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SUMMARY 
 
 
Transmission Line TL 214 is a 138 kV transmission line, which runs from Bottom Brook to 
Doyle’s, a distance of 118 km. The line was constructed in 1968 and is a radial line serving 
Newfoundland Power Customers from Doyles to Port aux Basques and surrounding areas. 
 
For the last number of years concerns have been expressed regarding the reliability of TL 214.  
The performance of a transmission line can be measured and compared by two statistics (1) 
delivery point and (2) equipment performance.  Since this is the only line serving the area it is 
important to review both statistics. 
 
Delivery point indices, System Average Interruption Duration Index and System Average 
Interruption Frequency Index (SAIDI and SAIFI), to Doyles and Port Aux Basques are a 
measure of the continuity and reliability of service to the customers.  These statistics for this line 
are high.  When compared to equivalent CEA indices, Doyles SAIFI and SAIDI of 4 and 5.34 
hours is over double the CEA SAIFI of 1.7 and almost double the CEA SAIDI of 2.38 hours.  TL 
214 contributes a major portion of these statistics; therefore, improvements on TL 214 will 
improve these performance indices. 
 
TL 214 performance is low when compared to other lines and contributes to reduced 
performance in the Doyles and Port Aux Basques areas served.  The line has a very high 
transient trip out rate of 8.31 outages per 100 km/yr compared to a typical Hydro rate of 2.75 
outages per 100 km/yr and the typical CEA rate of 1.15 outages per 100 km/yr for this class of 
line.  The sustained trip out rate of 1.9 outages per 100 km/yr is better but still high compared to 
a typical Hydro rate of 1.08 outages per 100 km/yr and the CEA rate of 1.25 outages per 100 
km/yr.  The major causes of the transient trips were high winds (5.85 per 100 km/yr) and 
lightning (2.47 per 100 km/yr). 
 
A condition assessment and analysis of the line recommended that four (4) areas of concerns 
be addressed to ensure the reliability of the line.   
 
The four areas of concern are as follows: 
 

1. There are four (4) locations where the combination of spans in excess of 500 m, 
conductor size and phase spacing create conditions that could cause conductor 
slapping.  One of these locations has shown signs of conductor contact.  The 
addition of structures is recommended to correct this problem. 

 
2. There are 21 locations that have been identified with excessive wind/weight ratios.  

Installation of counterweights has been recommended at these locations. 
 

3. In areas that have been identified as historically experiencing high wind, additional 
structures will be installed to reduce the span and to increase the wind/weight ratios.  
A total of 15 additional structures have been recommended.  

 
4. The major portion of insulators on TL 214 are pre-1974 insulators manufactured by 

the Canadian Ohio Brass Company commonly referred to as COB.  These insulators 
are part of the pre-1974 group that has experienced industry wide failures due to 
cement growth causing radial cracks in the porcelain.  Complete replacement is 
recommended for the COB insulators on the line. 



 

 

 
In order to carry out the above work, an alternative source of generation is required to preclude 
extended customer outages.  Co-ordination will be made with Newfoundland Power to minimize 
the alternative generation requirements.  
 
A capital budget proposal for $2,946,900.00 has been submitted for 2003-2004 to carry out the 
work.  The planning and design will be undertaken in 2003, with the actual construction 
scheduled for 2004.   
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1.0 Introduction 
 

The condition assessment of transmission line TL 214 was carried out to address the 
issue of the number of outages that have been sustained and to review problem areas that 
historically have caused trouble on TL 214.  Since this is the only line serving the area it is 
important to review its performance. 
 
TL 214 is a 138 kV line, which was constructed in 1968, and runs from Bottom Brook to 
Doyles (See Figure 1.1), a distance of 118 km.  TL 214 is a radial line serving the 
southwest coast and consequently any line outages will have a direct negative effect on  
the Newfoundland Power domestic and general service customers that the line services.  
It is also important to note that Newfoundland Power does have generation in the area at 
Rose Blanche and an emergency power supply from diesel and gas turbines, also serving 
the area. 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F 
Figure 1.1: TL 214 Location 
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This assessment study was conducted to determine the cause of the relatively high outage rate 
experienced by TL 214 and to determine what improvements could be made to reduce the 
various outages. 
 
This study was carried out in a number of steps, the methodology of which is as follows;   

 
1. Condition assessment of the full length of the transmission line.  

 
Discussions were held with field personnel and each tower was inspected for the 
condition of the structure, conductor, guys and hardware. 

 
2. A complete design review of the line was completed. 
 

The plan and profile of the transmission line was reviewed with respect to 
conductor clearances, wind and ice loading and extreme wind areas along the 
line. 

 
3. Performance Review. 
 

The performance of TL 214 was reviewed for the study period of 1990 to 2001. 
This included the number of trips, their causes, lightning performance and 
frequency and duration of delivery point interruptions. 

 
4. Cost estimates for recommended solutions. 
 

The recommendations were then further studied and preliminary cost estimates 
prepared. 

 
2.0 Transmission Line TL 214 
 
 A summary of TL 214 is provided in Table 2.1 below. 
 

Table 2.1: TL 214 Summary 
 

Voltage 138 kV 
Year Constructed 1968 

Construction 
(See Appendix G)

Aluminum 
Steel 
Wood 

Length 118.22  km 
Number of Wood 
Pole Structures 

6 

Number of 
Aluminum Towers

333 

Number of Steel 
Towers 

20 

Total Number of 
Structures 

359 

 
See Appendix A:  Line Routing TL 214 for a detailed location of the line. 
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General Routing 
 
TL 214 generally follows the Trans-Canada Highway from Bottom Brook Terminal Station 
to Doyles Terminal Station.  In some areas it is located up to 2 km from the TCH.  
 
Historically, strong winds are encountered near Doyle’s terminal station from structures 
275 to 355.  The strong prevailing easterly wind occurs in the area located just north of the 
Wreckhouse area.  The Wreckhouse area is an area just north of Port aux Basques that is 
west of the Long Range Mountains where extreme wind conditions frequently occur due to 
the topography and the prevailing easterly wind direction.  
 
Ten (10%) percent of the line is less than five kilometers from the coast, 32 % from five to 
ten kilometers from the coast and 58% is greater than ten kilometers from the coast. 
 
While the line is generally a significant distance from the coast, there is a 22 km section of 
line near Bottom Brook Terminal Station (structure 100 to structure 165), which is near the 
coastline.  In this area problems are encountered when winds blow westerly, opposite the 
prevailing wind direction.  These winds blow in from the ocean and result in salt 
contamination on the line.   

 
 
3.0 Conductor 
 

In 1968, TL 214 was erected with a 266.8 kcmil, 26/7 ACSR (Aluminum Conductor Steel 
Re-enforced) conductor named, Partridge.  A comparison of Partridge to other conductors 
is shown in table 3.1 below. 
 
Table 3.1: Conductor Comparison 
 
Conductor Size (kcmil) 266.8 559.5 795 
Name Partridge Darien Drake 
Diameter (mm) 14.31 21.59 28.13 
Strength (kN) 37.5 84.4 139 
Weight (kg/km) 433 765 1623 
 
As shown in Table 3.1 the 266.8 kcmil is a lightweight conductor.  A light weight conductor 
used on long spans in a high wind area, such as TL 214, will not always supply enough 
self weight to prevent the insulator string from moving in towards the tower. 
 
From the line inspection carried out, no areas of concerns were identified with the 
conductor. The line inspection indicates that the condition of the conductor on TL 214 is 
good and does not require replacement. 
 
It is advised that in the future, if sections of the conductor are replaced, that these sections 
be visually inspected for fatigue, corrosion, and excessive wear.  
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4.0 Insulators 
 

Canadian Ohio Brass (COB) insulators originally installed on TL 214, are presently in 
service on TL 214.  These were manufactured prior to the early to mid nineteen seventies.  
It is generally accepted by other utilities across Canada, and from experiences on other 
lines, that over time, these COB insulators deteriorate causing an electromechanical loss. 

 
The deterioration normally found is a loss of insulating strength, which stems from a radial 
fracture within the porcelain. These radial fractures produce volumetric changes resulting 
in cracks.  This is commonly known as “cement growth”. 
  
Temperature variations and mechanical stresses cause increased propagation of the 
cracks and accelerate the fracture in the porcelain. This electromechanical loss in a 
particular unit of a suspension string becomes serious when a number of the units in a 
string experience this loss of insulating value and the result is an electrical flash over. 

 
The failure of the insulator string occurs when enough of the units contain cracks.  These 
cracks cause the current to flow from the pin on the insulator through the crack in the 
cement and porcelain, and exits through the cap. 
 
Because of this cement growth and porcelain cracking problem exists over the entire 
length of the line, complete insulator replacement is recommended. 
 

5.0 Load Analysis 
 

The original design loads for TL 214 were confirmed using a computer program, SAGTEN, 
a tool, which was not available at the time the line was originally designed.  These loads 
are listed in Table 5.1 below. These design loads formed the basis of the analysis carried 
out on TL 214. 
 
Table 5.1:  TL 214 Original Design Load 

 
Load Wind Ice % Tension 
Max Ice 0 275mm 70 
Max Wind (Gust) 177 km/hr 0 50 
Combined Wind & Ice 90 km/hr 137.5 mm 50 
Everyday 0 0 20 
Cold 0 0 33.5 

 
Historically, major ice accumulation has not been a problem on TL 214. 
 
The main area of concern has been and continues to be problems associated with high 
winds. There have been a number of outages associated with conductors touching each 
other and insulators swinging, due to high winds.  If a heavier conductor had been used in 
the initial construction this problem may not be as severe. 
 
The maximum wind value in Table 5.1 is a gust value and not a sustained wind load.  The 
sustained wind value is obtained based on the gust value by factoring the gust value 
based on the physical properties of the line..   
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In 1982, a study was conducted by the Weather Engineering Corporation of Canada Ltd. 
on the Wreckhouse wind effect in the Codroy Valley and along the last 2-3 kilometers of 
TL 214.  According to the report, a downslope wind mechanism is created by the Long 
Range Mountains into the Codroy Valley.  The down-rushing air stream is extremely 
turbulent and gusty.  The report concluded that, due to the amount of additional wind 
speed-up due to the channeling of the descending air in the tributary valleys, an extreme 
wind speed of 177 km/hr with gusts up to 235 km/hr would be a reasonable design value. 
 
Given this conclusion the original design parameter of an extreme wind condition of gusts 
up to 177 km/hr is not adequate in this area, given the new wind data that has become 
available in the years since the line was built.  The current design analysis was carried out 
using a sustained wind speed of 177 km/hr and gusts up to 235 km/hr. 
 
The line analysis concentrated on checking the proper phase spacing and horizontal 
insulator swing to the supporting structure. The analysis also checked to determine if the 
conductor could provide enough weight to prevent the wind from moving the conductor in 
close to the cross-arm (wind to weight ratio). 
 
Phase Spacing  
 
Considering the new wind load based on wind data that is now available the phase 
spacing on TL 214 was analyzed.  Using the current standard, CSA 22.3 “Overhead Line 
Design”, the maximum span length of 490 m would be allowed with the current phase 
spacing of 4.9 m.  
 
There are four (4) spans on TL 214 that exceed this span length.  In one of these 
locations, under high wind conditions, evidence of phases having made contact could be 
seen after an outage.  
 
Insulator Swing 
 
The horizontal conductor clearance to the supporting structure is reduced by insulator side 
swing under transverse wind pressure. Taking into consideration the revised wind load 
and the existing heights of the various structures, and the conductor characteristics, the 
insulator swing under high winds can cause the conductor to come in close contact with 
the structure.  
 
In each case where the insulator swing was unacceptable, one of the following corrective 
steps can be taken: 
 
1. Re-conductor line to increase self-weight of the conductor. 
2.   Add counter weights at the insulator to provide the needed vertical force. 
3.   Increase structure height or lower adjacent structures. 
4.   Relocate structure to lower the wind to weight ratio. 
5.   Use a different structure, with greater phase spacing. 
6.    Add a new structure between two existing structures (ie midspan) to decrease   

the wind to weight ratio. 
 
In addition to these replacements, the last 2 kilometers of this line located to the north of 
the Wreckhouse area has historically experienced high wind conditions.  Currently, 
structures in this section of line are heavily counterweighted.  Midspan structures (10 in 
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total) are recommended in this section of line.  The section will also be re-conductored 
with 266.8 kcmil due to the number of counterweights on each structure (most cases five 
(5) sets per structure) as counterweights in large quantities will cause wear on the existing 
conductor. 
 
From the analysis there are five (5) possible improvements that can be made: 
 

(a) Re-Conductor the entire line; 
 
(b) There were twenty-one (21) locations where it is recommended that 

counterweights be added to the phase; 
 

(c) Four (4) structures need to be changed out to increase the structure 
height.   

 
(d) One (1) mid span structure needs to be installed 

 
(e) Add ten (10) midspan structures on the last two (2) km of the line north of 

the Wreckhouse area.  
 
Line Galloping 
 
Galloping is a phenomenon where the transmission line conductors vibrate with very large 
amplitudes.  During galloping the conductors oscillate elliptically at frequencies on the 
order of 1-Hz or less with vertical amplitudes of several feet. 
 
Line Galloping on TL 214 was analyzed, taking into account the weight of iced conductor, 
the span length and conductor.  This analysis was carried out in accordance with 1981 
REA (Rural Electrification Administration) Design manual.  The Engineering Standards 
Division of the United States Department of Agriculture publishes the REA manual.  The 
manual is used across North America as comprehensive design guide for transmission 
line design.    This analysis indicated that line galloping should not be a problem with the 
current design.  The operating experience of the line confirms this.  

 
6.0 Condition Assessment 
 

A condition assessment of the full length of the transmission line was carried out.  The 
scope of this assessment was; 
 

- Assessment of the condition of guys and associated hardware;  

- Assessment of the condition of tower and wood pole structures; 

- Inspection of conductor; 

- Inspection of dampers; and 

- Inspection of Insulators. 

 
This assessment was carried in 2001. The line remained energized during the inspection. 
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Any urgent repairs required were identified and action was taken to correct these 
deficiencies.  All information was recorded and dated, complete with structure number and 
structure information.  Pictures were provided where damage was recorded. 
 
The results of the condition assessment are summarized in Appendix C.   

In summary, the assessment indicated that the line is in good condition, with the one 
exception being the worn attachment plates (1A 135  plates), which currently are being 
replaced through regular maintenance in 2002.  
The 1A 135 plates connect to the Y-Ball clevis, which holds the insulator string.  This 
arrangement is connected to the tower by the connection plate (1A 134 plate),  see figure 
6.1.  While replacing the 1A 135 plates it was found that the 1A 134 plates were also worn, 
which could not be determined from the initial assessment.   Several locations have had 
the plates replaced and it is recommended that all plates identified as wearing be 
replaced.   These plates primarily require replacement on Structures 275 to 355, which is 
the area identified as experiencing high wind conditions.  

 

Figure 6.1 1A 134/135 Plates 
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7.0 Maintenance Records 

The available maintenance records of TL 214 were also reviewed.  A summary of these 
records is provided in Table 7.1 below.  Detailed maintenance records are provided in 
Appendix E. 

The maintenance records show that the majority of the maintenance problems are due to 
dampers, conductor, and insulators.  These are indicators that the original design is not 
suitable for the environmental conditions under which the line is operating.  The new 
design criteria will address these problems. 

As well the maintenance records indicate that insulator problems may be an increasing 
area of concern of TL 214.  In each insulator replacement occurrence COB insulators were 
replaced with NGK or Sediver insulators. 

    Table 7.1: TL 214 Maintenance Summary 1999 – 2001 

Maintenance Performed Frequency 
Damper Replacement 
Conductor Repairs 
Insulator Replacement 
Replaced 1A135 Plates 
Suspension Clamp Replacement 
Guy Repairs 
Tower Repairs 
Replace Ground Link 
Emergency Repair 

14 
27 
61 
11 
5 
13 
10 
1 
2 
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8.0 Performance Review 
 

The performance of TL214 was reviewed for the study period of 1990 to 2001, which can 
be compared to the CEA reporting period of 1995 to 1999.  This included the number of 
trips and their causes. In addition, lightning activity along the line was reviewed from 
August 1998 to February 2002, using the FALLS lightning detection system that was not in 
service prior to 1998. 

 
Outage Causes/Trip-Out Rates 
 
In the last 12 years (1990 to 2001) as shown in Table 8.1 below, there have been 145 
outages on TL214. Of this total, 118 were transient and 27 were sustained (outages more 
than one minute duration).  The reclosing rate for the line is 81% for this time period. In 
calculating outage rates per 100km/yr, two values were calculated. The transient outage 
rate per 100km /yr was 8.31 and sustained was 1.90 (for this time period). Both of these 
numbers are above the CEA statistics for the reporting period 1995 to 1999. The CEA 
values were 1.15 per 100 km/yr for transient and 1.25 per 100 km/yr for sustained. TL214 
rates for the period from 1995 to 1999 were 4.74 per 100 km/yr for transient and 1.01 per 
100 km/yr for sustained, see Table 8.2 below. The transient rate is significantly above the 
level of the CEA statistics but the sustained is below.  

 
TL 214 also has a low performance compared to Hydro’s transient and sustained rates of 
2.75 and 1.08 per 100km/yr, respectively, for the 1995 to 1999 period, for this class of line.  
It is also a high outage rate when compared to other similar Hydro lines for this period, 
such as TL 250 with transient and sustained rates of 2.60 and 0.16 per 100 km/year; and 
TL 241 with rates of 2.37 and 0.91 per 100 km/year, respectively. 
 
 Please refer to the following tables, which show the cause of outage per year, number of 
momentary (transient) and sustained outages, and other information on TL214 outages. 
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Table 8.1 - TL214 Outage Causes 1990 to 2001 
 Outage Causes 1999-2001  

Cause of Outage Number of Outages Trip-Out Rate per 100km/yr 
Lightning 35 2.47 

Salt Contamination 11 0.78 
Ice Build-up 2 0.14 
Line Contact 1 0.07 
High Winds 83 5.85 

Malfunctioned Equipment 13 0.92 
     

Total Outages 145 10.22 
     

Total Transient Outages  118 8.31 
Total Sustained Outages 27 1.90 

 
 

Table 8.2 - TL214 Outage Causes 1995 to 1999 for CEA Comparison 

Cause of Outage 
Outage Causes 1995-1999

Number of Outages 
Trip-Out Rate per 

100km/yr 
CEA 

Statistics 
Lightning 16 2.71  

Salt Contamination 0    

Ice Build-up 0    

Line Contact 0    

High Winds 18 3.04  

Defective Equipment 0    

      
Total Outages 34 5.75 2.40 

      
Total Transient Outages  28 4.74 1.15 

Total Sustained Outages 6 1.01 1.25 

 
In reviewing Table 8.1, on fault causes, it shows high winds as the largest fault cause at 
83 or 57% of all outages on TL214. For some trips recorded as caused by high winds, it is 
possible that salt contamination may have played a factor, as high winds were prevalent 
and may have resulted in salt deposits on insulators, which resulted in flashovers. For 
cases where salt contamination resulted due to high winds, salt contamination was 
recorded as the cause. If salt contamination was suspected but high winds were prevalent, 
high winds was recorded as the cause. Salt contamination has been identified as causing 
11 faults on TL214. 
 
For the 1990-2001 period, the trip-out rate per 100 km/yr was 5.8 for high winds; 2.4 for 
lightning; 0.92 for defective equipment; and 0.77 for salt contamination.  With high winds 
and lightning being the main contributor to the high transient outage rate. 
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On TL214, there have been three permanent faults since 1990, which were sustained 
outages of a long duration caused by a physical problem on the line. These are as follows: 
 
-     Two were caused by tower problems resulting from external damage 
- One resulted from a broken jumper on the line 
 
The three permanent faults along with failed recloses contribute to the sustained outage 
rate.  
 
It is also important to note that the transient rate is increased substantially by one 
windstorm in 2001, resulting in 50 transient outages.  At the time it was decided to 
continue to operate the line with reclosing during storms. The line could have been 
removed from service, which would have significantly lowered the transient rate and 
marginally increased the sustained rate.  In reviewing Table 8.3 and 8.4, the 50 high winds 
faults during this one storm had a reclosing rate of 96%.  This number is very significant to 
the statistics and depending on how this one occurrence evolved, the transient outage rate 
could have been significantly different, almost half.  If the line had been left out of service 
after the initial recloses or faults, the transient rate would be significantly lower and a 
single sustained outage recorded with a marginal increase in the sustained outage rate.  
However, leaving the line out of service would not be acceptable to the customers 
serviced by the line. 
 
 

Table 8.3 – TL 214 Fault Information from 1990 to 2001 

Year Lightning Salt 
Contamination

Ice 
Buildup 

Line 
Contact High Winds Defective 

Equipment 
1990 12  2    
1991 1   1 6 2 
1992 5    1  
1993      9 
1994     4 1 
1995       
1996 2    1  
1997 6      
1998 3    9  
1999 5    8  
2000 1 11   4 1 
2001     50  
Totals 35 11 2 1 83 13 

 
 
Notes: 1991 - Defective Equipment due to problems at Doyles   

  1993 - Defective Equipment caused by Tower twisting due to guy failure (Str # 314)
  1994 - Defective Equipment caused by Tower damage caused by Ice in river 
  2000 - Defective Equipment - Jumper Failed (Str# 342)   
  2000 - Lightning - One set of Insulators and breaker problem  
  2001 – High Winds - One storm over 9 hour period   
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Table 8.4  - TL214 Performance from 1990 to 2001 
   

  Total Faults Momentary Sustained Reclosing Rate 

      
1990 14 12 2 86% 
1991 10 4 6 40% 
1992 6 4 2 67% 
1993 9 8 1 89% 
1994 5 2 3 40% 
1995 0    
1996 3 2 1 67% 
1997 6 5 1 83% 
1998 12 8 4 67% 
1999 13 13  100% 
2000 17 12 5 71% 
2001 50 48 2 96% 

        
Totals 145 118 27 81% 

     
  
    

 
Of the 27 sustained outages three (3) were permanents faults on the line.
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Delivery Point Indices 
 
TL 214 serves two delivery points, Codroy (Doyles) and Port Aux Basques.  Although the 
line is rated at 138 kV, the delivery point indices are based on 66 kV voltage class since 
Codroy and Port aux Basques are supplied at 66 kV.  Performance indices for sustained 
outages to these delivery points and are shown in Table 8.5 below. 
 
The TL 214 numbers in the table are an indication of the sustained interruption frequency 
and duration in hours for these delivery points which were attributed to faults on TL 214, 
particularly for the Codroy (Doyles) indices.  The Port aux Basques SAIDI is smaller than 
the TL 214 number for the 1997 to 2001 period because local generation was available to 
supply this delivery point for some of the outages on TL 214. 
 

Table 8.5: Delivery Point Indices (Sustained Outages) 

   1997 to 2001 1993 to 2001 
Delivery Point  SAIFI SAIDI  SAIFI SAIDI  

        
TL214*  2.40 4.41  1.78 4.10  

        
Codroy (Doyles)  4.00 5.34  3.40 6.03  

        
Port Aux Basques  5.00 3.00  4.10 4.16  

        
Hydro Voltage Class 1  4.73 3.09  4.35 4.46  

All 66 kV Points         
              
  1996 to 2000     
  SAIFI SAIDI      
         

CEA Voltage Class 1  1.70 2.38      
All 66 kV Points              

       
*  Delivery Point Codroy (Doyles) statistics calculated to indicate the proportion of the 

Doyles Delivery Point statistics that were caused by TL214 outage caused by faults. 
 
SAIFI – System Average Interruption Frequency Index for sustained delivery point 
interruptions 
 
SAIDI – System Average Interruption Duration Index in hours for sustained delivery point 
outages  
 
Over half the SAIFI (2.4) and over 80% of the SAIDI (4.41 hours) to Codroy (Doyles) were 
caused by the loss of TL 214 for the 1997 to 2001 period.  The indices are well above the 
CEA average, with the TL 214 contributions alone being higher than the CEA average.  
The indices are closer to the Hydro class 1 indices.  The Codroy SAIDI of 5.34 hours is still 
significantly higher than the Hydro SAIDI of 3.09 hours. 
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TL 214 contributes significantly to the Codroy (Doyles) and Port aux Basques delivery 
point indices, which are high.  Improvements to TL 214 performance will directly impact 
these indices and improve these statistics. 
 
Lightning Performance and Analysis 
 
There have been 35 faults on TL214 caused by lightning from 1990 to 2001. This 
corresponds to 25% of all faults on the line and is the second largest fault cause. The 
reclosing rate for these lightning caused faults is 86%. Therefore, most lightning strikes 
reclosed and only resulted in a transient outage to the customers. There has been only 
one sustained outage caused by lightning, which resulted in insulator damage. During this 
outage, there were problems with the breaker on TL214 at Bottom Brook. This extended 
the outage due to problems in finding the breaker problem. This occurred on June 28, 
2000.  

  
The TL 214 lightning trip out rate for the 1990 to 2001 period was 2.47 per 100 km/yr and 
for the 1995 to 1999 period was 2.71 per 100 km/yr.  This compares to the 1995-1999 trip 
out rate for TL 250 of 2.43 per 100 km/yr.  This line is a 138 kV line from Bottom Brook 
station to Burgeo built in 1987 and is in the same geographical area as TL 214.  These 
lightning trip out rates are high in comparison to some other 138 kV lines for the same 
period, such as TL 241 (Northern Peninsula) with 2.0 per 100 km/yr, and TL 219 (Burin 
Peninsula) with 1.68 per 100 km/yr.  However, TL 214 rates are consistent for a line with 
no overhead ground wire lightning protection and for ground flash densities of 0.1 to 0.15 
flashes/km2/yr, expected in that area. 

 
The lightning patterns were studied using the FALLS lightning detection system. This 
system has only been in service since 1998. The line experienced six trips due to lightning 
during this period. Using a buffer zone around the line it can be estimated how many 
lightning strikes were close to the line but did not cause a trip. A 250-meter zone (125 
meters on each side of the line) shows 17 strikes, while a 500-meter shows 32 strikes 
these strikes were distributed along the line with no areas of high activity noted. 
 
Also the location of the five strikes causing trips were located as follows: 

 
- Two strikes, June 28, 2000 & July 23, 1999 – hit 47 km from Bottom Brook 
 
- One strike on August 19, 1999 – hit 77 km from Bottom Brook 
 
- Two strikes, both on August 7, 1999 – hit 90 km from Bottom Brook 
 
From the limited lightning location data significant lightning performance improvement 
would require application along the entire line. The application of arrestors or overhead 
wire with the grounding improvements required would be an expensive proposition. Also, 
the application and installation would be very difficult, if at all practical, and would pose 
some design challenges for the high wind areas.  While arrestors or overhead ground wire 
would decrease the number of lightning related outages they would also increase the 
number of wind related outages. 
 
At this time, it is recommended to continue to collect the lightning location data and review 
annually to attempt to identify any areas of high lightning activity and low performance, 
which may be assessed for possible future line improvements. 
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9.0 Problem Summary 
 
From the line analysis and the detailed field assessment, the main areas of concern and 
potential solutions have been identified as: 
 

1. Four locations phase spacing  
a) Re-conductor entire line 
b) Replace Str No. 155-156 with steel tower 
c) Replace Str No. 174-175 with steel tower 
d) Replace Str No. 188-189 with steel tower 
e) Replace Str No. 198-199 with steel tower 
f) Install midspan steel tower 

 
2. Excessive Insulator Swing 
 

a) Reconductor entire line 
 

b) Install Counterweights: 8, 10,74, 102, 164, 157, 190, 193, 217, 234, 235, 239, 
242, 243, 255, 266, 273, 314-1, 316-1, 317, 317-1(Total = 21) 

 
c) Increase Structure Height:  314-1, 316-1, 317, 317-1 (Total = 4) 
 
d) Install Mid Span Structures: 313-1, 343-355 (Total = 11) 
 

3. Replace Aging Insulators: Along Entire Line 
 
4. Lightning performance  
 

 
10.0 Recommendations 
 

Based on the foregoing information and accompanying analysis of TL 214, several 
solutions have been proposed to improve the performance of TL 214 and are discussed 
below. 
 
10.1 Re-Conductor Line 

 
It is not recommended that the line be re-conductored.  If the line were to be re-
conductored  559.5 kcmil would be the required replacement, at the minimum.  
Material costs for the conductor and associated hardware would be $1,500,000.00 
and the installation cost would be $825,000.00. 
 
The total cost of re-conductoring the line is $2,325,000.00. 
 
The same benefits from re-conductoring the line can be achieved though targeting 
problem areas. Options such as installing steel towers, adding mid-span structures 
and counterweights, and the replacement of some existing structures will achieve the 
same benefit at a much lower cost.   
 
As well, considering the existing conductor is in good condition re-conductoring is not 
recommended. 
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10.2   Installation of Additional Towers 

 
There are four (4) span lengths on TL 214 which have been identified as not meeting 
the Canadian Standards Association (CSA) standards for minimum phase spacing.  
In only one of the identified locations can the installation of a midspan structure 
correct the problem. In the other locations, various structure alternatives were 
reviewed. From the preliminary work carried out to date, the only tower that will 
provide the required ground clearance and phase spacing at all three locations is the 
230 kV, DD tower.  During the detailed design stage of the proposed work, this tower 
selection will be refined to ensure that the least cost tower will be utilized for the 
remaining areas. Seven (7) additional towers will be required. 
 

10.3  Excessive Insulator Swing 
 

In the locations that were identified as having excessive swing it is recommended 
that: 

 
(a) in twenty-one(21) locations additional weight be added to the phase using 

counterweights; 
 
(b) four structures be replaced to increase the structure height; and    

 
(c) one mid span structure be installed. 

 
10.4  Upgrade of Section from Str 343 - 355 

 
Historically, the section of line from Structures 343 to 355 (the last 2 kilometers near   
Doyles) has experienced high wind conditions.  This is evident by the number of   
counterweights installed in this section.  
 
Midspan structures (10 are estimated in total) will be required in this section of line and 
the section will require reconductoring with 266.8 kcmil.   Combined with the five 
structures that are required for excessive insulator swing, 15 new structures will be 
required. 
 

10.5 Re-Insulation 
 

The majority of the insulators on the line are standard profile COB type insulators 
and are approximately 34 years old and it is evident from the maintenance records 
that the failure rate is increasing.  In the sections identified as having salt 
contamination problems, extended leakage insulators (commonly known as fog 
units) will be used.    
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10.6  Lightning Protection 
 
Once the insulators have been replaced, the lightning performance on TL 214 will be 
further studied to determine the requirement for additional lightning protection on the 
upgraded line.   

 
11.0 Alternative Power Supply 
 

All of the upgrading, outlined in the previous sections, require an outage be taken on TL 
214.  As TL 214 is a radial line, an alternative power source is required.  A detailed 
analysis of alternative generation is provided in appendix F. 
 
Alternative generation will involve rental of generation equipment and the purchase of 
required fuel along with the coordinated use of Newfoundland Power generation 
equipment in this area.  The details of this co-ordination will be finalized during the 
detailed project design.   

 
12.0 Cost Estimate 
 

12.1 Installation of Additional Towers 
 
Based on the analysis of TL 214, seven (7) additional structures are required.  At two 
of the spans identified four, steel DD towers are required.  For estimating purposes, 
the estimate is based on using DD towers. 
 
 

Table 12.1 – Steel Tower Cost 
Type Qty Cost Material Cost 

Installation
 

 
4-0 2 $39,596 $37,600  
4-5 2 $40,459 $37,800  

4-10 3 $41,594 $38,200  
TOTAL $284,757 $265,400 $550,157 

 
12.2 Installation of Counterweights 

 
Twenty-one (21) structures on TL 214 require counterweight installation.  The cost of 
counterweights is as follows: 
 

Material   $17,000.00 
Installation  $63,000.00 
   _________ 
Total  $80,000.00 
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12.3 Installation of Additional  H-Frame Structures  
 

Based on the current analysis of TL 214, 15 structures would be required to correct 
excessive insulator swing. 
 
For estimating purposes, an H-Frame structure utilizing a seventy-five (75) foot high 
structure was assumed for these structures.  The quantity and height is the result of 
a review of the plan and profile. 
 

Table 12.2 – H- Frame Structure Cost 
 

Material 
Description 

Material 
Cost 

Construction 
Cost 

Total Direct 
Cost 

15 Mid Span 
Structures 

$6000.00 
(each) 

$9,500.00 
(each) 

$292,500.00 

6000 m 
Conductor 

$16,500.00 $14,000.00 $  30,500.00 

TOTAL COST $323,000.00 
 
 

12.4 Insulator Replacement   
 

In total, there are approximately 10,000 insulators on TL 214.  These insulators are 
15,000 lb glass units.  To replace these insulators, the cost is as follows: 

 
              Table 12.3 – Insulator Replacement Cost 

 
Type of 

Insulators 
Qty Unit 

Price 
Material 

Cost 
Labour Total Cost 

Standard 7738 $24.43 $189,039.34 $207,378.40 $396,417.74 
FOG 2262 $34.31 $77,609.22 $60,621.60 $138,230.82 

TOTAL: $534,648.56 
 

12.5 Alternative Power Supply 
 

All solutions will result in additional cost for power generation while TL 214 is out of 
service.   
 
The estimated cost of alternative power is $ 754,258.00.   
 
It should be noted that the cost of the rental is fixed, but the cost of the fuel will vary 
depending on the generation available.  For this study, it is considered prudent to 
assume that generation would be required.  It is estimated that the recommended 
work could be completed in a one-month period, with sufficient pre-outage 
preparation by the contractor (i.e. distribution of material, installation of foundations 
and assembly of towers). 
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As previously stated, alternative generation will involve rental of equipment and the 
purchase of required fuel.  An attempt to mitigate costs through the co-ordination of 
the outage with Newfoundland Power to reduce the amount of alternative generation 
required will be made. 
 
See Appendix F for Cost of Alternative Power Supply. 
 

 
12.6 Summary of Costs 
 

The total cost of Upgrading TL 214 is budgeted as follows: 
 
Description Cost 
Material Supply $730,000.00 
Labour $740,000.00 
Alternative Generation $745,258.00 
Engineering $83,242.00 
Environment $70,000.00 
Internal Construction $40,000.00 
Land & Survey $10,000.00 
Project Management $80,000.00 
Inspection and Commissioning $20,000.00 
Corporate Overhead, AFUDC, Escalation 
and Contingency 

$428,400.00 

Total $2,946,900.00 
 

13.0 Recommendations and Conclusion 
 
The condition assessment and maintenance review did identify several areas that were of 
particular concern.  Insulators were identified as the hardware causing the majority of 
material problems.  The outage history indicates that salt contamination, high winds, and 
lightning are the major problem areas affected by outside physical forces. 
 
In order to reduce the number of outages, the following recommendations should be 
carried out: 
 
1) Installation of seven (7) CAC DD Towers at an estimated direct cost of $550,157.00; 
 
2) Installation of counterweights on 21 structures at an estimated direct cost of 

$80,000.00; 
 
3)  Installation of 15 H-frame 138 kV wood pole structures at an estimated direct cost of 

$323,000.00; and 
 

4) Total insulator replacement at an estimated direct cost of $534,649.00. 
 
All recommendations will require alternative sources of generation, which is estimated as 
$754,258.00.  Rental costs of the units are fixed but as previously discussed coordinating 
construction with existing generation may mitigate fuel costs. 
 
The total cost of the upgrading recommendation is $2,946,900.00. 
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Improvements that mitigate the wind-related problems should have the most effect on 
performance improvement.  However, aging insulators, if not replaced, will become the 
largest cause of outages. 

 
Further monitoring of the line to assess lightning related outages should be continued to 
determine if further upgrading for lightning protection would be required. 
 
Four recommendations have been suggested to mitigate the outages on TL 214; 
installation of steel towers, installation of counterweights, installation of midspan 
structures, and insulator replacement. 



 

   

APPENDIX A 
TL 214 LINE ROUTING 



























 

 

APPENDIX B 
TL 214 STRUCTURE LIST 





















 

 

APPENDIX C 
 

TL 214 DETAILED CONDITION ASSESSMENT RESULTS 



 

 

  Results of TL 214 Condition Assessment  
Deficiency Number of 

Structures 
Loose Members 4 
Footing Eroded 1 
Damper Loose 2 
Member Missing 1 
Need New Guys 1 
Insulator Flashed 1 
Damaged Conductor due 
to Lightning Strike 

1 

Keeper Cracked 1 
Worn Bolt 1A 135 38 
Dead Insulator 1 
Bent Member 1 
Bullet Holes in Members 1 
Insulator Damaged 1 
Worn Member 1 
Suspension Clamp Worn 1 
Standoff Worn 1 
Total 57 
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TL 214 CONDITION ASSESSMENT 



 

 

APPENDIX E 
TL 214 MAINTENANCE REPORT 





























 

 

APPENDIX F 
POWER SUPPLY DURING TL 214 OUTAGE 











 

 

APPENDIX G 
TL 214 STRUCTURES 



 

 

FIGURE 2.1 - TL 214 – TANGENT “A” STRUCTURE 
 

 
 

FIGURE 2.2 - TL 214 – ANGLE “B” STRUCTURE 
 



 

 



 

 

 




