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1. BACKGROUND 
 
During 2008 the author was engaged by the Icelandic Consulting company Efla to act as 
consultant for a condition assessment trial project on a 220 kV transmission line in Iceland. 
The trial project was jointly funded by the Icelandic transmission company Landsnett, and the 
Norwegian national grid transmission company Statnett. 
 
The objective of the work was to - 
 
a)  Introduce a detailed condition assessment methodology to the two client companies and 

trial it on an actual line. 
 
b)  Undertake a predictive modelling analysis on the results to see what the future work and 

cost profile was for the line. 
 
The work was undertaken from October to November 2008. The author travelled to Iceland 
to help set up the trial and brief Landsnett and Statnett engineers.  A final report was 
completed late December 2008. 
 
2: THE ICELANDIC TRANSMISSION NETWORK 
 
Iceland has a total land area of 103,000 sq km (about the same as New Zealand’s North 
Island) but at a population of only 320,000 it has the worlds lowest population density of 3 
people per sq km.  
 
Iceland has many similarities to NZ in that both are islands, both are very geologically and 
geothermally active, and both have many mountains and rivers. The Icelandic climate is 
severe in some locations but much of the country is moderated by warm ocean currents . The 
capital Reykjavík has a climate similar to New York, which gives it a quite warm summer.  A 
feature of the landscape is the lack of trees other than in sheltered valleys, giving the 
countryside a “Desert Road” look.   (Landscape pictures will be included in the presentation). 
 
The transmission system is managed by Landsnet, and consists of 220 and 132 kV lines, plus 
a network of lower voltage distribution. Local generation of 2400MW is from a mixture of 
geothermal and hydro stations, which feed significant industrial loads such as smelters.  
 
While the appearance of transmission network differs from New Zealand in that many lines 
use guyed masts rather than self supporting towers, there are similarities in that like NZ they 
also have severe problems with rapid corrosion of steel towers near their geothermal power 
stations, and with salt accelerated corrosion of towers near the sea coast.  However the colder 
Icelandic climate acts to slow corrosion rates while the high rainfall creates excellent washing 
off of pollutants thus further slowing corrosion. 
 
3.  THE TRIAL LINE 
 
The trial line is a 220 kV single circuit called Brennimelslína It runs from the Geitháls 
substation east of Reykjavík 58.8 km and 144 towers, to Brennimelur substation in 
Hvalfjörður Fjord in South-West Iceland. (See Appendix B for a route and location map). 
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The transmission line was constructed in 1977, predominantly of guyed towers with self 
supporting lattice towers at strain and heavy angles positions.  The line is wired in 37 x 
4,02mm AAAC conductor (28.14 mm dia) with earthwire at the ends only.  
 
The transmission line runs through a mixture of flat highland, and moderate mountain 
crossings, with a height above sea level between 10 m up to 400 m in the mountains. At 
tower 110 the line emerges into a coastal environment and crosses the long narrow 
Hvalfjörður Fjord known for extreme weather conditions with high winds running along the 
fjord from the south-east. In 1991 5 towers were added into the line at Hvalfjörður when 
extreme wind and ice loads collapsed a guyed tower and damaged a self supported tension 
tower. 
 
The key maintenance issues for the 35 year old line were known to be foundation ice damage, 
and increasing corrosion of tower steel especially on the marine environment in and around 
the Hvalfjörður fjord. There were also concerns about the condition of the guy wires and 
anchor rods. 
 . 
4.  THE CONDITION ASSESSMENT PROCESS 
 
The condition assessment process consisted of a climbing inspection of half the towers (68 of 
144 towers, - time and weather constraints prevented all towers being climbed), with the 
condition being recorded by a mixture of condition codes and photographs.  
 
In addition some sample insulator strings, conductor and joints were removed from the line 
for disassembly, inspection and testing. The strands from the conductor sample were torsion 
tested to establish the degree of corrosion pitting and brittleness. A dead-end bolted jumper 
flag joint was also inspected for condition and measured for resistance. A mid span joint was 
sawn up to look for internal corrosion. 
 
Condition codes were assigned to all major components based on a 100 - 0 sliding scale as 
follows 
 
CA  = 100   =  New Item  
CA  =   60   =  Item halfway through service life 
CA  =   20   =  Item at effective end of service life 
CA  =     0   =  Item at or close to in service failure 
 
Each major item was assigned a condition coding guide to aid the inspectors.  
 
Fittings subject to wind wear were coded using the guide in Figure 1 

 
 
Figure 1: Coding Guide for fitting wear.
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A coding example for tower steel is set out in Table 1 below: 
 

Condition Guidance Notes Tower Steel  

100 Bright smooth spangled surface 

90 Surface dulled and grey 

80 Surface roughened 

70 Obvious roughening of surface, crusty build-up starting 

60 Surface is dark gray 

50 Some red-brown darkening on surface 

40 Surface is rusted, some flaky rust 

30 
Many bracing members have severe rust. 
Many bolts loose or severely damaged due to rust 

20 Severe flaking rust on bracing 

10 Holes through light bracing members 

0 Tower in critical weakened state. Unsafe to climb 
Table 1: Coding Guide for tower steel 
 
Some examples of the problems found during the process are shown in photos 1-8 below 

      
Photos 1-3 Foundations:  Ice damage to concrete foo tings / corrosion damage to stub legs 
 

      
Photos 4-6:  Insulator Fittings: Extreme wear on hangers and att achment fittings 
 

                  
Photos 7+8 Guy Grips: Broken strands due to vibrati on.  
 
Two bolted jumper joints were measured for resistance and found to average 600 microhms. 
They were then disassembled cleaned and remade with jointing compound. The resistance 
then dropped to just 6 microhms! 
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5. THE RESULTS OF THE CONDITION ASSESSMENT PROCESS 
 
The immediate outcome of the condition assessment process was two fold 
 
a) Defects that required more or less immediate attention.   
 
These included replacing badly worn insulator and guy fittings, replacing missing tower 
bolts, repairing ice damaged and corroded foundations, remaking jumper joints etc. 
 
b) Condition codes for all inspected components.  
 
At a high level the results for each of the components were presented in graphical form so the 
spread of condition and trend along the line could be revealed, as shown for guy-grips graphs 
below. 

 Figure 2:  Condition distribution of guy-grips. 
 

 
Figure 3:  Condition of guy-grips along the line ro ute  
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6.  FUTURE MAINTENANCE ANALYSIS 
 
6.1  Overview 
 
In addition to the CA process, highly valuable as it was, the data was then processed further 
though a predictive modelling process to look at the future maintenance the line would 
require. This data could then be used to plan future resourcing and possible replacement or 
rebuilding of the line at the optimum economic time. 
 
In order to deliver on this process addition data was needed. This included.  
 

�  Line characteristics, tower types and installed components.   
�  Environment accelerators connected to line structure location  
�  Component Replacement table.    
�  Component replacement or repair costs incl labour.   
�  Average service life of each component, in a defined environment from mild to 

severe.   
�  Environment accelerators codes connected to line structure location.   
�  Condition code for each defined component at each structure   

 
A maintenance model was created that calculated the replacement date (RD) of each 
individual component broadly as follows: 
 
RD= Assessment date + (maximum life x (condition code – replacement criteria) x Environmental code 
 
The following paragraphs look a little closer at each block of data used. 
 
6.2 Line Characteristics 
 
This is simply a basic table of what components are in service at each tower site, and span 
e.g.  
 
a ) Tower type, and steel tonnage 
b ) Insulator type (s) and numbers. 
c ) Guys and numbers 
d ) Anchor type and numbers 
e ) Foundation type   
f ) Conductor type and span  
g ) Conductor joints etc 
 
6.3 Environmental accelerators at each tower site 
 
The environment along the line was assigned a 100-0 code based on known severity. Severity 
was assessed based on already known environmental measurements plus site inspections  to 
judge local factors at each site. Four factors were used depending on the item being aged . 
These were  
 
a)  Corrosion factor (air) : Used for tower steel, insulators and conductor 
b)  Soil/foundation: Used for anchor rods direct embedded in soil.  
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c)  Wind factor (wind run) : Used to age fittings subject to wind wear.  
d) Freeze/Thaw:  Used to judge the number of cycles for ice damage to footings 
 

The table below shows the spread of environment factors along the line route.  

Note: Environment code of 100= Very mild /benign environment. Environment code 0 = 
extremely severe environment  

Line tower 
Section Environment Corrosion  Wind Soil / 

Foundation  
Freeze
/Thaw 

1-23 Exposed Inland 65 55 60 50 

23-94 Inland sheltered 70 65 60 40 

94-100 Coastal Transition 55 40 50 60 

100-116 Severe Coastal 45 20 45 70 

116-142 Coastal 55 40 50 60 

Table 2  Environment vs. line route  

6.4 Replacement Table 
 
The replacement table tracks what happens when an item reaches replacement or repair point 
ie what it is replaced with or what repair action takes place. Table 3 shows some examples. 
The “Notes” column tracks the CA point at which the repair action is triggered. 
 
Replacement Table 
Existing Component Replacement Component Notes 
Tower Lattice tower light Tower Lattice light Painted CA = 49  
Tower Lattice tower heavy Tower Lattice heavy  CA = 49 
Suspension tower Guyed (Type A) Suspension tower Guyed (Type A) CA = 20. 
Concrete Foundations Guyed tower Repaired Concrete Foundation (guyed) CA = 20 
Concrete Foundation Lattice tower Repaired Concrete Foundation lattice twr CA = 20 
Leg connection   Repaired Leg connection   CA = <40  

Table 3: Component Replacement Table.  
 
6.5 Cost Table  
 
The cost table tracks what the approximate cost is to replace or repair each item in materials 
and labour.  Table 4 below provides some examples. (Note: ISK = Icelandic Krona)  
 

Replacement Component or repair work Quantity Purchase 
cost ISK 

Labour 
Cost ISK 

Total Cost 
ISK 

Replace susp/jumper string + fitting (1 str) Twr 237.000 252.000 489.000 

Prepare and paint heavy tower CA 49 Twr 307.000 2.038.000 2.345.000 

Replace complete guyed tower CA <20 Twr 1.170.000 1.170.000 2.340.000 

Repair Foundation connections lattice twr Twr 150.000 1.040.000 1.190.000 

Replace anchor rods (4) Twr set 900.000 1.140.000 2.040.000 

Remake jumper joint Joint 7.000 50.000 57.000 

Reconductor Route km 3.290.000 2.000.000 5.290.000 
Table 4: Cost Table.(Costs exclude design, supervision and management overheads)  
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6.6 Service Life vs Environment 
 
The service life table benchmarks how long each component is expected to last in each of the 
service environments This data was based on the actual whole or part service lives of 
components on the line. Table 5 below shows examples 
 

Component life in yrs vs. Environment. 

  Item Condition  Environment  100 
Mild 

50 
Avg 

0 
Severe 

Twr top ( Bridge / superstructure) Rust Corrosion 120 80 40 

Tower bottom, (Below bottom arm)  Rust Corrosion 140 95 50 

Foundation leg connection  Rust Corrosion 80 57 35 

Foundation concrete Cracking Freeze Thaw 80 57 35 

Painted tower Chalking Corrosion 60 32 5 

Anchor rod Rust Foundation 100 70 40 

Guy grip Rust Corrosion 100 65 30 

Guy Wire Rust Corrosion 100 65 30 

T
ow

er
 

Twr attachments : Susp/Jumper. Wear Wind run 80 57 35 

Suspension insulators (glass) Rust Corrosion 90 60 30 

Strain (tension) string Rust Corrosion 90 60 30 

In
su

la
ti

on
 

Jumper string Rust Corrosion 90 60 30 

Corrosion Corrosion 140 95 50 Main conductor 
Vibration Wind run 140 95 50 

Mid span joints Resistance Corrosion 140 90 40 

C
on

du
ct

or
 

Jumper flag joints Resistance Corrosion 60 40 20 
Table 5: Service Life of Components vs Environment.  
 
 7.  RESULTS OF THE FUTURE MAINTENANCE ANALYSIS 
 
7.1  50 year Overview 
 
A summary of the future cost over 50 years for all major components is set out in Appendix 
B.  As expected,  the big future expenditure items are tower steel painting (or alternatively 
tower replacement), followed by insulator replacements, guy wire and anchor replacements, 
foundation repair/replacement, and finally replacement of conductors. The timing and cost of 
the work is a direct result of all the drivers discussed in section 6 of this paper. . 

 
Numerous line maintenance options can be costed using this method to see the effect of the 
strategies so the lowest cost option can be selected to suit the time frames and planned 
required operational life of the line involved.  
 
By way of example, the long term cost of painting towers can be compared with leaving them 
to rust and replacing them. This can incorporate replacement foundations thus removing them 
as an ongoing cost. The long term cost of maintaining planned new lines built on 
environmentally different routes can be compared to see which is the cheapest and what that 
difference is.  
 
The author wishes to acknowledge the valuable contributions of Árni Björn Jónasson and  
Smári Jóhannsson from the Icelandic Consulting company EFLA 
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Appendix A: Predicted Future Line Costs for the Brennimelslína  on a 50 Year Horizon, for 12 Key Line Components.  
 

Predicted Overall Cost - 50 yrs
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Appendix B: Map Showing the Route and General Location of the Trial Line : Brennimelslína 

 
(Note Blue section only involved in trial . Green and Orange sections were newer and were excluded)  


