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1.0 Introduction   
This  paper  describes  the  design  of  the  new  500kV  Interior  to  Lower  Mainland  (ILM)  
transmission line. BC Hydro identified the Interior to Lower Mainland transmission line 
project as one of the largest expansions in the BC 500kV transmission system in last 30 
years. It is planned to meet a 40% increase in demand for electricity in British Columbia and 
North America over the next 20 years.  
The 248km long, 500kV single circuit transmission line will run between the Nicola and 
Meridian substations, passing through some of the most rugged terrain in British Columbia. 
Part of the route has been logged in the past, some areas are slide zones, and many areas are 
so steep or engulfed in forest they can only be accessed by helicopter. The line passes 
through a difficult terrain with the following:  
- 50-75mm radial ice loadings on conductor  
- Up to 6m snow depths 
- Long river crossing spans  
- Avalanches, rock fall and soil liquefaction 
- Locations having helicopter access only.  

2.0 System Electrical Parameters 
Electrical Parameters for the line include: 
 
Table 1: System requirement  

Requirements Value 
Nominal system voltage 500 kV 
Normal system voltage 525 kV 
Maximum continuous system voltage 550 kV 
Peak voltage 625 kV 
Switching surge level 1.7 pu 
Maximum continuous line rating @ 525kV  3000A 
Maximum conductor temperature 90°C 
Line Transpositions At 1/3 points on line 
Minimum Surge Impedance Loading (50% series compensation) 1390 MW 

3.0 Route Alignment and structure spotting  
The preferred alignment identified by BC Hydro during the feasibility study was selected on 
the base that no new permits, licenses or approvals were required.  The majority of the line 
route runs parallel to an existing line and structures were spotted to contain the line within 
BC Hydro’s approved Right of Way (ROW), maintaining minimum electrical clearance with 
the adjoining structures. For the balance section of the line, the structures were spotted to 
maintain external clearances and they are strategically located outside the known security 
hazards areas (avalanche paths, debris chutes, rock fall areas, and unstable slopes) as 
identified in the geotechnical report. 
In general, tower spotting considered the following design assumptions: 
- Maximising spans (in order to minimize number of towers) 
- Remaining within structure limits for allowable spans and turn-off angles 
- Ensuring that blown-out conductor position remain within ROW 
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- Maintaining minimum required ground clearances 
- Avoiding areas with high system security risk (e.g. avalanche chutes). 
 
Based on the terrain type and ease of the construction at site, the whole line was divided into 
five major sections and these are outlined in Table 2 below. 
 
Table 2: Section summary  

Section Description Route length 
(km) Routing comments 

Section 
1 

NIC SS to Kingsvale 50 Mostly flat terrain 

Section 
2 

Kingsvale to south Anderson 57.5 High altitude, heavy snow legs 
required  

Section 
3 

South Anderson to Hicks Creek 51.5 New alignment, high altitude  

Section 
4 

Hicks creek to Hatzic Prairie 40 Snow depth >6m, heavy snow 
legs required  

Section 
5 

Hatzic Prairie - Meridian  49  Parallel to existing line 

4.0 Conductor  
Based on the lifecycle cost calculations and the current rating requirements, a quad bundle 
conductor SP926.7 AACSR (Aluminium Alloy Conductor Steel Reinforced ) was identified 
for the hilly area exposed to heavy ice loading. An ACSR (Aluminium Conductor Steel 
Reinforced) conductor was identified for section 1 which was located on flat terrain.  
 
Table 3: Conductor Properties  
Property SP926.7 ACSR SP926.7 AACSR 
Applicable standards CAN/CSA-C61089:03 CAN/CSA-C61089:03 
Rated Ultimate Tensile Strength (kN)  116.8 192.6 
Number and diameter of aluminium 
wires (No./mm) 45 / 3.65 45 / 3.65 

Number and diameter of steel wires 
(No./mm) 7 / 2.43 7 / 2.43 

Outer diameter of stranded conductor 
(mm) 29.2 29.2 

Aluminium Area (mm2) 469.57 469.57 
Steel Area (mm2) 32.46 32.46 
Total Area (mm2) 502.03 502.03 
Mass of conductor 1556 1556 
Maximum DC resistance of conductor 
at 20°C ( /km) 0.0617 0.07120 
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5.0 Insulators and Hardware 
Porcelain/toughened glass insulators were selected and designed to meet specification 
requirements. The insulator assemblies offer more flexibility, articulation and were designed 
to: 
- provide insulation to meet voltage and switching surge levels  
- provide a specific leakage of 23mm/kV based on maximum system operating voltage 
- provide fog type insulators at special locations (parallel to existing lines) 
- incorporate features (long hot links) to prevent flashovers due to the formation of 

continuous rime ice coating for the entire length of the assembly.  
 

The hardware assemblies were designed to perform following functions: 
- maintain sub-conductors in the required configurations 
- provide specified strength and functions under all loading conditions 
- provide assembly configuration suitable for energised replacement of insulators 
 
For dead-end assemblies, multiple insulator strings were included so that it will not fail in 
case of any one broken insulator string under maximum design load.  

6.0 Weather Cases  
BC Hydro has been monitoring snow and ice conditions on the adjacent existing transmission 
lines which were built in 1960 and 1970. Over the last 50 years, there have been some icing 
events resulting in line outages and design modifications to the existing transmission lines.  
Following the 1998 Quebec ice storm, BC Hydro reviewed ice loading for longer return 
period winds such as a 200-year ice storm. 
Based on the terrain type, elevations and these icing conditions, the new line was divided into 
different sections, each having a unique combination of snow and ice loading.  While some 
sections near Nicola were on flat terrain with 15mm radial ice loading, some sections were 
exposed to 40 to 50mm radial ice thicknesses. There were also a number of spans exposed to 
75mm radial ice.  
Design of the transmission line was consistent with the system design approach as described 
by CSA C22.3 No. 60826:06, Design Criteria for Overhead Transmission Lines. The 
conductor, hardware, structures, foundations and other elements of the transmission line were 
designed to support, without damage, degradation or permanent deformation, the 1-in-200 
year loadings identified in Table 4 and 5 below for the Loading Zone the line passes through. 
 
Table 4: Ice Accumulation for 50 and 200-year return periods 

Load Case Radial Ice, mm 
50-year 

Radial Ice, mm 
200-year 

Conductor 
Temperature (°C) 

I-1 15 20 -20 
I-2 20 30 -20 
I-3 30 40 -20 
I-4 35 50 -20 
I-5 35 50 -20 
I-6 50 75 -20 
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Table 5: Combined Wind and Ice loading for 200-year return period 

Load Case Radial Ice 
( mm) 

Wind Pressure on 
Conductor (Pa)  

Ice Density  
(kg/m3) 

WI-1 15 200 900 
WI-2 15 300 900 
WI-3 15 400 900 
WI-4 35 300 400 
WI-5 40 300 400 

7.0 Clearances   
The minimum ground clearances were determined as per the functional requirements and 
CSA22.3 No.1-10. A design tolerance of 1.4m as per FR was added to the minimum ground 
clearance to account for construction allowance.  
 
Table -6: Minimum Vertical Clearances  

Terrain Feature Clearance  
(m) 

Design 
Tolerance (m)  

Total Design 
Clearance (m) 

Land accessible to pedestrian only1 7.7 1.4 9.10 
Land accessible to vehicles and 
equipment 

9.9 1.4 11.3 

Roads( including forest service 
roads/driveways/parking area) 

16 1.4 17.4 

Logging and mining Roads 21.0 1.4 22.4 
Railways 11.0 1.4 12.4 
Pipelines 9.9 1.4 11.3 

1. Based on 1m snow depth 

8.0 Tower Design  
Table 7 below outlines the strength reduction factors that were adopted for tower loading 
calculations. 
 
Table - 7: Strength Reduction Factors  

 
Load Case 

 

Strength Reduction Factor 

Tangent Angle Strain Dead 
End 

Reliability Load Case 
1-in-50 years ice, 1-in-200 years ice, 1-
200-year wind, 1-in-200 year combined 
Ice and wind  

0.90 0.80 0.75 0.75 

Mean annual condition 0.90 0.80 0.75 0.75 
Construction and maintenance  0.50 0.50 0.50 0.50 
Touch and go 0.67 0.67 0.67 0.67 
Security Load Case 
1-in-50 years CSA differential ice 0.67 0.67   
1-in-200 years unbalanced  ice   0.75 0.75 
1-in-200 years broken wire ice    0.75 
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Special Load Cases 
Towers were designed for construction and maintenance loads including structure erection, 
conductor stringing, conductor snubbing and raising the equipment.  
Tower bridge tops were designed to allow for a helicopter ‘Touch and Go landing’ load of 
450kg applied to the main chord and 200kg applied to the lacing. The top of the bridge was 
designed so that it would not allow a barrel with an 800mm diameter to pass vertically 
through it.   
 
Tower selection 
Considering the varying terrain, self-supporting lattice and guyed towers were selected due to 
their long and proven service history and ease of transportation into the remote areas.  
Seven towers were tested for the ultimate design loads out of a total of twelve new tower 
designs developed for this project. In addition, there were five special towers for the river 
crossing spans and two self-supporting steel poles designed for this line. 
For some locations, the maximum elevation for towers was 1900m. With access limited to 
helicopters only, the operability and maintainability of the new transmission line was the 
most critical parameter in the design.  
The tower loading, geometry, electrical clearances and specific design features were carried 
out as per the functional requirements.  Structural design of the towers was carried out as per 
the ASCE 10-97 requirements and based on the phase configuration; three types of towers 
were developed for this line. These were: 
- Guyed towers (flat top) 
- Flat top self-supporting tower 
- Delta self-supporting tower. 

Figure 1: Outline diagram of guyed, flat top and delta tower 
 
Guyed Towers 
The guyed towers are made up of two lattice steel masts positioned in a v-shape and 
supported on a single foundation at the centre. The guyed masts at the top are linked by a 
bridge to hold the insulators, and the guys provide transverse and longitudinal resistance 
capacity. Each guy was attached to ground level through a guy anchor.  
Guyed towers were designed for 15mm radial ice and considered suitable for flat terrains like 
section 1 as well other locations where they could be easily installed. 



7 
 

 
Flat Top Self Supporting Tower  
Self-supported lattice steel flat top towers were adopted with two exterior conductor phases 
attached to the cross-arms and centre phase to the bridge with insulator strings. 
For the proposed alignment, four tower types were designed for 50mm radial ice zone with a 
375m wind span. These towers with reduced wind span were suitable for spans exposed to 
75mm radial ice. All special structures including major river crossing towers were flat top 
towers with additional taller body extensions and special arrangements including platform 
and ladders to climb the towers. 
 
Delta Self Supporting Tower 
Self-supported lattice steel delta towers were adopted with the tower head forming a closed 
window where the centre phase is located. The outer phases are supported by cross arms 
located at the waist level.   These towers were more suitable where there was a restricted 
corridor  width  and  there  were  restrictions  with  conductor  blowout  with  the  adjacent  spans.  
These  towers  were  designed  for  50mm radial  ice  and  tower  spotting  was  done  with  higher  
wind span with 40mm radial ice.    
For  every  tower,  limiting  spans  and  the  corresponding  design  criteria  was  included  in  the  
PLS-CADD model so that the maximum utilisation could be achieved from the tower design 
capacity. Delta towers were used as Transposition towers also. 
 
Table – 8: Tower Design Summary  

Designation Tower Type Line 
Deviation 

Parameters 
Ruling 
Span 
(m)  

Overall 
Height (m) 

Weight 
(MT) 

Flat Top Towers (Guyed) 
9A Tangent  (0°- 2°) 

375 1 

29 
  

7.0 

9C Light angle (0°- 9°) 29 
  

8.0 

Flat Top Towers (Self-supporting) 
10A Tangent  (0°- 2°) 

 
375 2 

 

 32 
   

15 

10D Suspension 
medium angle  

(0°- 15°)  32 
  

28 

10E Strain (0°- 25°)  27 
   

45 

10J Strain/ 
dead end 

(0°- 45°)/ 
DE 

27  
  

55 

Delta Towers (Self-supporting) 
53A Tangent  (0°- 2°) 

 
400 3 

 46  21  
53C Light angle  (0°- 9°) 46  

  
 23 

53D Suspension 
Medium angle  

(9°- 25°) 46  
  

35  

53J Strain/  
dead end 

(25°- 45°)/ 
Dead end 

43  
  

45 
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Notes: 
1. Ruling span with 20mm ice condition 
2. Ruling span with 50mm ice, with 75mm ice, ruling span was 160m 
3. Ruling span with 40mm ice, with 50mm ice, ruling span was 275m 

9.0 Tower Spotting 
For optimised tower spotting, it was very important to understand the preliminary alignment 
and ice loading requirements so that an overall economy in tower and their foundation 
selection could be achieved.  This understanding resulted in three tower families that were 
designed and adopted for this project.  
Guyed towers are easier to install and were mostly adopted for the flat terrain. These towers 
were not suitable for hilly terrain or locations with long wind and weight spans as these 
towers were not capable of taking unequal guy wire attachment loads. 
The guyed towers were easier and cheaper to install, with smaller foundations. The average 
weight of a guyed tower was around 50% of a similar flat top tower if designed for similar 
loadings. The guy towers need more ROW development width and guy wires were installed 
using precast concrete anchors.  
Flat top towers offer better constructability and are more suitable for the heavier snow and ice 
loadings.  They were designed for areas with a 50mm ice loading as well as for 75mm radial 
ice with reduced span lengths.  As per the specification, for major river crossing spans, only 
flat top towers were allowed to be used considering the need for future maintenance. The 
existing  geometry  of  flat  top  towers  was  used  for  the  design  of  major  river  crossing  spans.  
These towers have good mechanical strength, are suitable for flat and hilly terrain and due to 
geometry, helicopter access is possible. Hence for locations in remote areas, where 
helicopters will be used in future for maintenance purposes, flat type towers were the most 
suitable option. These towers are also good for live line maintenance.   
 
Though Delta towers were heavier, their use offers many advantages over the flat top 
configuration towers. These advantages include: 
- reduced horizontal phase spacing which results in 

 reduced separation from existing circuit (typically 8m reduction) 
 reduced statutory ROW width (typically 16m reduction and associated requirements) 
 reduced clearing widths (typically 10-30% reduction) 
 reduced alienation of land base 

- higher power transfer capability 
- lower EMF values. Reduction of magnetic field by 30% and electric field reduction of 

20% when compared to flat top towers.  
 
At the time of the tower design and finalising the route alignment, the impacts of tower 
design on the operability and maintainability of transmission line was also considered. The 
tower spotting was carried out considering the following factors: 
- operation and maintenance with existing lines 
- live line methods near conductors 
- tower climbing methods like step bolts, ladders and platform for river crossing towers 
- work safe BC requirements 
- fall arrestors 
- helicopter touch and go 
- impact on cattle and other wildlife 
- phase insulation type 
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- minimum number of insulators 
- visual impacts. 

As per Functional Requirements, the existing delta tower designs were used as transposition 
towers. 

10.0 Snow Legs 
Snow legs were designed for locations where ground slope exceeded 15 degrees and snow 
depths were greater than 3m. 
For the design of snow legs, the total snow pressure was calculated using snow force   
divided  by  the  structure  effective  width  to  obtain  a  snow  pressure  values.   Two  possible  
methods of snow application were used and they were the “Swiss” and “Norwegian” 
methods. Since the Swiss method accounts for the sliding and creep effects, the same was 
adopted. 
The snow pressures were applied on the front face of each leg to calculate the snow loads. 
The direction of this pressure was assumed parallel to the ground slope for maximum effect 
and then distributed uniformly on each member.   
The lateral snow pressure was applied transverse, longitudinal and 45 degree directions of the 
tower legs. A load factor of 1.30 in the snow loads derived from the snow pressures to 
accommodate randomness and changeability of snow pressure due to variables such as snow 
density, gliding factor and c-factors. The diaphragm of the tower was always above the snow 
depths. 

11.0 Foundation Design 
A  range  of  foundation  types  were  developed  to  suit  each  tower.  The  selection  of  the  
individual foundation type was based on the actual geotechnical conditions for each tower 
along the line route and the structure load requirements.  
This project is being built in one of the most challenging environments with steep undulating 
terrain. Special mitigation options were designed and adopted for special conditions like 
flood events, snow creep, snow avalanche, rock fall/debris flows, and seismic/soil 
liquefaction. 
In general, four main foundation designs were developed and they are outlined in Table 9 
below. 
 
Table – 9 Foundation types   
Ground Classification Foundation Type 
 Hard rock Rock Anchor 
Soft to soft medium (non-cohesive) Grillage or slab and Pedestal(Class IV) 
Medium to hard  (Cohesive soil) Grillage or slab and Pedestal (Class V) 
Very soft/Organic Soil Pile with Pile cap 

 
Foundation Detailing 
Based on the geotechnical investigation, a series of foundations designs were developed for 
each tower type. For the foundation design, the main focus was to meet the project 
requirements and result in required strength, economy of material, simplicity of design, 
resistance to corrosion, general durability, and ease of construction and ongoing maintenance.  
As per the Functional Requirements, all bolted members below ground are 0.5mm more than 
the main members and all structural steel below ground requires additional sacrificial steel 
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thickness of 3mm and additional 10-15mm of BCH approved epoxy coatings. 
For Guy towers, the guy anchor hardware uses ‘U-bolts and plate’ arrangement to adjust 
tension  in  the  guys.  The  capacity  of  the  guy  wires  and  the  arrangement  was  tested  during  
tower testing, for the ultimate design loads.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
               

Figure 2: Typical Grillage and Rock Anchor foundation 
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