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Executive Summary 
 
In this study, meteorological loads are developed for the HVdc transmission line from Gull Island to Soldiers 
Pond and to Cape Ray. These loads pertain to wind and two types of atmospheric icing (glaze and rime), and are 
expressed as extreme values, both as individual and combined loads. The extreme values were developed from 
previous studies in the area, measurements of icing by Hydro, meteorological loading criteria used by Hydro in 
previous designs, and data from Environment Canada. A Reliability Design Based (RDB) approach, as described 
in Canadian Standards Association (CSA) and International Electrotechnical Commission (IEC) guidelines, was 
used in the development of these extreme values. The reference extreme value for transmission line design is 
normally based on a 50-year return period. These reference values were developed from the available data 
sources for six climatological regions (Figure 1) which cover the entire transmission line route, as determined in 
WTO DC1050 and WTO DC1060. Depending on the topographic diversity and complexity of these six regions, 
the resulting extreme value loads were further divided over shorter sections of the line route within each region 
to allow for various topographic effects on wind and icing accumulation. Thus, for a single region, a number of 
extreme value loadings can apply.  

In the report, the extreme values are presented for 50, 150, and 500-year return periods, as recommended in the 
CSA and IEC guidelines. The 150 and 500-year values are determined from the (reference) 50-year value by using 
accepted extrapolation factors. The icing values so determined are then modified to allow for the effects of 
changes in topography on the ice accumulation. This amplification analysis, which is a methodology developed 
from icing studies in Québec, entailed a detailed assessment of the topography within each of the six regions by a 
meteorologist to determine suitable amplification factors.  The extreme value loads are presented separately for (i) 
glaze icing, (ii) rime icing, (iii) wind, (iv) glaze and wind combined, and (v) rime and wind combined. The 
combined 50-year return period ice and wind value is determined from the 5-year icing value with 70 percent of 
the maximum hourly wind speed, as recommended in the guidelines.  In the tables included in this summary and 
in the main text of the report, the unamplified values are representative of each of the six regions. The amplified 
values are shown as a range over each region. The complete details are included in Appendix D. 

A brief review of the literature on ice accretion modeling was also carried out. This review served to point  out 
some of the vagaries and shortcomings of these models as tools for developing design loads but also to indicate 
reasonable agreement in the case of some of the models with observed ice accumulations. Previous studies of a 
HVdc line from the Lower Churchill development used one of the more accurate models to estimate 
meteorological loads, and the current study used that earlier work to develop the reference loads over some of 
the line. 

The following observations and conclusions may be drawn from the study: 

1. The proposed transmission line will traverse a wide range of meteorological conditions, and different 
design meteorological loads will be necessary for different sections of the line. 

2. Parts of the line may experience icing that is unprecedented for major transmission lines worldwide; 
it will be necessary to carefully route the line to minimize such loads. Additionally, de-icing methods 
may have to be employed. 

Muskrat Falls Project - Exhibit 92 
Page 6 of 102



  
 Newfoundland and Labrador Hydro  - Lower Churchill Project

DC1070 - Preliminary Meteorological Load Review
Final Report - August 2008

 
 

  PRH325967.10092, Rev. 0, Page vi
  
 

3. The design loading in parts of the route through the Long Range Mountains will be due to a 
combination of rime and wind; the maximum combined load for the reference 50-year return period 
is 200 mm of ice and 105 km/h of wind. 

4. The choice of return period (and associated extreme values) for design purposes depends on the 
reliability required of the transmission line. While the guidelines provide recommendations based on 
the voltage and strategic nature of the line, ultimately the owner will decide an appropriate design 
philosophy based on a risk assessment.  

5. Prior to final design, wind measurements should be acquired to improve the understanding of 
topographic effects in the more critical, localized areas and thereby improve the confidence in the 
values chosen for design purposes. 

 
Table 1 

Glaze Loads (PIL) in mm radial by Region (Density = 0.9 g/cc) 

Climatic Regions 

Return Period (Years) C1 C2 C3 C4 C4A C5 C6 

50  35 75 75 75 60 75 75 

150 42 90 90 90 72 90 90 

500 49 105 105 105 84 105 105 

Amplification range due to 
topography for 50-year 

reference 
38-70 83-131 83-206 83-131 69-105 83-113 83-94 

 

Table 2 
Rime Loads (ICIL) in mm radial by Region (Density = 0.5 g/cc) 

Climatic Regions 

Return Period (Years) C1 C2 C3 C4 C4A C5 C6 

50  70 100 100 70 70 100 120 

150 84 120 120 84 84 120 144 

500 98 140 140 98 98 140 168 

Amplification range due to 
topography for 50-year 

reference 
88-123 100-175 100-200 70-123 70-123 100-125 120-150 
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Table 3 
Maximum Hourly Winds in km/hr by Region 

Climatic Regions 
Return Period (Years) C1 C2 C3 C4 C4A C5 C6 

50  100 155 150 130 145 140 150 

150 110 171 165 143 160 154 165 

500 120 186 180 156 174 168 180 

 

Table 4 
Combined Glaze and Wind Loads by Region 

Climatic Regions 

Return Period (Years) C1 C2 C3 C4 C4A C5 C6 

50  18/70 38/109 38/105 38/91 30/102 38/98 38/105 

150 21/77 45/120 45/116 45/100 36/112 45/108 45/116 

500 24/84 52/130 52/126 52/109 42/122 52/118 52/126 

 
 

Table 5 
Combined Rime and Wind Loads by Region 

Climatic Regions 

Return Period 
(Years) 

C1 
mm/km/h 

C2 
mm/km/h 

C3 
mm/km/h 

C4 
mm/km/h 

C4A 
mm/km/h 

C5 
mm/km/h 

C6 
mm/km/h 

50  39/70 55/109 55/105 39/91 39/102 55/98 66/105 

150 46/77 66/120 66/116 46/100 46/112 66/108 79/116 

500 54/84 77/130 77/126 54/109 54/122 77/118 92/126 
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Figure 1 
Climatic Regions C-1 to C-6 
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1. Introduction 
1.1 Background and Purpose 

Newfoundland and Labrador Hydro (Hydro) is undertaking preliminary engineering studies of the 
development of the hydroelectric potential of the Lower Churchill River at Gull Island and Muskrat Falls.  
These sites are located downstream 225 km and 285 km respectively from the Upper Churchill 
hydroelectric facility that was developed in the early 1970’s. The total potential capacity at the two sites 
is approximately 2,800 megawatts (MW), the Gull Island site being the larger at 2,000 MW.  

In addition to the development of these sites, the overall concept includes various potential alternative 
power transmission arrangements involving combinations of HVac and HVdc lines of various capacities.  

In April 2007, NLH contracted Hatch Ltd. of St. John’s to undertake a program of studies to address 
aspects of this development, relating primarily but not exclusively, to hydrology/hydraulics and 
transmission components. Approximately thirty such studies have been carried out by Hatch and its 
associated sub-consultants, RSW of Montreal, Statnett of Oslo, and TransGrid Solutions of Winnipeg. The 
program has been managed from Hatch’s office in St. John’s using the company’s project management 
tools and a project services team that has liaised throughout with a similar group in Hydro.  

The Lower Churchill Project (LCP) transmission system is proposed to comprise of a double circuit 
230 kVac line, single circuit 735 kV lines, and bipolar HVdc lines (Figure 1-1).  The HVdc lines will 
connect the Gull Island Converter Station to those at Soldiers Pond and other markets.  

The purpose of this WTO was to review the HVdc line routing from a meteorological perspective and to 
recommend appropriate icing and wind loadings to be used in the design of the line, as addressed in 
WTO DC1080. 

1.2 Interrelation with other WTO’s 

This WTO was carried out in conjunction with the following studies also being performed for the LCP.  

• Corridor Selection and Construction Infrastructure – Gull Island to Québec Border (WTO AC1130). 

• Corridor Selection and Construction Infrastructure – Gull Island to Soldiers Pond (WTO DC1050). 

• Corridor Selection and Construction Infrastructure – Taylors Brook to Cape Ray (WTO DC1060). 

• Tower Type Selection (WTO DC1080). 
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Figure 1.1 - Key Plan 
(New Brunswick option shown) 
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1.3 Approach to the Work 

In general, the approach to the work was to: 

• review previous meteorological loading studies for the area; 

• update these studies from a review of more recent data and analytical methods;  

• review and incorporate Hydro’s experience with icing measurements and design approaches; 

• include observations from a field reconnaissance during this study, and; 

• derive meteorological loading criteria using these sources and appropriate return period values for 
the different line sections. 

The work was led by RSW, who were supported by meteorological sub-consultants experienced in the 
study of the behavior of icing and wind on high voltage transmission line systems. Additionally, 
Environment Canada services were engaged to do an updated extreme value analysis of wind, 
precipitation and air temperature data over periods ranging from 17 to 53 years, from weather 
monitoring stations across Newfoundland and Labrador. A review was also carried out of ice modeling 
approaches and the influence of topography and existing line design standards, including CSA and IEC 
most recent editions. 

1.4 Terminology 

The IEC uses the term “atmospheric icing” for a number of processes in which water in various forms in 
the atmosphere freezes and adheres to objects exposed to the air. There are in general two types:  

• precipitation icing; and 

• in-cloud icing.  

 
The former may occur in the form of freezing rain or wet snow accretion.  

Freezing rain occurs when raindrops or drizzle fall from a warm upper layer of air through a colder layer 
at a lower elevation. The supercooled drops freeze on contacting an object at air temperature, and the 
resulting accretion is a clear solid ice called glaze.  

Wet snow accretion, which is of lesser concern and not normally a design consideration in 
Newfoundland, may occur if the air temperature is low enough to cause freezing of the accumulated wet 
mass of snow.  

In-cloud icing or rime is that resulting from the freezing of supercooled water droplets in fog or a cloud, 
normally a feature at high elevation. The formation may be hard or soft rime depending on the 
characteristics of the droplets and the prevailing meteorological conditions. The density of hard rime 
may be two to three times as much as that of soft rime.
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2. Review of Previous Work 
Since the early 1970’s, Hydro companies (NLH, CF(L)Co, Lower Churchill Development Corporation) 
have conducted studies relating to the development of the Lower Churchill River hydroelectric potential 
and the construction of a HVdc transmission line to the island of Newfoundland. Other relevant studies 
have also been carried out in relation to the existing transmission lines from the Upper Churchill. This 
section of the report reviews this body of work and summarizes the findings in terms of meteorological 
phenomena and loadings. 

2.1 MRI Studies 

Meteorological Research Inc. (MRI) of California carried out the earliest, and perhaps still the most 
definitive, study of meteorological loadings on a proposed HVdc transmission line system from Labrador 
to the island of Newfoundland. (MRI,1973). The study, which addressed a route from Gull Island to 
Holyrood (Soldiers Pond) and Stephenville, consisted of a field survey, climatological study, and analysis 
of data and application of the results to the proposed route. MRI used the precipitation, wind and 
temperature data available at that time from a number of weather stations and an in-house simulation 
model to derive maximum radial ice thicknesses for 10, 25, 50 and 75-year return periods. The 
transmission line route was divided into loading regions or segments, and some of these were further 
subdivided. The values resulting from the extreme value analysis were then adjusted for route segments 
based on exposure and known incidents of icing. The simulated ice loading table developed by MRI is 
presented in Table A.1 in Appendix A for the 11 route segments (Figure A.1) from Gull Island to 
Holyrood  for the 50-year return period.  

The principal conclusions arising from the study were: 

• The heaviest accumulations of glaze icing will occur in eastern Newfoundland (near the Isthmus of 
the Avalon), along the high terrain of the Great Northern Peninsula (Long Range Mountains), and 
near the Strait of Belle Isle. The calculated 50-year return period radial glaze ice thickness for each of 
these areas was 110 mm, 110 mm, and 100 mm, respectively. 

• These areas are also vulnerable to heavy accumulations of rime icing with the Long Range 
Mountains area being the most susceptible. The calculated 50-year return period value for rime icing 
in this area at elevations greater than 365 m was 240 mm. In the area of the Isthmus, the value was 
157 mm; and for the coast of the Strait of Belle Isle, including 50 km inland on the Labrador side, the 
value was 170 mm at elevations greater than 150 m.  

• When icing and wind were combined, glaze ice loadings were higher in all cases except for those 
locations with elevations greater than 365 m, because of the higher density of glaze ice. 

• For the three areas noted above, the 50-year wind and ice combined values were: 

 Isthmus of Avalon: 128 km/h hourly wind speed and 86 mm of glaze 

 Long Range Mountains (365 m to 550 m): 128 km/h and 173 mm of rime 

 Strait of Belle Isle (<150 m): 122 km/h and 71 mm of glaze 

(>150 m and <457 m): 122 km/h and 112 mm of rime 
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• Both glaze and rime icing may stay on conductors for several days. 

• While wet snow accumulations can be heavy, notably in the Strait of Belle Isle area, loadings would 
not be large enough to be the limiting design value. 

• High wind speeds will occur both during and following icing events. 

• The extent of line affected in any one icing event will depend on the location and orientation of the 
storm system. Heavy loadings may occur over extensive areas; however, extreme value loadings will 
be localized and limited to a few kilometers of line and usually to a few spans. 

• A program of remote instrumentation for measurement of wind and icing in the most critical areas of 
the route was recommended. 

• A study of sea salt contamination of power lines was recommended. 

MRI considered ground elevation as a factor in their modeling of precipitation icing and rime icing. 
Besides looking at ground elevation as a key factor for in-cloud icing, MRI took into account local 
geographical and topographical effects. MRI had operated four instrumented sites in 1975 and had been 
involved in line routing analysis up to the end of 1979 (ref. 31). 

Elevation was also a factor for extrapolating wind speed from the airport measurements to the line route. 
Topography is now known to be a significant factor in icing, as explained in reference 1-  section 5.2 
"Variation of ice thickness with topography". Freezing precipitation is affected by topography which can 
lead to a lifting of moist air, which as it moves faster and cools down, leads to an increase in the liquid 
water content (LWC) and in the droplet size. In-cloud or rime icing may also be affected by topography 
as changes may lead to greater wind speeds which would tend to accelerate rime formation. 

MRI also carried out a separate study in 1973 following an icing storm that caused a failure of a Hydro 
Québec transmission line west of Sept-Isles. This study also covered the 735-kV line from Churchill Falls. 
Data from Schefferville were used for the northern section of the line and from Wabush for the southern 
section. The extreme ice loadings were calculated to be 48 mm for the northern section and 53 mm for 
the southern section for a 50-year return period. The maximum wind for both sections was 115 km/h. No 
values were provided for the combined effect of ice and wind.  

2.2 RSW Studies 

As a part of a review of the ac transmission lines in western Labrador for Hydro and CF(L)Co., RSW 
developed icing loads in three separate studies (RSW, 1995, 1999a, 1999b). The 1995 study, which was 
concerned with establishing a maximum foreseeable loss for the 735-kV line from Churchill Falls, used 
predicted ice and wind loads from Environment Canada and actual ice measurements from Hydro- 
Québec’s passive ice meter observation program. The values proposed by Environment Canada for the 
entire line were separate ratings of 18 mm of ice and 90 km/h of wind for a 50-year return period and 
22 mm of ice and 96 km/h of wind for a 150-year return period.  

(Note : Environment Canada values taken from the ice map included in the CSA  document are point 
loads and must be multiplied by 1.5).  
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Based on Hydro-Québec data, RSW recommended separate ice thicknesses and wind speeds of 35 mm 
and 90 km/h for a 50-year return period and 40 mm and 110 km/h for a 150-year return period. The 
recommended combined loading values were 18 mm of ice with 67 km/h of wind for 50 years and 
40 mm of ice with 82 km/h of wind for 150 years. Note that in the case of the uncombined loads, the 
Environment Canada values are significantly lower than those determined from the Hydro-Québec data 
as well as the predicted values from the MRI study of the same line in 1973. The modeling approach 
used by Environment Canada is believed to be based on Chaine and Skeates (1974).  

In RSW 1999a, there is an extensive discussion of transmission line icing with application to the 
development of additional Extra High Voltage (EHV) ac transmission capability in Labrador. Aspects of 
both glaze and rime icing are addressed, and design ice and wind loading values are determined from an 
analysis of Hydro Québec ice meter data and modeling based on Environment Canada data for selected 
weather stations. The results are also compared with MRI’s work of 1973. The latter was found to 
overestimate ice accumulation alone, when compared with both the Environment Canada and Hydro-
Québec values. The loadings recommended by RSW for combined ice and wind ranged from 11 mm 
and 68 km/h for a 50-year return period to 17 mm and 84 km/h for a 500-year return period. Of the three 
operating lines from the Churchill Falls plant, the 230-kV and 735-kV lines (in operation for more than 
35 years) were designed to an equivalent of 30 mm of radial ice (without wind), and the 138-kV line (in 
operation for more than 25 years) to 38 mm of ice. 

RSW 1999b is a study of an upgrade to the 735-kV structures to accommodate icing of the overhead 
ground wire (OHGW) based on two icing events in late 1995 and 1997. In the December 1995 event, a 
combination of glaze ice followed by wet snow and rime resulted in an accumulation of between 
5.5 kg/m and 6.5 kg/m on a ground wire and the detachment of a wire due to broken U-bolts at the 
tower connection. In the December 1997 event, an initial accumulation of glaze ice was followed by 
accumulations of rime over a three-week period during which time very little ice was shed from the 
lines. Observations by work crews suggested that a 75 mm of radial in-cloud icing may have 
accumulated on the ground wires. 

2.3 Monitoring Programs 1977-2002 

During the ten years from the fall of 1977 to the summer of 1987, Hydro operated a meteorological 
network to obtain climatic information and data related to the HVdc line project from Gull Island. This 
data gathering network was equipped with Passive Ice Meters (PIM), Rosemont Ice Detectors (RID), 
Anemometers and a Test Tower Site (TTS) for measuring glaze and rime icing events. There were 22 PIM 
stations in operation during the program as detailed in Table 2.1 (No information was available for the 
first year of operation.) These monitors were installed on the island of Newfoundland and in southern 
Labrador. Also, from the fall of 1999 to the summer of 2002, a monitoring program was in place at 
Gull Island. These programs and Hydro’s experience with icing over a 20-year period are addressed in 
Haldar (2007). 

Muskrat Falls Project - Exhibit 92 
Page 15 of 102



  
 Newfoundland and Labrador Hydro  - Lower Churchill Project

DC1070 - Preliminary Meteorological Load Review
Final Report - August 2008

 
 

  PRH325967.10092, Rev. 0, Page 2-4
  
 

Table 2.1 
Instruments for the Climatological Monitoring Program (1977 to1987) 

Seasons PIM RID TTS Anemometer* 
1978-1979 28 3 14 4 

1979-1980 30 3 19 4 

1980-1981 29 2 18 5 

1981-1982 29 1 18 4 

1982-1983 22 0 18 3 

1983-1984 22 0 25 2 

1984-1985 22 0 17 0 

1985-1986 22 0 23 1 

1986-1987 22 0 22 1 

* The anemometer data was of poor quality and has not been used in this evaluation. 

Passive Ice Meter Network (PIM) 

For the PIM network, four stations were located in Labrador and the others were located in 
Newfoundland, mainly in inhabited areas, and were monitored by trained observers.  All analyzed PIM 
data were taken from annual reports, from the fall of 1978 to summer 1987 (9 seasons). The 1977/1978 
report was not available. The basic premises for the program are defined in the first report, but it is 
assumed that Hydro used the same passive ice meter as Hydro-Québec, and all measurements are 
assumed to be taken in the same way as for the Hydro-Québec PIM network. All ice measurements are 
assumed to be ice diameter, observed on a 25 mm diameter cylinder.  Using corrections factors (Fc) of 
0.7 for glaze without icicles, and 1.1 for glaze with icicles (developed by Hydro-Québec over the last 
30 years), the maximum radial ice was estimated at each station for each season.  (See Figure 2.1). 

 

Figure 2.1 
Passive Ice Meter used by Hydro-Québec 
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The radial ice thickness (t in mm) on the conductor is determined by the following formula: 

        t = Fc  (Di – Dt) 

Di = total ice diameter measured on the passive ice meter 

Dt = tube diameter = 25 mm 

Fc  correction factor  

Table B-1 in Appendix B provides the measured maximum glaze, and Table B-2 gives the calculated 
maximum radial ice in mm using the corrections factors. Of the 29 PIM stations, 15 have nine seasons of 
observations. Eight stations measured more than 25 mm of radial ice between the fall of 1978 and the 
summer of 1987; namely, Hampden (53 to 58 mm), Point Amour (45 mm), Yankee Point (45 mm), 
Goose Bay (14 to 35 mm), Springdale (7 to 35 mm), Buchans (32 mm), Gander (28 mm), Plum Point (28 
mm) and Harbour Deep (27 mm).   

Although the data set is small, it was plotted using the Gumbel extreme value curve making a grouping 
of two sets with three stations (Plum Point – Hawkes Bay – Harbour Deep) and (Hampden – Buchans – 
Springdale)1. The result is illustrated in Fig. B-1.  The distribution established for Plum Point – Hawkes 
Bay and Harbour Deep gives 50 mm for a 50-year return period, 63 mm for a 150-year return period and 
77 mm for a 500-year return period. The distribution for Hampden – Buchans – Springdale gives 77 mm, 
95 mm and 114 mm for the same return periods.  

Hydro closed their PIM network in 1987, after ten years of operation, so the data collected is statistically 
of low value. However, the ice thickness distributions as plotted are acceptable as initial estimates of the 
50-year return period icing loads, especially in the Long Range Mountains and in the area of White Bay, 
where the Taylors Brook substation will be located. Although PIM data was not checked for quality over 
the program, it is used as a source of information for the present study. Unexplained geographical 
variations in ice loads in areas well known for heavy loads illustrates the high degree of spatial and 
temporal randomness of precipitation icing.   

Rosemont Ice Detectors (RID) 

Rosemont Ice Detectors were installed at three stations and they operated for four seasons.  The 
maximum ice accumulation measured from these detectors is presented in Table B.3. For the RIDs at 
Yankee Point (located close to Strait of Belle Isle) and for the RID at Sunnyside (located at the beginning 
of the Avalon Isthmus), there was very little measured ice accumulation during the program.   

                                                      
1 This type of exercise was done by Hydro-Québec to produce The Québec Glaze Atlas.  With 133 PIM stations, 
they did 236 triads.  The period of data was 25 years from 1975 to 2000.  They did so because the power line ran 
across the province through different climates.   
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At Four Mile Pond station, located on the Avalon Peninsula near the Holyrood substation, the last three 
years of measurements give inconsistent data, especially for the season 1980/1981.  In the 1979/1980 
report, it is mentioned that problems were encountered with the recorder during the season, and it is 
most probable that there were problems with this instrument during the last two years also.   

Because of the very short period of observation, only four seasons, and because of the doubt that 
surrounds this data, the RID data was not used in this study.   

Test Tower Site Network (TTS)  

The TTS network included 14 sites at the beginning of the program increasing to 25 during the season of 
1983/1984 (Appendix B – Table B-4), and these sites were visited on a monthly basis. Two stations were 
located in Labrador (L’Anse au Loup 4 and L’Anse au Loup 4a), one at Sheffield Lake in Newfoundland, 
and six were located in the Long Range Mountains area. Table B-4 presents data for glaze and rime ice 
from test tower sites close to the line routes (locations are given in maps in Appendix B). The site 
registering the most hard rime is Portland Creek 2, on February 6, 1982, with 915 mm (total thickness) 
reported on the tower.   

The Portland Creek sites were located at over 500 m above sea level and, for the most part, at the top of 
mountains, where they were exposed to in-cloud icing.  There were six different sites, 2, 2a, 2b, 2c, 2d 
and 2e, and four (2, 2a, 2b and 2d) registered extensive hard rime ice. During virtually every season of 
the program, at least one site registered between 200 and 300 mm of hard rime.   

Although the Portland Creek sites were more affected by hard rime ice, some glaze was also registered.  
In February 21, 1979, the Portland Creek site 2a registered 65 mm of glaze ice on the tower.  In 
March 16, 1981, the Portland Creek site 2d registered between 75 and 175 mm of glaze on the ground, 
but there was no data indicating glaze on the tower or on the guys.  Also, on December 14, 1984, the 
Portland Creek site 2 registered 450 mm of pendant glaze. On February 13, 1985 the Portland 2b 
registered 760 mm of rime on the tower.  

At the Sheffield Lake site, located 410 m above sea level, on February 16, 1979, between 50 and 65 mm 
of ice was registered on tower legs while the tower top was encased in 150 to 200 mm of ice.  This Test 
Tower Site is located 25 km southeast of the Hampden PIM station, where between 53 and 58 mm of 
radial ice was registered. This is assumed to be glaze ice. 

The sites in Labrador, L’Anse au Loup 4 and 4a, located between 475 and 520 m above sea level, 
registered glaze and hard rime ice, with between 50 and 65 mm of glaze three times during the program.  
They also registered 300 mm of hard rime on April 13, 1981, and 450 mm of rime on March 8, 1984.  

The TTS network program, even with a short period of observation and  incomplete coverage, has 
provided an excellent indication of variations of glaze and rime ice in mountainous areas through which 
the HVdc line will pass. Butt (1986) used the available data to develop an extreme values analysis 
which, although not statistically valid, gives valuable information about the effect of elevation, 
geography and topography on both precipitation and in-cloud icing (see Table B-4a and Figure B-2). The 
TTS program shows that the icing climate of the region may be unique in the sense that both 
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precipitation and in-cloud icing may occur within the same period of time. It is thus necessary to 
combine these two types of ice loads. Deposits of high density have been observed at monthly site visits, 
and the icing events are frequent and intense with some events occurring at many sites on a given 
month, indicating extensive atmospheric systems. This information is critical for evaluating localized ice 
loads and for analyzing failure risk of different proposed line routes.  

Monitoring at Gull Island 

The program at Gull Island included a meteorological station and two ice monitoring stations installed 
by Hydro-Québec and Hydro from 1999 to 2001.  The meteorological station included active and 
passive ice sensors.  A second passive ice sensor was also installed at Peak’s Hill located approximately 
10 km northwest of the Gull Island site.  C–CORE was engaged to run the program and prepare reports 
for each year.  Two of the three reports were available for review in this study. Over two seasons, eight 
icing events were recorded, the worst of these being in early May 2000 during which 10 mm of ice was 
observed over a 21 hour period. In the remaining seven events, the thickness ranged from less than 
1 mm to 4 mm.  

2.4 Comparison of Icing Values 

Table 2.2 shows a rough comparison of the measured icing data from these programs with the projected 
values (mm) from the MRI study for three approximately similar regions. Note also that the extreme value 
analysis mentioned above for the Buchans-Springdale-Hampden (BSH) section suggested a 50-y return 
period value of 77 mm for glaze icing based on the nine years (maximum) of data. While drawing 
definitive conclusions from a short data set is not recommended, it does appear that the MRI extreme 
values, while being more conservative than the projection from the PIM data, are reasonable for glaze 
icing.  However, the values for rime are significantly below the measured values in the TTS program. A 
design approach to accommodating such large values for rime icing is addressed in Section 5. 

 
Table 2.2 

Comparison of PIM & TTS data with MRI 50-yr Extreme Values 

PIM max TTS max MRI 50-yr value Climatological 
Region 

mm yrs mm yrs Glaze Rime 
C2 Strait Of 
Belle Isle 45 8 450 (rime) 5 97 145 

C3 Long Range 
Mountains 21 9 760 (rime) 8 112 240 

C4 Buchans-
Springdale-
Hampden 

58 9 200 1 91 40 

(C2, C3, C4 refer to climatological regions as described in Section 5.4)
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3. Ice Accretion Modeling 
When there is insufficient icing data from actual freezing precipitation events to develop extreme values 
for design purposes, one may use numerical models that predict ice thicknesses based on a variety of 
meteorological variables that exist during the icing event; i.e. the model hindcasts the ice accretion from 
the meteorological data. A description of twenty such models is given by Henry (1987).  

For the most part, only limited testing of these models has been done by comparing them with actual ice 
accretion events. Tests reported in the literature often show conflicting results in terms of the accuracy 
with which the models predict actual icing thicknesses. For example, of nine models tested by Yip and 
Mitten (1991), the Chaine and Skeates (C&S) model was found to be the best at determining glaze ice 
accretion. However, work reported by Haldar et al (1996) showed that this model vastly over-predicted 
the actual ice accretion in a CEA (Canadian Electrical Association) study of three ice test sites in Canada, 
while models by MRI (1977) and Makkonen (1984) provided closer and reasonable agreement. And in 
work by RSW (1999), it was found that the C&S model under-predicted ice accretion when compared 
with experience on Hydro-Québec lines, and the design load was increased accordingly. Thus for this 
one model, three sets of tests show reasonable agreement in one case but significant under-prediction 
and over-prediction of actual ice accretion in the others. The model, which was developed in the early 
1970’s (Chaine and Skeates, 1974), is probably the most familiar model in Canada as it has been used for 
many years by the Atmospheric Environment Service of Environment Canada.  

Makkonen (1996) reviewed the conceptual development of ten models and suggested that, while three 
of the ten were expected to be “good” in their prediction of ice accretion under moderate conditions, all 
would be only “fair” to “poor” in predicting ice accretion under extreme conditions. He then proposed a 
more comprehensive model based on his prior model as referenced above.  

Jones (1996) used icing data from 169 freezing rain storms over a period of 44 years (at Springfield, 
Illinois) to compare the CRREL (Cold Regions Research and Engineering Laboratory), Makkonen, C&S, 
and MRI models with a so-called Simple Model developed by the author. The paper provides useful 
information on how the models treat the various meteorological and process parameters to explain the 
differences in their handling of the icing process for accretion on a cylinder. All of the models use at least 
three weather parameters: precipitation rate, wind speed, and present weather code which indicates 
whether the precipitation is freezing rain. The four detailed models also require air temperature data 
whereas Jones’ Simple Model does not. All models are also based on the development of a uniform 
radial ice thickness on a cylinder. The MRI model uses the fall speed of rain drops, and the CRREL model 
uses the hourly dew point temperatures, atmospheric pressures and solar radiation fluxes. While all four 
models also require the user to specify the diameter of the cylinder on which the ice accretes, Jones 
found that only the C&S model showed a significant dependence of ice accretion on the cylinder 
diameter (larger thicknesses on smaller cylinders); the other three showed almost no relationship 
between the ice thickness and the diameter. Jones’ model is also independent of cylinder diameter. (This 
dependence of the ice thickness on cylinder diameter in the C&S model may help explain what appear 
to be contradictory results in the work mentioned above, if the ice were accreting on objects with 
different diameters.)  
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In her comparative tests, Jones found that the CRREL and MRI models predicted somewhat less ice than 
her Simple Model because the latter assumes that all of the precipitation impinging on the cylinder will 
freeze whereas the others allow water that does not freeze immediately to drip off. And the MRI model 
typically would predict less ice than the CRREL model because the latter allows some of the excess water 
to freeze as icicles. The differences would thus be greater at higher precipitation rates. The Makkonen 
model agreed more closely with Jones’ model because the algorithm for the former also assumes that 
most of the impinging rain is frozen directly or is incorporated within the ice mass. Additionally, Jones 
notes that the heat transfer coefficient in the Makkonen model is high for typical freezing rain conditions 
and is more appropriate for rime icing. The C&S model was found to predict significantly larger ice 
thicknesses than the other models, and the author questions some of the model assumptions.  

An additional comparison test reported by Jones relates to hindcasting of a single 10-h freezing rain 
event on a 2.65 cm diameter cylinder at CRREL’s facility in February 1995. The equivalent radial ice 
thickness corresponding to the measured ice mass was 0.20 cm. Jones’ simple model and the CRREL, 
Makkonen, and MRI models all hindcast a uniform radial ice thickness of 0.19 cm while the C&S model 
ice thickness was 0.40 cm, or twice as much as the actual thickness.  

Thus to summarize: 

• There are a large number of mathematical ice accretion models, and their predictions of accretion 
may vary significantly. A limited amount of comparison in actual icing events also demonstrates 
differences in model prediction and observed ice accumulation from one model to another. 

• The C&S model, which has been used most frequently in Canada, also provides conflicting results in 
predicting ice thickness within the one model; this may be due in part to the different diameters of 
cylinders (or conductors) existing in the various cases since this model shows a strong relationship of 
ice accumulation to the cylinder diameter.  

• Of the models described here, Jones’ so-called Simple Model and the Makkonen model may over-
predict ice thickness because all of the impinging rain is assumed to freeze (in both) and the heat 
transfer coefficient may be high (in the latter). 

• The CRREL and MRI model show the closest agreement, although the former may predict somewhat 
greater ice accumulation since some excess water is allowed to freeze as icicles. 

• All of the models are based on the development of a uniform radial ice thickness on a cylinder. The 
CRREL model with its icicle algorithm allows for a variation on this uniform treatment. 

 
Based on this comparison, the most realistic models appear to be those by CRREL and MRI with Jones’ 
and Makkonen’s models providing somewhat more conservative results. The advantage of Jones’ model 
is in its ease of use and dependence on only a few meteorological parameters while being able to 
provide reasonable results. In the context of the present study, the results of this brief review of icing 
models lends support to the use of the prior work by MRI in the study area and, in particular, the use of 
the MRI modeling results in helping to determine appropriate ice loadings for this new work.   
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4. Overview of the Climate in the Study Area 
4.1 General 

In Environment Canada’s publication titled “The Climate of Canada”, Newfoundland is shown to be the 
home of a fascinating array of climates and weather, with many of the features of the province’s climate 
explained by its unique geography. There are few physical barriers to protect Newfoundland from 
weather systems that sweep across it, and its situation on the eastern side of North America favours 
strong seasonal contrasts in the air masses. Climatically, Newfoundland is the most maritime of the 
Atlantic Provinces, and this maritime climate results, generally, in more changeable weather with ample 
amounts of low cloud, heavy precipitation, and strong winds.   

Newfoundland is one of the stormiest parts of the continent with some of the most variable weather, and 
the strongest winds of any province in Canada, with average annual wind speeds greater than 20 km/h.  
Generally, coastal stations have stronger winds than inland stations, valleys have lighter winds than 
elevated terrain, and winter is decidedly windier than summer.  Winds are predominantly from the west 
year-round, but variations are common both from location to location and from month to month.  
Prevailing wind directions are west in winter and west-southwest in summer.  Calm or light wind occurs 
about 2 to 3% of the time along the coast but more than 10% of the time inland.   

Freezing rainstorms also tend to be more frequent in Newfoundland. The area between St. John’s and 
Gander is especially prone to prolonged periods of freezing precipitation that may last for several hours 
or intermittently for two days or more.  Freezing rain or freezing drizzle occurs an average of 150 hours 
each winter, with March being the most severe.  

Labrador’s climate is more continental than maritime, because it is on the eastern side of the continent, 
so it experiences strong seasonal contrasts in the characteristics and movement of air masses. The 
predominant flow is off the land. The rugged Torngat Mountains in the north, with peaks above 1500 m, 
and the Mealy Mountains in the south, with peaks about 1200 m, confine the moderating influence of 
the Atlantic Ocean largely to the coastal regions.  Compared with the maritime climate of the east coast 
of Labrador and the Québec north shore of the Gulf of St. Lawrence, the continental climate of the 
interior is characterized by much colder winters and warmer summers.  

4.2 Meteorological Data 

The primary period of interest throughout the study area is November through April since this is the 
period during which icing may occur. In Labrador, this period could extend by a month on each end. 
The brochure “Climate Normals, 1971 – 2000” published by Environment Canada was analyzed for 
temperature, precipitation, and wind data to update the data base used in the MRI study of 1973. 

4.2.1 Temperature and Precipitation 

The mean temperature in Newfoundland does not go below -10 °C from November to April except on 
the Northern Peninsula.  In the eastern part of the island, especially on the Avalon Peninsula, the mean 
temperature is -5°C (Table C-1). The mean temperature in Labrador is much lower, with Wabush, in 
central Labrador, having a mean temperature below -18°C from December to February. The mean 
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temperature is -22.7°C in January and between -5.0° and -13°C for November, March and April.  At 
Goose Bay, the weather is somewhat affected by the climate off the coast and the mean temperature is 
higher than in central Labrador.  In January, the coldest month, the mean temperature is -18.1°C.  Along 
the coast of Labrador (Cartwright) and the Québec north shore (Blanc-Sablon), the mean temperature 
never drops below -15°C from November to April. 

In Newfoundland, rainfall is present during each month from November to April, with over 50 mm of 
rain each month in the southern and the eastern part of the island, and between 30 and 50 mm for the 
rest of the island, except on the Northern Peninsula (St. Anthony and Daniel’s Harbour) which receives 
less rainfall (10 to 35 mm).  (Table C-1 – Appendix C). 

The eastern and the southern parts of the island have between 5 and 15 days of rain each month, with 
between 3 and 10 days for the rest of the island, except for St. John’s and Gander which have almost 10 
days of rain each month. In Labrador, rainfall is almost absent between December and March, with less 
than 10 mm of rain, and between 2 and 4 days of rain per month.  

For the whole island, there are at least two days of freezing rain each month from December to March, 
except for St. John’s and Gander which have between 4 and 9 days per month of freezing rain, almost 
50% of the days when rainfall occurs.  In Labrador, there are between 1 and 3 days of freezing rain.  

4.2.2  Mean Annual Wind Speed 

In Newfoundland, most stations record average annual wind speeds greater than 20 km/h 
(Table C-2).The mean wind speed from November to April is higher along the coast, especially in the 
southern part of the Island (25 to 30 km/h).  Bonavista, on the east coast, is the windiest location with 
winds of between 30 and 40 km/h, and inland (Deer Lake and Gander) the winds are between 15 and 
25 km/h.  The prevailing direction for the whole island is mainly west from November to April.   

In Labrador, the wind is essentially from the west from November to April and the average speed is 
around 15 km/h.  Along the coast of Labrador (Cartwright) and the Québec north shore (Blanc-Sablon), 
the average wind speed is between 20 and 25 km/h; the prevailing direction is from the south at 
Cartwright and from the west at Blanc-Sablon. 

4.2.3 Maximum Hourly Wind Speed 

The maximum hourly wind speed is commonly used in transmission line design for determining wind 
loads in combination with ice loads, and is defined as the maximum speed of the wind measured during 
the last two minutes before the hour.  Data was obtained from Environment Canada for each station and 
projected for 50, 150 and 500-year return periods.  Data for 20 stations are presented in Table C-3 
(Appendix C), with the choice of station determined by project geography. Five stations are located in 
Labrador (Wabush Lake A, Churchill Falls A, Goose A, Cartwright, Mary’s Harbour A), one in the 
Province of Québec (Blanc Sablon A), one in the Strait of Belle Isle (Belle Isle) and the other thirteen 
stations are in Newfoundland.  Seventeen of the twenty 20 stations have more than 30 years of data. 

In central Labrador (Wabush Lake A, Churchill Falls A and Goose A), the maximum hourly wind speed 
for a 50-year return period is between 60 and 80 km/h. Along the east coast of Labrador and Québec 
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north shore, wind speeds are higher, with 93 km/h at Mary’s Harbour A station, 100 km/h at Cartwright, 
and 120 km/h at Blanc Sablon A. Belle Isle station is the windiest location, with a 50-year return period 
maximum hourly wind speed of 172 km/h recorded in January , reflecting the funnelling effect of the  
Strait.  For all sites, January is the month with the highest wind speed. 

In Newfoundland, Badger and Deer Lake A, which are located inland, have maximum hourly wind 
speeds of less than 100 km/h from November to April, with 75 km/h at Badger and 85 km/h at Deer Lake 
A.  For the other eleven stations, the maximum hourly wind speed have more than 100 km/h from 
November to April, except for some months in St Anthony A, Gander A, Stephenville A and Argentia, 
which are less exposed even though they are along the coast.  Along the west coast of the Northern 
Peninsula, at Daniel’s Harbour, the maximum hourly wind speed is 125 km/h and there are many bays 
along the coast of this peninsula that can funnel the wind and increase this speed. 

At Stephenville, the 50-year return period maximum hourly wind speed is 100 km/h.  Along the south 
coast at Port aux Basques, Burgeo, and St Lawrence, the maximum hourly wind speed for a 50-year 
return period varies from 110 to 130 km/h.  At Port aux Basques, located less than 20 km from Cape Ray, 
the maximum hourly wind speed is 126 km/h in February. The 50-year return period maximum hourly 
wind speeds on the Avalon Peninsula (Argentia, Cape Race and St. John’s) vary between 110 and 
125 km/h. At Bonavista, the maximum hourly wind speed, for a 50-year return period, is 130 km/h.   

Almost all stations register the highest value in January, except for the stations on the Avalon Peninsula, 
where the highest value is in February. 

4.2.4 Field Trip 

A field trip was carried out by helicopter from October 26 to 31, 2007. The objective of this trip was to 
meet local people to gather information on any icing events they may have remembered, to visit existing 
meteorological stations, to locate and visit the old PIM and TTS sites and to look for evidence of broken 
tree tops as evidence to quantify the amount of ice that has affected the region. Most of these objectives 
were accomplished and a good impression of the terrain and conditions to be encountered was 
achieved. The detailed site visit report is included in Appendix E. 

Although broken tree tops were observed in both climatic regions C2 and C3 (Section 5.4), the number 
was generally less than would have been expected considering the evidence of precipitation icing 
measured at the PIM stations during their operation.  

Since the start of the James Bay transmission lines in the early1970’s Hydro-Québec has used the 
observation of tree damage for the evaluation of risks due to tornados and to localized ice storms. Due to 
it eccentric load, glaze will break tree tops when the ice load is over 30 mm in equivalent ice thickness. 
The number of broken tree tops is proportional to the ice intensity. Recent observations of broken tree 
tops have been useful for analysing the intensity and the dimension of ice storms. Older broken tree tops 
have also been used for line routing particularly for avoiding areas where icing is amplified, called ZAG 
(Zones of potential Amplification of Icing or Givrage in French). Older broken tree tops are not easily 
visible from helicopter and long walks are often necessary to discover old major ice storms. It is not easy 
to estimate the storm intensity since the number of dominant trees at the time of the storm is not known, 
but it is possible to date past ice storms from tree growth ring analysis (Dendrochronology). Some 
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spruces had shown a long memory along the Québec North Shore, over 120 years in one case. It is not 
infrequent to see more than one break per tree, near Pentecôte for example where the memory of three 
ice storms (1973, 1992 and 2005) is easily visible from ground. Hydro-Québec uses this approach in 
areas prone to heavy in-cloud icing, areas which are systematically avoided at the routing stage of a 
transmission line project. While studying in-cloud icing at Mont-Valin (1000 m) near Chicoutimi for 
example, it has been observed that tree tops frequently affected by in-cloud icing are actually enveloped 
and protected by light rime and by dry snow. From what has been observed in Newfoundland at the 
higher elevations of the Long Range Mountains, it seems that frequent rime could protect tree tops from 
damage due to glaze. Hard rime and glaze seem to occur together in this case.  
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5. Development of Design Meteorological Loads 
5.1 Review of Hydro’s Approach 

The work by Haldar (1996) referred to previously notes that the early transmission line designs for icing 
loads were based on CSA guidelines. Since these early designs, a number of icing events over a 30-year 
period resulted in the use of more stringent criteria as new lines were built and older ones upgraded. In 
1995, a detailed failure investigation of existing lines was completed and it was concluded that the 
observed line failure rate of the system, based on icing events over a 30-year operational life, could be 
modeled with an annual rate of 0.1 (10-year return period) for the entire Avalon Peninsula.  In reviewing 
the observed ice load on conductors, it was noted that 38 mm to 50 mm of equivalent radial glaze ice 
was found to be on conductors and/or on guy wires in many instances.  This information was used to 
revise the original design ice load criteria (1:25 year return period loading) to 63 mm radial glaze ice 
thickness when upgrading the existing lines, and to 75 mm for building new lines, for the equivalent of a 
50-year return period loading.  As illustrated in Table 5.1, ice load criteria have been increased through 
practical experience from 1965 to 1988.  

Table 5.1 
Practical Equivalent Ice Limit Loads used by Hydro ( after Haldar,1996) 

(an overload factor of 1.33 is assumed on nominal loads) 

Year 
Nominal Ice Load 

(inches) 
Nominal Ice Load (mm) Limit Loads (mm) 

1965-1975 1.0 – 1.5 25 – 38 33 - 51 

1976-1988 1.75 – 2.25 44 – 57 59 – 76 

 Extreme Ice Load (inches)   

1999-2001 2.25 – 3.0 - 66 - 76 

 
Previously, the ice loads were calculated from a deterministic approach, based on practical experience 
and CSA criteria with a safety factor, but the new and increased load are based on a RBD approach, 
using ice load statistics. In the new approach the load is the extreme value having a very low probability 
of occurrence, and it corresponds to the ultimate strength of line components which is determined from 
individual strength dispersion.    

Although no new lines have been built recently in Newfoundland and Labrador, several lines have been 
upgraded based on this reliability analysis approach. These are:  

• TL 217 Western Avalon to Holyrood (1999 and 2000) with design loads of 66 mm and 75 mm radial 
ice; 

• TL 207 Sunnyside to Come by Chance (2001) with a design load of 75 mm radial ice; 

• TL 237 Come by Chance to West Avalon (2001) with a design load of 63 mm radial ice;  

• TL 236 Hardwoods to Oxen Pond (2002) with a design load of 75 mm radial ice; and 
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• TL 242 Holyrood to Hardwoods (2002) with a design load of 63 mm radial ice. 

 
From the analysis of failure rates, this study produced statistical extreme ice loads, and the line upgrading 
was based on a 50-year return period. These loading criteria are valid references for the design of the 
Gull Island to Soldiers Pond HVdc line in the areas of the Avalon and Connaigre Peninsulas, but they 
must be adjusted, both for the security level required by such a line and for the various climatic and 
topography conditions along its route, particularly in areas where no lines were built in the past and for 
which the only reliable information comes from the TTS. 

Further analysis of operating data is required because current information is not necessarily consistent 
with specified criteria.  For example, the line TL 240 from Churchill Falls to Goose Bay, built in 1976, 
was apparently upgraded in 1999 to loads of 44 and 57mm, and it is not clear if these ice loads are 
nominal loads with traditional safety factors or ultimate loads. 

5.2 Reliability Based Approach 

In 2003, IEC introduced its standard 60826 for the reliability-based design for the construction of 
overhead transmission lines, taking into account that the climatic loads and line component strengths are 
random variables. The reliability is characterized by the probability that the line will perform its task 
under the environmental and operating conditions during a specified time. Reliability is thus a measure 
of the success of the line to perform its task.  The line is considered reliable when its strength is greater 
than the effect of applied loads. The complement to reliability is the probability of failure. 

IEC 60826 is not a complete design manual but gives guidance for the preparation of national overhead 
lines standards. Before 1995, CSA-C22.3 used the deterministic design method by specifying climatic 
loads according to local operating experience and weather records. Component strengths were specified 
and safety factors were proposed to cover uncertainties in the climatic loads and material strength. In 
1995, CSA-C22.3 introduced RBD.  CSA-C22.3 has retained the deterministic method in its new edition, 
but recommends the use of RBD for new high voltage or other important lines. 

By using the RBD method, it is recognized that absolute reliability cannot be achieved and that there is 
always a risk that the design loads can be exceeded or that the component strengths will be less than the 
design loads. Nevertheless, the RBD method is the most appropriate tool to target a level of risk or to  
implement a cost/risk analysis. 

Three reliability levels (I, II, III) are provided in IEC 60826  and CSA–C22.3. These levels correspond to 
return periods of 50, 150 and 500 years. 

• Level I (50-year return period) is considered the minimum for all permanents lines and is called the 
reference reliability level. It is regarded as providing an acceptable reliability level in respect of 
continuity of service and safety of the public and is commonly used for medium and high voltage 
lines. 

• Level II (150-year return period) is commonly used for strategic and extra high voltage lines (315 kV 
and above). 
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• Level III (500-year return period) is used for very strategic extra high voltage lines that are a unique 
source of supply. 

 
Other levels may be selected based on local conditions and on an economic optimization between the 
cost of increased reliability and the present worth of the cost of future failures. Ultimately, the reliability 
level selection will be an owner decision based on the risk that the utility is willing to take considering 
such factors as the degree of system redundancy, customer needs and societal expectations.  

Where sufficient data exists, the yearly maximum climatic loads such as ice or wind can be fitted to a 
Gumbel extreme value distribution function which can be used to calculate extreme value loads for 
selected return periods. A reference value (in this case the 50-year value) may also be extrapolated to 
other periods by using appropriate factors as shown in Table 5.2. 

Table 5.2 
Extrapolation Factors for Extreme Climatic Loads (based on a 50-year return period value) 

Ice Variable Return Period T 
(years) 

Probability of Occurrence 
in 50 years Wind Speed 

Ice Thickness Ice Weight 
50 64% 1 1 1 
150 28% 1.10 1.15* 1.20 
500 10% 1.20 1.30* 1.45 

 
 

The above values are sufficiently accurate for a coefficient of variation (COV) of up to 0.16 for wind 
speed, 0.30 for ice thickness and 0.65 for unit ice weight as derived from the Gumbel distribution 
function.  

IEC and CSA standards require that at least 20 years of climatic data and at least five years of ice 
observation on the transmission line sites be available to use the statistical approach and these 
adjustment factors. Considering that the climatic data available along the proposed HVdc line does not 
meet this requirement, the adjustment factors for precipitation icing identified by an asterisk in Table 5.2 
were set at 1.20 and 1.40 instead of 1.15 and 1.30 in accordance with Hydro-Québec experience on the 
north shore of the St-Lawrence River. 

CSA C22-3 provides one map (Figure 3) covering Canada and gives the values of the 50-year-return 
period radial ice thickness of glaze during an ice storm at given points. Since transmission lines cover 
large areas, those values have to be multiplied by a spatial factor of 1.5, as indicated in CSA-C22.3 
Appendix D3. 

Another CSA-C22-3 map (Figure 2) provides the values of the 50-year return period hourly wind speed at 
10 m above ground for terrain roughness Category B.  Terrain Category B is the reference terrain defined 
as “open country with very few obstacles”.  No spatial factor for wind was required in the first CSA-C23 
editions covering the RBD method, but this is presently under review and future editions will include 
such a requirement with a value of 1.05 or 1.15. (Jones, 2005)  CSA-C22.3 notes that extremes of rime 
ice greater than values indicated on the ice map can occur on hills, mountain, and ridge tops, especially 
in coastal areas. In such areas, the standard recommends that local experience and knowledge be used in 
determining design rime ice thickness. 
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For Newfoundland and Labrador, the two maps give the following values:  

• Ice load:  between 20 and 40 mm with a spatial coefficient of 1.5 which leads to between 30 and 
60 mm of radial glaze ice. 

• Wind load: between 120 and 140 km/h with a spatial coefficient of 1.15 leading to between 140 
and 160 km/h. 

 
CSA also notes that other special local conditions could prevail and line designers should investigate 
those special conditions and design according to those findings recognizing that the CSA requirements 
represent minimum values.  Environment Canada is presently reviewing the Canadian load maps and the 
methodology which was applied for the previous maps. This work, which is supported by Canadian 
utilities, will be available in late 2008. 

Additional insight into ice loadings at higher elevations may be gained from a review of the practice in 
Norway where Statnett reports that the guideline for in-cloud icing is between 210 mm and 280 mm 
radial thickness. 

5.3 Application to the Proposed HVdc Line 

5.3.1 General 

MRI (1975) proposed the RBD approach for the Gull Island to Holyrood HVdc line, which was, at that 
time, based on meteorological data from only a few weather stations gathered for a period of 9 to 16 
years, using measurements made at exposed sites along the proposed route.  MRI’s analysis had 
extended this data base to a line route of 1,088 km, with 50-year return period extreme values.  Some 
attention was given to local climatic conditions and topography since the whole line was divided into 11 
line sections (Appendix A Table A-1).  At that time, the RBD approach was still in development, 
particularly for lines located in uninhabited and remote areas prone to atmospheric icing.  Even today 
this new approach is not always applied correctly, and it is still common to work only with ice deposits, 
glaze and rime, and to ignore the underlying atmospheric processes leading to precipitation icing and in-
cloud icing.  

Precipitation icing requires a statistical treatment different from in-cloud icing because precipitation icing 
events are usually short in duration and ice is generally shed soon after the ice storm is over. 
Precipitation icing and in-cloud icing events are usually considered to be independent of each other, but 
this is not always the case as illustrated at some TTS in the Long Range Mountains. 

An ice storm is seldom measured at the location of the maximum intensity within the storm, so local 
point values are different than regional values. Consequently, lines designed for a given service area may 
require values of maximum ice thickness to be predicted for the area. The CSA recommends that the 
point values given in ice load maps be increased by 50%. The value of the spatial factor also accounts 
for the fact that the 50-year ice thickness may be somewhat higher at the conductor heights of up to 
30 m above ground, compared to the values in the ice load maps that were compiled for heights of 10 m 
above ground. This increment has been chosen from calibration with icing data collected by some 
utilities.  
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In-cloud icing events are frequent and last longer than precipitation icing, and low clouds, which are 
common in maritime northern climates, are not always connected to a major storm. Subsequent events 
often accumulate and rime ice deposits can be the result of many icing events. Therefore, in-cloud icing 
events are not always independent and their statistical treatment is difficult without direct measurements.  
In-cloud icing is generally site specific and extrapolating values from one site to another is not 
necessarily valid. 

Airport wind speed measurements are not always representative of wind along a particular line route, so 
extrapolation should be made with careful attention to topographic features that could influence local 
wind speeds.  In contrast with atmospheric icing, wind speed is easily measured on site and modeled 
numerically. Wind speeds are analysed from a statistical standpoint, so values used in ice and wind 
combinations should be derived from the best available maximum wind speed values.  

Wind speed is measured and analysed on a regular basis, not only at airports but at many other 
climatological stations, but statistics for combined ice and wind are sparse, so it is recommended that a 
combination be derived from the independent ice and wind speed statistics. A large number of 
combinations are possible but one or two combinations are sufficient for the design of transmission lines. 
The IEC or CSA approach recommends a combination of a high probability ice load, such as a 5 or 
10-year return period value, with a fraction of the extreme wind speed selected for the design, for 
example 70% or 75% of a 300 or 500-year return period extreme value.   

5.3.2 Combining Statistical and Topographical Data 

MRI considered ground elevation in the modelling of precipitation icing and in-cloud icing and in the 
extrapolation of wind speed from airport monitoring stations to the line route.  However, they did not 
incorporate the effect of topography on atmospheric icing, which is now known to be a major factor 
(CIGRE 2006). Icing precipitation is affected by topography, and is particularly sensitive to the lifting of 
moist air which moves faster and cools down, thereby increasing the LWC of the air and droplet size. In-
cloud icing is affected in a similar way but to a larger degree by the movement of the air, so wind speed 
is a governing parameter of in-cloud icing and, in turn, elevation is a key factor in wind speed.  

To integrate the influence of topography, Hydro-Québec has developed a simple topographical 
modelling methodology based on empirical knowledge. The intensity of moist air before its 
displacement towards high lands is estimated in a valley or a plain from PIM data, which is statistically 
well defined from 30 years of direct measurements. The critical altitude of the moist air is determined 
from past ice storms by using, when possible, upper air data from a station such as Sept-Îles or Goose 
Bay. The moist air is virtually moved inland along natural corridors (such as valleys or connected lakes) 
as a reversed moist air river. Its altitude is adjusted to the corridor’s width, assuming a minimum width of 
2 km. When approaching the future line route, about 2 to 5 km from the center line, the change of 
height between the moist air and the line is calculated directly on the topographical map. The lifting 
height is noted on the map and it is the basis of the calculated amplification, based on several past cases, 
(e.g. Mont Bélair near Québec and near Pentecôte on the Québec North Shore). For Newfoundland & 
Labrador, the height of moist air near the coast is assumed to be 100 m. The empirical amplification 
formula is the same as that used by Hydro-Québec, except that the moisture or ice load is expressed in 
linear weight (kg/m) and not in radial thickness (mm). (For a few years Hydro-Québec applied the same 
linear weight to all conductors and cables). 
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Since Hydro-Québec has not yet developed topographical modelling for in-cloud icing, a simple 
approach based on the existing knowledge that has been used in several rime load models, is used here. 
The critical cloud height is an important parameter since it defines the amount of water (LWC in the 
cloud) and the droplet size. The structure height is also important since low clouds at ground level have 
a moisture profile similar to the near ground wind speed profile, which is logarithmic. In the case of in-
cloud icing, moist air is moving horizontally, so the air displacement, or rather the wind speed, is a key 
factor in ice accumulation.  If the air is channelled or lifted, the wind speed is amplified as well as the 
moisture content and the drop sizes. In cloud icing is site specific and a fine terrain analysis is required 
before final line routing.   

5.3.3 Amplification due to Topography 

The amplification analysis due to topography has been broken down into line sections between points of 
inflection (PI) for each climatic region C1 to C6. The results given in Tables D-1 to D-6 in Appendix D 
have been derived from a methodology based on sources of moist air masses, transport of the moist air 
through valleys and lifting of moist air when rising toward a future line.  This medium scale methodology 
is good at the stage of line routing, since it incorporates topographically induced icing that must be 
added to basic values and influence the selection of the line route.  

The procedure used for this study is as follows: 

1. Examine climatic differences at the geographical scale and use best available data for precipitation 
icing within each climatic region; 

2. Examine potential icing amplification in order to pin point problem areas where future failures are 
likely to occur based on statistics and topography. The scale of icing amplification areas is several 
spans; 

3. Examine in-cloud icing areas which are basically determined by local elevation and exposure. Areas 
prone to in-cloud icing could be only a few spans. A fine line routing analysis can often reduce line 
segments exposed to in-cloud icing. The height of the surrounding terrain is a key factor. Since wind 
speed is the first key factor in in-cloud icing, local wind speed measurements could help in locating 
a line. The wind profile near ground is similar to in-cloud icing profiles (moist air profiles).  Wind 
direction is also influenced by local topography. 
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The amplification used for precipitation (glaze) icing is as follows : 
 

Table 5-3 
Amplification for Precipitation (Glaze) Icing 

Elevation Rise (m) 50 100 150 200 250 300 350 400 450 

% Amplification 10 15 25 50 75 100 125 150 175 

 
The influence of topography is shown in the tables in Appendix D where two adjustments are estimated 
at the center line of line routes. One takes account of the lifting effect of moist air in the case of icing 
precipitation and the other estimates the effect of the surrounding ground on low clouds; lifting, filtering 
and sheltering. 

The tables in Appendix D present the results of a detailed analysis for each climatic region between 
points of inflection (PI to PI) along the full length of the lines. The results illustrate an enormous 
variability of glaze and rime icing loads from 40 mm of radial ice to more than 450 mm of combined 
glaze and rime in some sections. 

5.4 Study Area Regions 

The HVdc line from Gull Island to Soldiers Pond crosses at least four different climate zones with a large 
variety of geographical features, such as the Labrador plateau, coastal areas on the Atlantic Ocean and 
the Gulf of St-Lawrence, mountain ranges, etc.  Airports generally avoid such condition which means 
that airport climate is not necessarily appropriate for determining transmission line climatic loads. MRI 
defined 11 climatic line sections with 6 subdivisions to account for the effects of ground elevation on in-
cloud icing and wind speed.  The effects of topography on precipitation or in-cloud icing make it difficult 
to reconcile the types of icing loads, precipitation (glaze), in-cloud (rime), and terrain parameters. 
Therefore, it is not possible to define precise regional climatic zones for the proposed HVdc line routes 
from the MRI data and analysis. 

Based on broad geographical features, the following six climatic regions are proposed (Figure 5.1): 

C1 The Labrador plateau climatic region corresponds to the MRI line segments R1&R2, and the 
Gull Island to within 50 km of the Strait of Belle Isle.  This region is influenced by arctic air 
masses in winter but may received some tropical air in late fall or early spring.  Low clouds are 
frequent in all seasons, and wind speeds are relatively low. 

C2 The Strait of Belle Isle coastal area corresponds with MRI line segments R3&R4. This region 
connects the Atlantic Ocean with the Gulf of St. Lawrence and acts as a moisture conduit 
between the two coasts.  Heavy icing is possible everywhere, especially on ridges. Wind can 
be very strong in some areas.  

C3 The Long Range Mountains correspond with MRI line segments R5&R6. This region comprises 
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a complex terrain with high elevations and narrow valleys perpendicular to the line route. 
Atmospheric icing can be amplified from precipitation where moist air is lifted, and from low 
clouds forced over ridges.  

C4 The White Bay to Grand Lake section corresponds to MRI line segment R7. This climatic 
region is a trough connecting the Atlantic Ocean and the Gulf of St. Lawrence, and is a 
transition between colder air in the north and moist maritime air in the western  portion of the 
island.  

C4A This region is an extension of C4 down to St. Georges Bay. The first portion of Taylors Brook 
to Cape Ray HVdc line route, P.I. #1 to P.I.#8, is located in climatic region C4, while the rest 
of the line is located in region C5.  The southern portion of the Grand Falls option route is also 
located in region C4A, while the northern portion is in region C5. 

C5 The Atlantic coast corresponds to MRI line segments R8&R9. This coastal area is exposed to 
high moisture systems from the Gulf of Mexico and strong wind speeds from the open sea. 

C6 The Avalon Isthmus and Peninsula correspond to MRI line segments R10&R11. This region is 
exposed to high moisture and strong wind speeds from all directions.  

 
Climatological data for each of these regions for the duration of the icing season is provided in 
Appendix C. 
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Figure 5.1 
Climatic Regions C-1 to C-6 
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6. Proposed Design Meteorological Loads 
The meteorological loads presented in this section consist of glaze, rime, and wind separately as well as 
glaze and wind combined and rime and wind combined. Extreme ice thickness values are in mm and 
extreme wind values are in km/h. In the tables shown here, the values are representative of each of the 
six climatic regions; however, in Appendix D, values are provided for line sections within each region. 
The amplification values shown in this section are ranges for the entire length of each of the six regions. 

6.1 Precipitation Icing Loads  

The 50-year return period for PIL is the basic or reference ice load from which other return period loads 
are derived. 

• In region C1, the loads are based on previous studies for the 735 kV transmission lines to Québec 
and information from Hydro-Québec's PIM network. 

• In region C2, the loads are based on ice measurements made at Blanc-Sablon on the Québec coast 
near the cable crossing, results from the Hydro PIM network program and on field observations 
during the field visit in October 2007.  

• In regions C3, C4 and C4A, the loads are based on the regional geography, MRI study values and on 
extrapolation of data gathered in the area since 1975. 

•  In regions C5 and C6, the loads are based on current Hydro design criteria. 

The estimates of other return period loads are made according to a general extreme values curve in 
accordance with Hydro-Québec experience, as follows: 

Table 6.1 
Factors for Other Return Period Loads 

Return Period Years Factor X Basic PIL 

5 0.5 

150 1.2 

300 1.3 

500 1.4 
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Table 6.2 
Precipitation Icing Loads (PIL) in mm radial (Density = 0.9 g/cc) 

 

Climatic Regions 

Return Period (Years) 
C1 

(R1/R2) 

C2 

(R3/R4) 

C3 

(R5/R6) 

C4 

(R7) 
C4A 

C5 

(R8/R9) 

C6 

(R10/R11) 

Geography Plateau Coast Ridges Coast Trough  Coast Coast 

MRI 50 35-60 90-100 90-100 80 - 85-90 95-110 

CSA 50 30 38 38 38 38 45 60 

PIM 50 - 45 21 58 - - - 

Recommended Base Values without Amplification 

Reference 50 35 75 75 75 60 75 75 

5 18 38 38 38 30 38 38 

150 42 90 90 90 72 90 90 

500 49 105 105 105 84 105 105 

Range of Amplification Values due to Topography 

Reference 50  38-70 83-131 83-206 83-131 

 

69-105 83-113 83-94 

The 50-year return period icing loads amplified by topography are detailed in Tables D-1 to D-6 in Appendix D. 

 
6.2 In-cloud Icing Loads 

The in-cloud icing loads (ICIL) are derived from MRI values with some reduction for high elevation 
terrain which is taken into account in the topography analysis as given in tables in Appendix D.  
Although MRI in-cloud icing values are not statistically valid, they are used here as preliminary estimates. 
While topography affects precipitation icing over a rather large scale, in-cloud icing is much more site 
specific, and a detailed analyses is required when working on the refined line routing. MRI studied 
ground elevation, but did not study many other factors affecting in-cloud icing, typically the slope of the 
terrain in the trajectory of clouds. Local wind effects were also neglected. Field observations at the TTS 
sites tend to indicate localised combinations of wind, relief and elevation. In some cases in-cloud icing 
produces very hard rime that is called in-cloud glaze.  

Data gathered at the TTS is indicative of potential in-cloud icing along the Long Range Mountains where 
as much as 450 mm of radial hard rime has been observed over a rather short period, from 1978 to 
1987.  The TTS system, operated for 10 years, has shown that in-cloud icing is actually site specific. 
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In-cloud icing loads proposed by MRI would have to be amplified significantly according to the TTS 
data. Preliminary analysis of winter clouds in Labrador and in Newfoundland indicates high potential 
accumulations of in-cloud rime icing in the lower layers of the atmosphere as shown in Table 6.2. 

In 1975, the Atmospheric Environment Service of Environment Canada produced an analysis of cloud 
heights and potential in-cloud icing (Environment Canada, 1975). Data of two upper air stations located 
in Labrador and Newfoundland (Goose Bay and Stephenville) were analysed (Table C-4).  MRI used the 
same data for rime load modelling.   

Table 6.3 
Potential In-cloud Icing Accumulations Based on Cloud Height Variations (in mm) 

 

Upper Air Station Return Period 
Years 

 5 10 50 150 500 
Goose Bay      
Ground to 550 m (950 mb) 250 300 420 490 575 
550 m to 975 m (900 mb) 450 560 820 1000 1150 
Stephenville      
Ground to 550 m (950 mb) 190 215 260 300 340 
550 m to 975 m (900 mb) 320 370 510 610 700 

 
Upper air stations launch an instrumented radio-balloon twice a day to measure atmospheric 
temperature, pressure and moisture from ground through the troposphere and above. The two first layers 
of the atmosphere are analysed in the above mentioned report for cloud intensity and frequency. The 
first layer is from MSL (Mean sea level) pressure to 950 mb pressure and the second layer is from 950 mb 
to 900 mb.   

Figures produced by MRI have been used as the basis of this evaluation. Table 6.3 gives the basic in-
cloud icing loads for each climatic region. Amplified loads due to topography are corrected for the 
forcing of cloud over a ridge which lifts, funnels and shields the surrounding terrain and are detailed in 
Tables D-1 to D-6 in Appendix D although the range of amplified loads are given in Table 6.3. Detail 
corrected values are 25%, 50%, 75%, 100%, 125% for a forcing respectively of 50 m, 100 m, 150 m, 
200 m and 250 m. When ground elevations are greater than 100 m above the critical elevation of icing 
clouds, the total icing load is equal to the sum of both in-cloud icing and precipitation icing (glaze). 
Further corrections may be required after a refined analysis of the final line route. 

The following table illustrates the in-cloud icing levels when at or above the critical cloud elevations. 
There are many areas where the ground elevation is below this level and no in-cloud icing is present. 
These sections are detailed in the topographical analysis of line routes in Appendix D.  
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Table 6.4 
In-cloud Icing Loads (ICIL) in mm radial (Density = 0.5 g/cc) 

 

Climatic Regions 
Return Period 

(Years) 
C1 

(R1/R2) 
C2 

(R3/R4) 
C3 

(R5/R6) 
C4 
(R7) 

C4A C5 
(R8/R9) 

C6 
(R10/R11) 

Geography Plateau Coast Ridges Coast Trough Coast Coast 

Critical Cloud 
Elevation (m) 350 300 350 300 350 250 200 

MRI 50 40 - 120 80 - 70 80 - 240 55 - 120 - 130 145 - 160 

Recommended Base Values without Amplification 

Reference 50  70 100 100 70 70 100 120 

5 39 55 55 39 39 55 66 

150 84 120 120 84 84 120 144 

500 98 140 140 98 98 140 168 

Range of Amplification Values due to Topography 

Reference 50  88 - 123 100 - 175 100 – 200 70 – 123 70 – 123 100 – 125 120 – 150 

The detailed in-cloud icing loads including amplification are detailed in Tables D-1 to D-6 for each climatic region C1 to 
C6. 

 

6.3 Wind Loads 

Wind speed is a basic factor in the design of the HVdc lines since it has an effect on precipitation and in-
cloud icing, and all design parameters including vertical loads, transverse loads and longitudinal loads.  
Wind speed also affects the operational performance of these lines since it induces various types of 
conductor displacements including oscillation, vibration and galloping. 

Maximum hourly wind speeds for this study have been determined from Environment Canada data 
measured at 20 meteorological stations and from the MRI 1973 study. Environment Canada processed 
this data using their extreme value analysis program in order to produce 50, 150 and 500-year return 
period values. Raw data are presented in Table C-2 and extreme values are presented in Table C-3.  

 Measurements and analyses of wind speed were carried out for the Blanc Sablon area in 1992 and 1993 
for a Hydro Québec 69 kV transmission project. The extreme value analysis by Environment Canada 
leads to figures slightly smaller than those produced by Meteoglobe Canada Inc., who measured winds 
for Hydro-Québec in this region . 

Comparing data gathered at the Blanc Sablon airport with that gathered near the coast, less than 10 km 
away, shows an 18% difference, confirming that analysis limited to airport data often underestimates 
local regional values.  Therefore, a 15% spatial factor is used to convert a local maximum speed to a 
regional one (Jones, 2005).  
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Data gathered at elevation 150 m or higher for the Lake Robertson project have shown wind speeds 10% 
higher, and maximum hourly wind speeds deduced from continuous measurements of maximum gust 
speeds are larger than the 2 minute maximum wind speeds by 5% inland and by 8% at the coast.  
(Maximum hourly wind speeds are measured 2 minutes before each hour.  They can also be deduced 
from maximum gusts with a reduction factor of 1.26.) 

The regional maximum hourly wind speed, determined for each climatic region, is as follows.  

C1: Goose Bay Airport  88 km/hr plus a spatial factor of 15%. 

C2: Blanc Sablon 156 km/hr taken from the Lake Roberson project.  

C3: Daniel’s Harbour 130 km/hr plus a spatial factor of 15%. Measurements are 
recommended at critical mountain sites. 

C4: MRI Regional 131 km/h estimated from MRI of 165 km/h gust (165 divided by 1.26). 

C4A: Port-aux-Basques  127 km/hr plus a spatial factor of 15%. 

C5: Gander 112 km/hr plus a spatial factor of 15% and a factor of 10% for sites 
near the coast. Measurements are recommended at critical coastal 
sites.  

C6: St. John’s Airport 123 km/hr plus a spatial factor of 15% and a correction of 7% for the 
three outliers (121, 120 and 137) included in the series of annual 
maximum values, suggesting a different statistical population. 

   
 

Table 6.5 
Regional Maximum Hourly Wind Speeds (MHWS) in km/hr 

 
Climatic Regions 

Return 
Period 
(Years) 

C1 
(R1/R2) 

C2 
(R3/R4) 

C3 
(R5/R6) 

C4 
(R7) C4A C5 

(R8/R9) 
C6 

(R10/R11) 

Geography Plateau Coast Ridges Coast Trough Coast Coast 

MRI 50 103-123 143-159 143-198 131 - 151-167 159-167 

Recommended Values 

Reference 
50 100 155 150 130 145 140 150 

150 110 171 165 143 160 154 165 

500 120 186 180 156 174 168 180 

  
Prior to final engineering, it is recommended that wind speed figures be refined for terrain and 
topography, using models such as those used to estimate wind for wind generation projects. It is also 
recommended that wind speeds be measured at critical sites over several months to calibrate values with 
those of near-by airports.  These site measurements are not costly and are thus excellent investments as 
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wind speed can vary significantly from site to site.  On the Lake Robertson project, for example, wind 
speed was measured at seven sites.  

6.4 Combined Wind and Icing Loads 

6.4.1 Combined Glaze and Wind 

Figures given in Table 6.5 are based on one type of combination from two statistical values.   

As recommended in the IEC 60826 and CSA 22.3, it is proposed to use the combination of a high 
probability ice load, such as a 5-year return value, with a percentage of a low probability extreme wind 
speed, such as 50-year return period, to determine a reference combined load.  

The percentage of the extreme wind speed is variable.  Inland, it can be as low as 50% while near the 
coast it can reach 75% as was the case for the Hydro-Québec Lake Robertson transmission line near 
Blanc Sablon. The fraction used in this study is 70%, but many other combinations are possible, such as 
a extreme ice with nominal wind, but these do not generally govern the tower design.   Since the 
statistical process requires many icing events, it is not possible to establish wind and ice for this project 
using statistics. MRI attempted to establish combined loads on a statistical analysis, but without sufficient 
data, using a combination of ice loads varying from 50% to 75% of the reference ice load with 60% to 
68% of maximum wind speed.  

Table 6.6 
Regional Precipitation Icing (PIL) and Wind Speed Combination 

 
Climatic Regions 

Return 
Period (Years) 

C1 
(R1/R2) 

C2 
(R3/R4) 

C3 
(R5/R6) 

C4 
(R7) C4A C5 

(R8/R9) 
C6 

(R10/R11) 
Geography Plateau Coast Ridges Coast Trough Coast Coast 

MRI 50 15/75 

25/83 

65/91 

70/91 

65/83 

65/95 

85/127 

50/83 - 60/99 

65/99 

85/99 

70/91 

Recommended Base Values without Amplification 

Reference 50 18/70 38/109 38/105 38/91 30/102 38/98 38/105 

150 21/77 45/120 45/116 45/100 36/112 45/108 45/116 

500 24/84 52/130 52/126 52/109 42/122 52/118 52/126 

Range of Amplification Values due to Topography 

Reference 50 19-35 

/70 

38-65 

/109 

38-200* 
/105 

38-127* 

/91 

30-53 /102 38-57  /98 38-47   
/105 

 

* Areas of combined precipitation and in-cloud icing. 

These detailed values of amplified precipitation icing (PIL) are given in tables D-1 to D-6 for each climatic region 
C1 to C6. 
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6.4.2 Rime and Wind Speed Combinations 

As wind speed is a key parameter in the in-cloud icing process, the task of combining rime and wind 
speed is complex. It is best established with field investigations made over at least one winter of wind 
speed measurement at sites known to be prone to in-cloud icing. For mountain summits with smooth 
sides, in-cloud icing is mainly produced by clouds moving horizontally. But when moist air and clouds 
mix with precipitation and are forced to move up over a long distance, rime resulting from the in-cloud 
icing can be very dense similar to glaze. The density of icing accumulations can reach very high values, 
similar to those estimated for precipitation icing. As a consequence, each site exposed to potentially 
intense in-cloud icing should be studied individually. The analysis of local topography is more important 
than statistical analysis in these cases.  

Table 6.7 
Basic Regional Rime and Wind Speed Combination 

(5 year rime loads in mm and 70% of max wind speeds (MWS) in km/h) 
 

Climatic Regions 
Return 
Period 
(Years) 

C1 
(R1/R2) 

mm/km/h 

C2 
(R3/R4) 

mm/km/h 

C3 
(R5/R 

mm/km/h 

C4 
(R7) 

mm/km/h 

C4A  
mm/km/h 

C5 
(R8/R9) 

mm/km/h 

C6 
(R10/R11) 
mm/km/h 

Geography Plateau Coast Ridges Coast Trough Coast Coast 

Recommended Base Values without Amplification 

Reference 
50 

39/70 55/109 55/105 39/91 39/102 55/98 66/105 

150 46/77 66/120 66/116 46/100 46/112 66/108 79/116 

500 54/84 77/130 77/126 54/109 54/122 77/118 92/126 

Range of Amplification Values due to Topography 

Reference 
50 

39-68 /70 55-96 /109 38-200* 

/105 

38-127*/91 39-68 /102 55-69 /98 66-83 /105 

 

*Areas of combined precipitation and in-cloud icing. 

Detailed topographical amplification in each region must be determined from the amplified values given in tables D-1 to D-6 

corresponding to climatic regions C1 to C6.  The 50 year in-cloud icing value to be combined with wind is equivalent to 55% of 

the extreme amplified value shown in tables D-1 to D-6. 

.
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7. Conclusions and Recommendations 
7.1 Conclusions 

The transmission line route crosses a unique region in North America with many different climatic 
regions, and the general atmospheric circulation of tropical and arctic air masses converging into this 
region results in variable and sometimes extreme meteorological conditions. The geography of the region 
is also unique with a complex coast-line comprising a large number of bays, fiords and peninsulas. 
Inland mountain ranges add a vertical component to a long and complex coast. All these parameters 
contribute to making a climatological evaluation of the HVdc line between Gull Island and the Avalon 
Peninsula a challenge.  

Based on broad geographical features, six climatic regions are proposed as shown in Fig. 5-1. 

The effects of topography on precipitation or in-cloud icing make it difficult to reconcile the types of 
icing loads, precipitation (glaze), in-cloud (rime), and terrain parameters. Therefore, it is not possible to 
define precise regional climatic zones for the proposed HVdc line routes from the available data and 
analysis. Each region has been studied to determine the influences of geography and topography on 
wind, glaze and rime. 

7.1.1 Glaze 

Very little information exists on local precipitation icing (glaze), except on the Avalon Peninsula with 40 
years of line operating experience, and in the area of Blanc Sablon, where there are 30 years of passive 
ice meter data. Inland Labrador is also reasonably understood with experience from the existing 
Churchill Falls and Hydro-Québec's passive ice meter data from nearby. Elsewhere icing loads have 
been evaluated from the regional geography, a comparison with MRI values, the TTS and PIM network 
which operated for 10 years and the extrapolation of this data to the proposed line sections. Due to a 
lack of statistical data, the meteorological regional loads contain uncertainty. 

The recommended 50 year values for precipitation icing (glaze) are very wide ranging with values as low 
as 40 mm radial ice at Gull Island to combined glaze and rime of more than 400 mm in some sections of 
the Long Range Mountains. The resulting loading conditions will be very challenging for the design of 
the transmission through these areas. 

Basic values are presented in Table 6.1 while detailed values, including the influences of topographical 
amplification within each climatic region, are detailed in Table D-1 to D-6 in Appendix D. 

7.1.2 In-Cloud Icing 

While topography may affect precipitation icing over a rather large scale, in-cloud icing (rime) is site 
specific. Data gathered at the TTS is indicative of potential in-cloud icing along the Long Range 
Mountains where as much as 450 mm of radial hard rime has been observed over a rather short period. 
The TTS sites tend to indicate localized combinations of wind, relief and elevation. In some cases in-
cloud icing is producing hard rime similar to glaze. Analysis of winter clouds in Labrador and 
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Newfoundland indicates high potential accumulations of in-cloud rime icing in the lower layers of the 
atmosphere.  

Basic ICIL have been derived from MRI values. Table 6.2 gives the basic in-cloud icing loads for each 
climatic region at the critical icing cloud elevation. At greater elevations in-cloud icing is amplified. 
Below these critical elevations, there is no in-cloud icing. The range of amplified in-cloud icing levels is 
also provided in Table 6.2 while detailed amplified values through each climatic region are given in 
Appendix D. Evidence from the test tower sites indicate that when ground elevations are greater 
than100 m above the critical elevation of icing clouds, the total icing load is equal to the sum of both in-
cloud icing and precipitation icing (glaze). In the region of the Long Range Mountains, the critical 
elevation is above 450 m. In an effort to bring the line below this elevation, more corrections are likely 
required to refine the final line route. 

7.1.3 Wind 

Maximum hourly wind speeds for this study have been derived from Environment Canada (EC) data from 
20 meteorological stations throughout the regions and from the MRI maximum gust speeds. Environment 
Canada processed this data with the EC extreme values analysis program in order to produce 50, 150 
and 500-year return period values.  

Comparing data gathered at airports with that gathered along line routes shows important differences, 
confirming that analysis limited to airport data often underestimates local regional values.  Therefore, a 
15% spatial factor is used to convert a local maximum speed to regional ones. The transmission line 
route over the Long Range Mountains crosses terrain that is not at all representative of conditions 
gathered at regional airports where the influence of funneling and exposure is not well known. 
Additional wind measurements in these areas along with those most affected by in-cloud icing would be 
appropriate. 

7.1.4 Combined Wind and Icing 

As recommended in the IEC 60826 and CSA 22.3, the combination of a high probability ice load with a 
low probability extreme wind speed has been used. For the 50 year return period, the 5 year icing event 
has been combined with 70% of the 50 year extreme wind. These combined values are extrapolated to 
150 and 500 year return periods in the same fashion as the separate ice and wind events are. 

Tables 6.5 and 6.6 present these values for the 6 climatic regions. Topographic amplification must also 
be included throughout each region as detailed in Appendix D. 

Very close attention must be accorded to combined ice and wind as these loads often control the design 
of the transmission line structures.  
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7.2 Recommendations 

7.2.1 Reliability 

The use of a Reliability Based Design Approach, comprising limit loads, statistical extreme climatological 
loading values and appropriately chosen reliability levels is recommended and is the basis for the current 
studies. The proposed meteorological loads are limit loads based on the best information available, 
including a general knowledge of regional climate, knowledge of icing processes, the operating 
information of several existing lines, and the analysis of available field observations and measurements. 

7.2.2 Risk Assessment 

It is recommended that a risk assessment be implemented to define the optimal reliability level. 

IEC and CSA Standards provide guidance and minimal requirements for line design, including reliability 
levels, but the owner must select the optimal reliability of the line and the design climatic loads based on 
local conditions and on an economical optimization between the cost of increased reliability and the 
present worth of the consequences of future failures costs. The design load selection must be a 
management decision based on the risk that the utility is ready to take considering its commitment to 
customers or agreements with clients.  

Also, a fast reconstruction strategy should be put in place and the most exposed sections should be 
determined and accessibility studied. Mitigation measures to limit line failure consequences should be 
considered.  

7.2.3 Route Selection and Towers Site 

As amplification icing and in cloud-icing are a major problem in mountainous regions, the transmission 
line route should be refined to avoid as much as possible these site specific areas. The most critical areas 
are found along the Long Range Mountains at elevations greater than 450 m where the combined effects 
of in-cloud icing and glaze are apparent. Routing the line through the least exposed areas protected from 
prevailing winds will be essential.  

7.2.4 Additional Work 

Prior to final engineering, it is recommended that wind speed figures for terrain and topography be 
refined.  This can be done with models such as those used to estimate wind for wind generation projects. 
It is also recommended that wind speed be measured at the above mentioned critical sites over several 
months to calibrate values with those of nearby airports.  These site measurements are not costly and are 
an excellent investment as wind speed varies significantly from site to site.  In addition to improving 
local estimates on extreme wind values, these measurements would improve in-cloud icing estimates at 
particular sites and would validate ice and wind combinations.  An estimate for wind measurement 
towers is included in Appendix I. 
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Appendix A  
MRI Loadings 
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Table A-1  
Summary of MRI’s Extreme Values Produced in 1975 

Climate Line length km 

RSW MRI Segment Sum 

Glaze 
mm 

Rime 
mm 

Wind1 
km/h Topography 

R1a 68 68 55 120 155 (123) Plateau 

R1b 38 106 35 40 130 (103) Valley 

R1c 105 211 60 110 150 (120) Plateau 
C1 

R2 125 336 55 55 150 (120) Plateau 

R3a 44 380 100 170 200 (159) Coast 

R3b 12 392 100 170 200 (159) Coast 

R3c 15 407 90 80 180 (144) Coast 
C2 

R4 42 449 100 145 180 (144) Coast 

R5a 19 468 90 80 180 (144) Plateau 

R5b 28 496 90 155 190 (151) Ridges 

R5c 67 563 90 80 180 (144) Plateau 
C3 

R6 45 608 110 240 250 (198) Ridges 

C4 R7 30 638 80 55 165 (124) Valley 

R8 148 786 90 130 210 (168) Coast 
C5 

R9 141 927 85 120 190 (151) Coast 

R10 105 1032 110 160 210 (168) Coast 
C6 

R11 56 1088 95 145 200 (159) Coast 

1 The first figure is a gust speed and the figure in bracket is a calculated hourly wind speed. 
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Appendix B  
Passive Icing Meter Tables 
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 Table B-1 
Maximum Glaze in mm for Each Season  

(Raw Data from NLH PIM Program) 
Station Name 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 

Wabush 
T 2 1 trace 3 trace 4 nm nm nm 

Churchill Falls h 10 10 0 trace 0 2 nm nm nm 
Goose Bay i 5 5 20 20 to 50 10 2 4 3 trace 
Point Amour s 13 13 15 19 64 20 nm nm nm 
St. Anthony   10 trace closed closed closed closed closed closed closed 
Yankee Point r 13 0 nm 6 50 / 64 trace 13 to 20 25 13 
Plum Point e 0 2 2 1 25 ici trace trace trace 3 
Hawkes Bay p 13 16 0 16 6 6 0 3 6 
Daniels Hr. o 10 trace trace trace trace 12 ici 0 trace 0 
Gros Morne r 0 10 9 0 4 30 5 ici 2 2 
Stephenville t nm trace closed closed closed closed closed closed closed 
Port aux Basques   13 trace 5 20 to 30 0 13 6 10 10 
Burnt Pond i 13 4 6 trace 21 3 0 trace 5 
Buchans s 6 10 5 45 8 18 13 nm nm 
Deer Lake   trace nm trace 4 5 nm nm closed closed 
Hampden m 76 to 83 9 0 closed closed closed closed closed closed 

Springdale i 32 trace 25 trace trace 
6 to 32 

ici 13 8 to 26 18 
Stony Brook s 5 5 0 4 0 6 trace nm nm 
Gander s 5 5 9 40 8 ici 12 to 17 7 2 to 9  17 
Bay d'Espoir i 5 0 trace 0 0 2 0 0 0 
Sunnyside n 0 trace 0 trace 0 1 0 nm trace 
St. Lawrence g 2 20 closed closed closed closed closed closed closed 
S Turn   0 0 closed closed closed closed closed closed closed 
Long Harbour   nm 0 nm 0 closed closed closed closed closed 
Western Avalon   0 17 20 4 8 10 0 nm closed 
Holyrood   0 trace trace 0 3 trace 0 3 2 
St. John's   25 13 nm nm nm nm nm 4 to 9 nm 
Harbour Deep   13 0 0 0 25 5 8 38 trace 

Port Blandford   2 2 0 trace 0 0 0 2 nm 
  Note:  “nm” indicates “not monitored” 
 “Trace” indicates  less than 1 mm 
 “ici” indicates “icicles” 

Muskrat Falls Project - Exhibit 92 
Page 52 of 102



  
 Newfoundland and Labrador Hydro  - Lower Churchill Project

DC1070 - Preliminary Meteorological Load Review
Final Report - August 2008

 
 

  PRH325967.10092, Rev. 0, Page B-3
  
 

Table B-2 
Maximum Radial Ice in mm for Each Season NLH PIM Program 

Station Name 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 

Wabush 
T 1 1 trace 2 trace 3 nm nm nm 

Churchill Falls h 7 7 0 trace 0 1 nm nm nm 
Goose Bay i 4 4 14 14 to 35 7 1 3 2 trace 
Point Amour s 9 9 11 13 45 14 nm nm nm 
St. Anthony   7 trace closed closed closed closed closed closed closed 
Yankee Point r 9 0 nm 4 35 / 45 trace 9 to 14 18 9 
Plum Point e 0 1 1 1 28 trace trace trace 2 
Hawkes Bay p 9 11 0 11 4 4 0 2 4 
Daniel's Harbour o 7 trace trace trace trace 13 0 trace 0 
Gros Morne r 0 7 6 0 3 21 6 1 1 
Stephenville t nm trace closed closed closed closed closed closed closed 
Port aux Basques   9 trace 4 14 to 21 0 9 4 7 7 
Burnt Pond i 9 3 4 trace 15 2 0 trace 3 
Buchans s 4 7 4 32 6 13 9 nm nm 
Deer Lake   trace nm trace 3 4 nm nm closed closed 
Hampden m 53 to 58 6 0 closed closed closed closed closed closed 
Springdale i 22 trace 18 trace trace 7 to 35 9 6 to 18 12 
Stony Brook s 4 4 0 3 0 4 trace nm nm 
Gander s 4 4 6 28 9 8 to 12 5 1 to 6 12 
Bay d'Espoir i 4 0 trace 0 0 1 0 0 0 
Sunnyside n 0 trace 0 trace 0 1 0 nm trace 
St. Lawrence g 1 14 closed closed closed closed closed closed closed 
S Turn   0 0 closed closed closed closed closed closed closed 
Long Harbour   nm 0 nm 0 closed closed closed closed closed 
Western Avalon   0 12 14 3 6 7 0 nm closed 
Holyrood   0 trace trace 0 2 trace 0 2 1 
St. John's   18 9 nm nm nm nm nm 3 to 6 nm 
Harbour Deep   9 0 0 0 18 4 6 27 trace 

Port Blandford   1 1 0 trace 0 0 0 1 nm 
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Table B-3 
Maximum Ice Accumulation in mm from the Rosemont Ice Detector Sites 

Site 1978 /1979 1979 / 1980 1980 / 1981 1981 / 1982 
          

Yankee Point 6  (03/01/1979) 15  (01/24/1980) closed closed 
          

Sunnyside 6  (02/27/1979) 3  (01/20/1980) 18 (11/19/1980) closed 
          

4 Mile Pond 56  (02/03/1979) 72  (02/27/1980) 282 (01/24/1981) 70 (12/30/1982) 
  during 21 hours during 20 hours during 15 hours during 3 hours 
    they had problem with  229 (01/22/1981)   
    the recorder during during 8 hours   

    this season     
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Table B-4 
Maximum Glaze and Rime in Inches for Some Test Tower Sites 

Station Name An Ms Jr Description 

1978/1979         

1- Sheffield lake 1979 2 16 2 to 2.5'' ice on tower legs 5' and top tower 6 to 8'' of ice. 

2- Portland Creek 1978 12 14  12'' to 14'' of hard rime on guys covered by soft rime. 

2a- Portland Creek 1979 2 21 Glaze 2.5'' thick and 2.5'' wide formed on NE tower face. 

2b- Portland Creek 1978 12 14 Tower completely encased in 10'' of rime. 

3- Hills of St. John 1979 2 12 Massive accumulation of glaze 7'' thick at 5' on tower leg. 

4- L'Anse au Loup 1978 12 12 2'' to 2.5'' of glaze at tower top. 

  1979 2 14  8'' to 10'' of hard rime on rods. 

4a- L'Anse au Loup 1979 2 14 Glaze on tower leg measuring 2'' to 2.5''. 

6- East Blue Mountain 1979 2 12 10 to 12'' of glaze on tower. 9'' of glaze on guy. 

9- 28 Mile Section 1979 2 16 3'' of glaze at 5' on tower leg. 2.5'' of glaze on guys. 

1979/1980         

2- Portland Creek 1979 12 20 6 to 8'' of hard rime on tower. 

2b- Portland creek 1980 1 16 5'' to  6'' of hard rime on bottom tower and 10'' at top. 

  1980 3 29 Large deposit of rime ice 10'' to 12'' at top tower. 

4- L'Anse au Loup 1980 2 12 Huge glaze covered by soft rime on guy 7'' to 8''. 

4a- L'Anse au Loup 1980 2 12 Tower covered by 2.5'' of glaze and soft rime. 

6- East Blue Mountain 1980 1 10 7'' of hard rime on tower leg. 

7- Torrent R Hawkes B 1980 3 27 3'' of glaze on tower leg. 

1980/1981         

2- Portland Creek 1981 1 10 6 to 8'' of hard rime at top tower. 

2b-Portland Creek 1981 2 18 Hard rime 9'' at 5' level of leg and 12'' to 14'' at tower top. 

2d- Portland Creek 1981 3 16 3'' to 7'' of glaze on the ground. 

3- Hills of St. John's 1981 4 13 2'' to 4'' of glaze on the ground. 

4- L'Anse au Loup 1981 1 10 4'' hard rime over 2'' glaze on tower.  12'' hard rime on rods. 

1981/1982         

2- Portland Creek 1982 2 6 Tower filled with 36'' of hard rime at 5' level. 

2b- Portland Creek 1982 2 18 Tower filled with 28'' of hard rime at 5' level of leg. 
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Table B-4 
Maximum Glaze and Rime in Inches for Some Test Tower Sites 

Station Name An Ms Jr Description 

1982/1983         

2a- Portland Creek 1983 4 5 7'' of hard rime. 

2b- Portland Creek 1983 4 5 6'' of hard rime. 

2d- Portland Creek 1983 4 5 8'' of hard rime. 

4- L'Anse au Loup 1983 3 2 8'' of glaze on tower leg guys base. 

1983/1984         

2b- Portland Creek 1984 3 8 12'' of rime. 

4- L'Anse au Loup 1984 3 8 18'' of rime underlain by 2'' of glaze. 

1984/1985         

2- Portland Creek 1984 12 14 18'' of pendant Glaze. 

2b- Portland Creek 1985 2 13 30'' of rime on tower. 

2d- Portland Creek 1985 2 13 10'' of rime on tower and 6 inches of rime on guys. 

1985/1986         

2b- Portland Creek 1985 12 12 6'' of pendant Glaze. 

1986/1987         

2- Portland Creek 1987 3 12 20'' of rime on tower. 

2b- Portland Creek 1986 12 12 18'' of rime on tower. 
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Table 4a 
Extreme Values Analysis of Amplified In-cloud Icing on Test Towers* 

 
TT Site Seasons 

n 
Altitude 

m 
50 year 

mm 
Dominant icing 

 Type             Direction 
# 1 Shiffield Lake 1 450 200 glaze E 
# 2 Portland Creek 9 610 800 Hard rime SW 
# 2a Portland Creek 6 550 240 Hard rime Variable 
# 2b Portland Creek 9 630 700 Hard rime SW 
# 2c Portland Creek 6 530 70 Hard rime SSW 
# 2d Portland Creek 4 610 320 Hard rime SSW 
# 2e Portland Creek 1 230 80 Rime ? 
# 3 Hills of St-John 5 460 160 Hard rime E 
# 4 L’Anse au Loup 6 530 400 Hard rime NE 
# 4a L’Anse au Loup 6 460 100 Glaze E 
# 6 East Blue Mountain  2 460 300 Glaze SW 
# 7 Torrent River Hawkes Bay  3 400 170 Hard rime W 
# 9 28 mile Section 7 500 275 Glaze E 
#13 Parsons pond 2 400 100 Glaze ? 
#14 Parsons pond 8 600 600 Hard rime W 

 * This analysis is not statistically valid but is presented as an indicator for future studies. 
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Table B-5 

In-cloud icing potential accumulations based on cloud height variations1 
(in mm radial) 

 
Upper air station2 Return period years 

 5 10 50 150 500 

Goose Bay      

Ground to 550 m (950 mb) 250 300 420 490 575 

550 m to 975 m (900 mb) 450 560 820 1000 1150 

Stephenville      

Ground to 550 m (950 mb) 190 215 260 300 340 

550 m to 975 m (900 mb) 320 370 510 610 700 

 
1 These accumulations are based on a study produced in 1975 by the Service of Atmospheric Environment in Toronto: ‘In-Cloud Icing, 
James Bay and Churchill Fall power Projects’. The duration of icing conditions within two atmospheric layers (surface to 950 mb and 
950 mb and 990 mb) for a ten year period (1961-1970) were analysed and potential icing was computed. In 1973, MRI had made a 
similar analysis for Labrador and Newfoundland.  Test Tower sites installed at elevation around 600 m and operated from 1983 to 
1986 have demonstrated that in-cloud icing is a major challenge in Newfoundland and Labrador, see Table B4. 
 
2 Upper air stations are launching an instrumented radio-balloon twice a day to measure atmospheric temperature, pressure and 
moisture from ground through the troposphere and above. The two first layers of the atmosphere are analysed in the above mentioned 
report for cloud intensity and frequency. The first layer is from MSL (Mean sea level) pressure to 950mb pressure and the second layer 
is from 950 mb to 900 mb.   
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Figure B-1 
Gumbel Distribution 
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Figure B-2 
Location of TTS and PIM Sites 
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Figure B-3 
Location of TTS and PIM Sites Long Range Mountains 

 

 

 

 

 

 

Muskrat Falls Project - Exhibit 92 
Page 61 of 102



  
 Newfoundland and Labrador Hydro  - Lower Churchill Project

DC1070 - Preliminary Meteorological Load Review
Final Report - August 2008

 
 

  PRH325967.10092, Rev. 0, Page C-1
  
 

Appendix C  
Environment Canada Wind Data 
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 Table C-1 
Mean Temperature, Rainfall, Days with Rain and Freezing Rain 

Canadian Climate Normals 1971 - 2000 
Station Climatological Parameters NOV DEC JAN FEB MAR APR 
                
Wabush Lake A Mean temperature °C -8,6 -18,6 -22,7 -20,7 -13,5 -4,6 
 C1 Rainfall (mm) 7 3 1 2 3 12 
  Days with rain 3 1 1 1 2 4 
  Days with freezing rain* 1 1 2 1 3 2 
                
Churchill Falls A Mean temperature °C -8,6 -19,2 -22,3 -20,6 -13,6 -5,0 
 C1 Rainfall (mm) 8 3 1 1 4 10 
  Days with rain 3 1 1 1 1 4 
  Days with freezing rain* 1 1 2 1 3 2 
                
Goose A Mean temperature °C -4,5 -13,9 -18,1 -16,3 -9,6 -1,7 
 C1 Rainfall (mm) 20 6 2 3 5 19 
  Days with rain 5 2 1 1 3 5 
  Days with freezing rain* 3 3 2 2 2 1 
                
Cartwright Mean temperature °C -2,4 -9,9 -14,8 -14,1 -9,0 -2,3 
 C2 Rainfall (mm) 36 15 4 4 10 23 
  Days with rain 7 4 2 2 4 6 
  Days with freezing rain* 2 3 2 2 3 3 
                
Blanc-Sablon A Mean temperature °C -2,0 -8,7 -13,3 -12,8 -7,6 -1,1 
 C2 Rainfall (mm) 38 21 10 7 13 20 
  Days with rain 9 4 3 2 5 7 
  Days with freezing rain* na na na na na na 
                
St. Anthony  Mean temperature °C -1,7 -7,6 -11,6 -11,7 -7,1 -1,9 
 C3 Rainfall (mm) 68 29 11 6 17 37 
  Days with rain 9 5 3 2 5 7 
  Days with freezing rain* na na na na na na 
                
Daniel's Harbour Mean temperature °C 0,9 -4,7 -8,4 -9,6 -5,4 0,6 
 C4 Rainfall (mm) 80 28 21 13 27 35 
  Days with rain 12 6 4 2 5 8 
  Days with freezing rain* 1 2 2 2 2 1 
                
Deer Lake A Mean temperature °C 0,5 -5,4 -8,9 -9,8 -5,0 1,4 
 C4 Rainfall (mm) 61 29 21 12 27 42 
  Days with rain 11 6 4 3 7 9 

  Days with freezing rain* 1 3 3 2 2 2 
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Table C-1 
Mean Temperature, Rainfall, Days with Rain and Freezing Rain 

Canadian Climate Normals 1971 - 2000 
Station Climatological Parameters NOV DEC JAN FEB MAR APR 
                
Grand Falls Mean temperature °C 1,5 -4,3 -7,7 -8,2 -3,7 2,3 
 C4 Rainfall (mm) 71 40 33 26 38 50 
  Days with rain 11 6 5 3 6 9 
  Days with freezing rain* na na na na na na 
                
Gander A Mean temperature °C 1,0 -4,3 -7,4 -7,9 -4,0 1,3 
 C5 Rainfall (mm) 68 36 30 24 35 47 
  Days with rain 13 9 7 6 10 12 
  Days with freezing rain* 3 6 6 6 7 6 
                
Bonavista Mean temperature °C 2,7 -2,0 -5,0 -6,0 -3,0 1,1 
 C5 Rainfall (mm) 81 53 37 34 49 53 
  Days with rain 14 10 7 6 10 11 
  Days with freezing rain* 1 3 4 5 6 5 
                
Stephenville A Mean temperature °C 2,3 -3,0 -6,2 -7,5 -3,6 2,3 
 C4 Rainfall (mm) 90 47 35 29 38 55 
  Days with rain 13 7 6 5 7 10 
  Days with freezing rain* 1 2 2 2 2 1 
                
Port aux Basques Mean temperature °C 2,6 -2,2 -5,2 -6,4 -3,5 1,0 
 C4 Rainfall (mm) 126 97 53 39 61 102 
  Days with rain 14 9 6 5 8 12 
  Days with freezing rain* 1 1 3 3 4 2 
                
Burgeo Mean temperature °C 3 -3 -6 -7 -3 1 
 C5 Rainfall (mm) 146 108 84 61 82 112 
  Days with rain 13 9 7 5 8 11 
  Days with freezing rain* 1 1 2 2 3 1 
                
St. Lawrence Mean temperature °C 3,1 -1,5 -4,3 -5,0 -2,4 1,6 
 C6 Rainfall (mm) 135 92 75 58 82 106 
  Days with rain 14 11 8 7 9 11 
  Days with freezing rain* na na na na na na 
                
St. John's A Mean temperature °C 2,6 -2,2 -4,8 -5,4 -2,5 1,6 
 C6 Rainfall (mm) 116 88 74 61 77 94 
  Days with rain 16 12 10 8 12 13 

  Days with freezing rain* 1 4 7 7 9 8 
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Table C-2 
Mean Wind Speeds and Most Frequent Direction 

Canadian Climate Normals 1971 – 2000 
Station Climatological Parameters NOV DEC JAN FEB MAR APR 
                
Wabush Lake A Mean speed all directions (km/h) 15,1 13,3 14,0 14,5 15,7 15,0 
  Most frequent direction W W W W W N 
                
Churchill Falls A Mean speed all directions (km/h) 14,6 14,0 14,2 15,1 16,7 16,4 
  Most frequent direction W W W W NW NW 
                
Goose A Mean speed all directions (km/h) 16,6 17,0 16,9 15,9 16,3 15,3 
  Most frequent direction W SW SW W W NE 
                
Cartwright Mean speed all directions (km/h) 24,1 24,8 22,3 22,0 22,5 20,6 
  Most frequent direction S S S S S S 
                
Blanc-Sablon A Mean speed all directions (km/h) 22,7 24,8 22,7 22,3 23,1 21,2 
  Most frequent direction W W W W SW NE 
                
Daniel's Harbour Mean speed all directions (km/h) 24,8 25,8 26,2 22,6 22,1 20,1 
  Most frequent direction SW W W SW SW SW 
                
Stephenville Mean speed all directions (km/h) 21,2 23,5 24,9 22,0 20,9 19,6 
  Most frequent direction W W W W NE NE 
Port aux Basques Mean speed all directions (km/h) 27,4 31,5 32,3 29,6 26,7 24,5 
  Most frequent direction W W W W E E 
                
Burgeo Mean speed all directions (km/h) 26,1 28,0 28,6 27,1 26,6 24,0 
  Most frequent direction W W W W W E 
                
St. Lawrence Mean speed all directions (km/h) 28,0 31,0 32,0 32,0 30,0 27,0 
  Most frequent direction W W W W W W 
                
St. John's A Mean speed all directions (km/h) 24,5 26,6 27,6 26,5 26,1 22,5 
  Most frequent direction W W W W SW SW 
                
Bonavista Mean speed all directions (km/h) 36,2 39,1 38,9 35,7 33,9 29,3 
  Most frequent direction SW W W W SW SW 
                
Gander A Mean speed all directions (km/h) 21,9 23,4 24,2 23,0 23,1 20,6 
  Most frequent direction W W W W W SW 
                
Deer Lake A Mean speed all directions (km/h) 15,0 15,4 16,0 15,8 16,6 16,0 

  Most frequent direction SW SW SW SW SW NE 
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Table C-3 
Maximum Hourly Wind Speed (km/h) 

and 50, 150 and 500 Years Return Period 
Station Climatological Parameters NOV DEC JAN FEB MAR APR 
                
Wabush Lake A Maximum hourly speed (km/h) 80 65 72 65 59 60 
(1961 - 2006) 50 years return period 65 65 72 64 63 58 
46 years 150 years return period 73 72 80 71 70 64 
  500 years return period 81 80 89 78 76 70 
                
Churchill Falls A Maximum hourly speed (km/h) 74 72 67 65 63 65 
(1969 - 2006) 50 years return period 67 71 74 64 66 70 
38 years 150 years return period 74 78 82 70 73 77 
  500 years return period 82 86 90 76 80 86 
                
Goose A Maximum hourly speed (km/h) 81 81 84 77 77 65 
(1953 - 2006) 50 years return period 80 81 83 77 73 69 
53 years 150 years return period 89 90 92 85 80 76 
  500 years return period 98 99 101 94 88 83 
                
Cartwright Maximum hourly speed (km/h) 97 103 117 103 105 100 
(1953 - 2006) 50 years return period 106 103 110 101 111 98 
53 years 150 years return period 118 113 122 111 124 108 
  500 years return period 131 124 136 122 138 120 
Mary's Harbour A Maximum hourly speed (km/h) 93 93 80 81 83 74 
(1984 - 2006) 50 years return period 84 88 93 88 86 75 
23 years 150 years return period 93 97 103 97 95 82 
  500 years return period 103 108 114 108 105 89 
                
Blanc-Sablon Maximum hourly speed (km/h) 95 98 104 107 111 95 
(1982 - 2006) 50 years return period 97 103 117 107 114 105 
25 years 150 years return period 106 111 128 116 125 115 
  500 years return period 116 121 141 126 137 127 
                
Belle Isle Maximum hourly speed (km/h) 140 129 145 145 137 145 
(1953 - 1969) 50 years return period 153 151 172 159 158 157 
17 years 150 years return period 171 167 192 176 176 179 
  500 years return period 191 184 214 195 196 202 
                
St. Anthony  Maximum hourly speed (km/h) 80 83 100 113 90 87 
(1953 - 2006) 50 years return period 85 91 104 97 98 85 
46 years 150 years return period 93 99 116 106 107 93 
  500 years return period 102 108 128 116 118 102 
Daniel's Harbour Maximum hourly speed (km/h) 100 132 120 126 121 84 
(1953 - 2006) 50 years return period 107 118 123 117 111 90 
53 years 150 years return period 118 131 138 131 124 99 
  500 years return period 131 145 153 147 139 109 
                
Deer Lake A Maximum hourly speed (km/h) 78 70 93 65 72 64 
(1966 - 2006) 50 years return period 70 71 84 68 67 65 
41 years 150 years return period 79 78 94 74 74 71 
  500 years return period 88 87 106 81 81 78 
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Table C-3 
Maximum Hourly Wind Speed (km/h) 

and 50, 150 and 500 Years Return Period 
Station Climatological Parameters NOV DEC JAN FEB MAR APR 
                
Badger (aut) Maximum hourly speed (km/h) 65 76 80 83 48 44 
(1977 - 2006) 50 years return period 60 64 74 76 51 45 
30 years 150 years return period 67 72 85 87 56 48 
  500 years return period 75 81 97 99 61 52 
                
Gander A Maximum hourly speed (km/h) 96 107 117 105 83 80 
(1953 - 2006) 50 years return period 93 102 104 100 87 78 
53 years 150 years return period 103 113 115 111 94 84 
  500 years return period 114 125 126 126 103 91 
                
Bonavista Maximum hourly speed (km/h) 127 119 130 124 116 104 
(1960 - 2006) 50 years return period 121 131 130 130 116 99 
47 years 150 years return period 133 145 142 145 128 108 
  500 years return period 147 160 156 161 141 118 
                
Stephenville A Maximum hourly speed (km/h) 83 93 93 89 91 83 
(1953 - 2006) 50 years return period 88 100 100 99 93 87 
53 years 150 years return period 98 112 111 111 104 98 
  500 years return period 110 125 124 124 116 109 
                
Port aux Basques Maximum hourly speed (km/h) 106 115 116 120 109 100 
(1967 - 2006) 50 years return period 109 112 115 126 116 100 
40 years 150 years return period 119 122 125 141 128 109 
  500 years return period 131 132 135 157 141 119 
                
Burgeo Maximum hourly speed (km/h) 105 104 129 115 111 111 
(1967 - 2006) 50 years return period 102 103 115 113 118 106 
40 years 150 years return period 111 111 125 125 130 116 
  500 years return period 121 120 137 137 143 128 
                
St. Lawrence Maximum hourly speed (km/h) 100 107 145 145 116 96 
(1967 - 2006) 50 years return period 101 114 129 124 117 96 
40 years 150 years return period 111 125 145 138 130 104 
  500 years return period 121 137 163 154 145 114 
Argentia Maximum hourly speed (km/h) 100 105 109 111 87 87 
(1953 - 2006) 50 years return period 96 105 107 111 98 89 
38 years 150 years return period 106 116 118 124 108 98 
  500 years return period 116 128 130 138 119 108 
                
St. John's A Maximum hourly speed (km/h) 105 97 120 137 121 93 
(1953 - 2006) 50 years return period 101 102 108 114 103 87 
53 years 150 years return period 112 111 119 127 114 96 
  500 years return period 124 121 130 141 125 105 
                
Cape Ray Maximum hourly speed (km/h) 95 113 113 122 105 100 
(1953 - 2006) 50 years return period 102 115 121 124 111 111 
41 years 150 years return period 109 125 132 137 120 123 
  500 years return period 118 136 144 152 130 136 
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Appendix D  
Influence of Topography 
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Topographical Analyses 

Topographical effects should be added to the basic meteorological loads taking into account statistical 
variations within each climatic region, which is individually determined from general climate and 
geographical features. In the following tables two adjustments are estimated at the center line of line 
routes. One is taking in account of the lifting effect of moist air in the case of icing precipitation. Another 
one is assuming the effect of the surrounding ground on low clouds; lifting, filtering and sheltering. At a 
given elevation the precipitation icing load and the in-cloud icing load could often coincide and they 
should then be combined, as it has been observed at TTS (Appendix B). 
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Table D.1 Topographical Analysis of Line Routes 
Climatic Region C1 (R1/R2)   Labrador Plateau 

Region parameters: 50-year precipitation icing load PIL= 35 mm 
50-year in-cloud icing load ICIL= 70 mm 

Critical Elevation of Icing Clouds CEIC = 350 mc 
 

P.I. Ground 
elevation 

m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical 
source of  
moist air 

Gull Island to Soldiers Pond 
1-2 300 100 200 53 nil 0 Churchill River 
2-4 400 100 300 70 50 88 Churchill River 
4- 5 450+ 250 200 53 100 105 Remote 
5-7 450+ 350 c 100 40 100 105 Remote 

7-10 350 350 c 0 35 even 70 Kenamu River 
10-12 450+ 250 200 53 100 105 Kenamu River 
12-22 450 400c 50 38 50 105 remote 
22-27 450+ 350 c 100 40 100 105 St-Paul River 
27-28 500+ 350 c 150 44 150 123 St-Paul River 
26-29 400 300 100 40 50 88 St-Paul River 
29-33 350 300 50 38 even 70 Bujeau River 
33-35 400 350 c 50 38 50 88 Pinware River 

 
C  The Critical Elevation of Icing Clouds (CEIC) is always even or above the Moist Air level 
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  

 
 

Table D.2 Topographical Analysis of Line Route  
Climatic Region C2 (R3/R4)   Strait of Belle Isle 

Region parameters:  50-year precipitation icing load PIL= 75 mm 
50-year in-cloud icing load ICIL= 100 mm 

Critical Elevation of Icing Clouds CEIC = 300 m 
 

P.I. Ground 
elevation 

m 

M. Air 
Level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source 
of  

moist air 
Gull Island to Soldiers Pond 

35-38 400+ 300 100 83 100 150 Strait of Belle Isle 
38-39 450+ 200 250 131 150 175 Strait of Belle Isle 
39-40 300 200 100 86 Even 100 Strait of Belle Isle 
40-42 300 150 150 94 Even 100 Strait of Belle Isle 
42-44 200 100 100 86 Nil 0 Strait of Belle Isle 
44-45 150* 100 50 83 Nil 0 Strait of Belle Isle 
44-47 150* 100 50 83 Nil  0 Strait of Belle Isle 

Strait of Belle Isle Cable Crossing 
1-5 75* 100 Nil 75 Nil 0 Strait of Belle Isle 
5 -7 150* 100 50 83 Nil 0 Strait of Belle Isle 
5-8B 150* 100 50 83 Nil 0 Strait of Belle Isle 
5-8A 250 100 150 94 Nil 0 Strait of Belle Isle 

 
* Possible salty air 
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  
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Table D.3 Topographical Analysis of Line Routes  
Climatic Region C3 (R5/R6)  Long Range Mountains 

Region parameters:  50-year precipitation icing load PIL= 75 mm 
50-year in-cloud icing load ICIL= 100 mm 

   Critical Elevation of Icing Clouds CEIC = 350 m  
 

P.I. Ground 
level 

m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source of  
moist air 

Gull Island to Soldiers Pond  (P.I. 7 –19) 
7-8 300 100 200 113 Nil 0 Gulf of St-Lawrence 
8-9 450+ 100 350 169 100 150 Gulf of St-Lawrence 

9-10 400 100 300 150 50 125 Gulf of St-Lawrence 
10-11 300 100 200 113 nil 0 Gulf of St-Lawrence 
8A-9A 350 100 250 131 even 100 Gulf of St-Lawrence 

9A-10A 400 100 300 150 50 125 Gulf of St-Lawrence 
10A-10 350 100 250 131 even 100 Gulf of St-Lawrence 
8B-9B 450+ 100 350 169 100 150 Gulf of St-Lawrence 

9B-10B 450+ 100 300 169 50** 125 Gulf of St-Lawrence 
10B-13B 300 100 200 113 nil 0 Gulf of St-Lawrence 
13B-14B 200 100 100 86 nil 0 Gulf of St-Lawrence 
14B-12 100* 100 nil 75 nil 0 Gulf of St-Lawrence 
11-14B 100* 100 nil 75 nil 0 Gulf of St-Lawrence 
11-11A 100* 100 nil 75 Nil  0 Gulf of St-Lawrence 

14B-11A 100* 100 Nil  75 nil 0 Gulf of St-Lawrence 
12-13  100* 100 nil 75 nil 0 Gulf of St-Lawrence 
13-16 100* 100 nil 75 nil 0 Gulf of St-Lawrence 

11A-12A 150* 100 50 83 nil 0 Gulf of St-Lawrence 
12A-14A 100* 100 nil 75 nil 0 Gulf of St-Lawrence 
14A-16 150* 100 50 83 nil 0 Gulf of St-Lawrence 
16-19 150* 100 50 83 nil 0 Gulf of St-Lawrence 

 
* Possible salty air  
** Some sheltering effect from surrounding ground has been included. 
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  
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Table D.3a Topographical Analysis of Line Routes  
Climatic Region C3 (R5/R6) Long Range Mountains 

Region parameters:  50-year precipitation icing load PIL= 75 mm 
50-year in-cloud icing load ICIL= 100 mm 

   Critical Elevation of Icing Clouds CEIC = 350 m c 
 

P.I. Ground 
elevation 

m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source of  
moist air 

Gull Island to Soldiers Pond  (P.I. 19 – 32) 
19-20A 150 100 50 83 Nil 0 Gulf of St-Lawrence 

20A-21A 200 100 100 86 Nil 0 Gulf of St-Lawrence 
21A-22A 350 150 300 150 100 150 Gulf of St-Lawrence 
22A-23A 500+ 250 250 131 100* 150 Gulf of St-Lawrence 
23A-24A 550+ 150 400 188 200 200 Inner Pound 
24A-25A 550+ 100 450  206 200 200 Inner Pound 
25A-26A 550+ 200 350 169 150* 175 Inner Pound 
26A-27A 450+ 250 200 113 50* 125 Inner Pound 
27A-28A 550+ 300 250 131 150* 175 Inner Pound 
28A-29A 550+ 400 c 150 94 150* 175 Main River 
29A-32 550+ 400 c 150 94 150 175 Main River 
19-25 150* 100 50 83 nil 0 Gulf of St-Lawrence 
25-27 550+ 100 450 206 200 200 Inner Pound 
27-28 550+ 200 350 169 200 200 Inner Pound 
28-30 550+ 300 250 131 200 200 Inner Pound 
30-31 600+ 400 c 200 113 200* 200 Inner Pound 
31-32 550+ 450 c 100 86 100* 155 Main River 

 
C  The CEIC is always even or above the Moist Air level  
* Some sheltering effect from surrounding ground has been included.  
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  
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Table D.3c Topographical Analysis of Line Routes  
Climatic Region C3 (R5/R6)  Long Range Mountains 

Region parameters:  50 year precipitation icing load PIL= 75 mm 
50 year in-cloud icing load ICIL= 100 mm 

   Critical Elevation of Icing Clouds CEIC= 350 m c 
 

P.I. Ground 
elevation 

m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source of  
moist air 

 Gull Island to Soldiers Pond  (P.I. 31–40) 
31-32C 550+ 450 c 100 86 100 150 Inner Pound 

32C-33C 450+ 400 c 50 83 50 125 Inner Pound 
33C-34C 500+ 400 c 100 86 100 150 Inner Pound 
34C-35C 450 400 c 50 83 50* 125 Inner Pound 
35C-36C 450 400 c 50 83 50 125 Main River 
36C-37C 500+ 350 c 150  94 150 175 Main River 
37C-37 500+ 300 200 113 150* 175 Main River 
37C-36* 450+ 300 150 94 100* 150 Main River 

31-32 550+ 450 c 100 86 100* 150 Main River 
32-34 450 400 c 50 83 50* 125 Main River 
34-35 400 350 c 50 83 50 125 Main River 
35-36 350 350 c Nil 75 even 100 Main River 
36-39 450+ 300 150 94 100 150 Main River 
39-40 400 300 100 86 50 125 Main River  

 
C  The CEIC is always even or above the Moist Air level  
* A short cut from alternative route #C to the proposed route analysed in table 10.  
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  
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Table D.4 Topographical Analysis of Line Routes  
Climatic Region C4 (R7) Grand Lake-White Bay Alley 

Region parameters:  50-year precipitation icing load PIL= 75 mm 
50-year in-cloud icing load ICIL= 70 mm 

Critical Elevation of Icing Clouds CEIC= 300 m 
 

P.I.* Ground 
elevation 

m 

M. Air 
Level  

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source of  
moist air 

Gull Island to Soldiers Pond (P.I. 40-49) 
40-41 450+ 200 250 131 150 123 Atlantic Ocean 
41-42 250 100 150 94 Nil 0 Atlantic Ocean 
42-43 250 150 100 86 Nil 0 Atlantic Ocean 

43-43A 250 150 100 86 Nil 0 Atlantic Ocean 
43A-44A 150 150 0 75 Nil 0 Atlantic Ocean 
44A-45A 400+ 150 250 131 100 105 Atlantic Ocean 
45A-46A 450+ 200 250 131 150 123 Atlantic Ocean 
46A-48 400+ 200 200 113 100 105 Atlantic Ocean 
43A-44 200 200 0 75 Nil 0 Atlantic Ocean 
44-45 200 200 0 75 Nil 0 Atlantic Ocean 
45-46 300 200 100 86 even 70 Atlantic Ocean 
46-47 450+ 200 250 131 150 123 Atlantic Ocean 
47-48 300 200 100 86 even 70 Atlantic Ocean 
48-49 250 200 50 83 nil 0 Atlantic Ocean 

Taylor’s Brook to Cape Ray (P.I. 1-17) 
T.B. -1 150 100 50 83 Nil 0 White Bay 
1 -12 100 100 Nil 75 Nil 0 Sandy Lake 
12-13 150 100 50 83 Nil  0 Grand Lake 
13-15 200 100 100 86 Nil 0 Grand Lake 

15-16A 250 200 50 83 Nil  0 Grand Lake 
16A-17A 400+ 200 200 113 100 105 Grand Lake 

15-16 300 200 100 86 even 70 Grand Lake 
16-17 350 200 150 94 50 88 Grand Lake 
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  
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Table D.4A Topographical Analysis of Line Routes  
Climatic Region C4A St-Georges Bay-Grand Lake Alley 

Region parameters:  50-year precipitation icing load PIL= 60 mm 
50-year in-cloud icing load ICIL= 70 mm 

   Critical Elevation of Icing Clouds CEIC = 350 m 
P.I. Ground 

elevation 
m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
mm 

Geographical source of  
moist air 

Taylor’s Brook to Cape Ray (P.I. 17–58) 
17-18 350 150 200 90 even 70 Deer Lake 

17A-18 400 150 250 105 50 88 Deer Lake 
18-22 350 200 150 75 even 70 Humber River 
22-23 450+ 300 150 75 100 105 Humber River 
23-24 500+ 300 200 90 150 123 Humber River 
24-25 450+ 250 200 90 100 105 Humber Bay 

25-27A 300 250 50 66 nil 0 Humber Bay 
27A-28 250 250 Nil 60 Nil 0 Pinchgut lake 
28-32 300 200 100 69 Nil 0 Georges Lake 
32-36 200 100 100 69 Nil 0 St-Georges Bay 
36-47 100* 100 Nil 60 Nil 0 St-Georges Bay 
47-49 150* 150 Nil 60 Nil 0 St-Georges Bay 
49-58 150* 100 50 66 nil 0 St-Georges Bay 

* Possible salty air 
+ When ground elevation is 100m above the actual CEIC, the total icing load should =PIL +ICIL  

 
 

Table D.5 Topographical Analysis of Line  
Climatic Region C5 (R8/R9) Atlantic Coast  

Region parameters:  50-year precipitation icing load PIL= 75 mm 
50 year in-cloud icing load ICIL= 100 mm 

Critical Elevation of Icing Clouds CEIC= 250 m 
P.I. Ground 

elevation 
m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
Mm 

Geographical source of  
moist air 

Gull Island to Soldiers Pond ( 49-65) 
49-52 250 150 100 86 even 100 Atlantic Ocean 
52-53 200 150 50 83 Nil 0 Atlantic Ocean 
53-57 150 150 nil 75 Nil 0 Atlantic Ocean 
57-58 300 100 200 113 50 125 Gander River 
58-59 200 100 100 86 Nil 0 Gander River 
59-62 300 150 150 94 50 125 Gambo Pond 
62-63 250 100 150 94 Even 100 Maccles Lake 
63-64 150* 100 50 83 Nil 0 Clode Sound 
64-65 150* 100 50 83 nil 0 Clode Sound 

* Possible salty air 
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Table D.6 Topographical Analysis of Line Routes  
Climatic Region C6 (R10/R11) Avalon Isthmus and Peninsula   
Region parameters:  50-year precipitation icing load PIL= 75 mm 

50-year in-cloud icing load ICIL= 120 mm 
Critical Elevation of Icing Clouds CEIC = 200 m 

P.I. Ground 
elevation 

m 

M. Air 
level 

m 

M. Air 
Rising 

m 

New 
PIL 
mm 

Cloud 
Forcing 

m 

New 
ICIL  
Mm 

Geographical source of  
moist air 

Gull Island to Soldiers Pond  (65-102) 
65-68 150* 100 50 83 Nil 0 Atlantic Ocean 
68-76 100* 100 nil 75 Nil 0 Atlantic Ocean 
76-83 150* 100 50 83 Nil 0 Atlantic Ocean 
83-97 100* 100 Nil 75 Nil 0 Atlantic Ocean 
97-99 150* 100 50 83 Nil 0 Atlantic Ocean 
99-101 250 100 150 94 50 150 Atlantic Ocean 

101-102 200 100 100 86 even 120 Atlantic Ocean 
* Possible salty air 
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Appendix E  
Field Trip Investigation 
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Field Trip Investigation 

The helicopter field trip from October 26 to 31, 2007 was used to look for evidence of broken tree tops, 
especially for balsam fir and spruce, to quantify the amount of ice that has affected the region.  The approach has 
been developed for the most part by the authors of this report, and has been used for Hydro-Québec ice storm 
analysis.  It is especially useful in the analysis of extensive ice storms in valleys and mountainous areas. Tree tops 
are generally broken under eccentric glaze or wet snow loads while coniferous tree tops survive heavy rime and 
dry snow.  

The following text is the site visit report issued at the conclusion of the helicopter field-trip. 

“For this project, we had planned to fly from Gull Island to Soldiers Pond and from Taylors Brook to Cape Ray.  
The section in Labrador was visited by our geotechnical representative while the meteorological and route 
selection group started from the Strait of Belle Isle to PI – 37 inland from the coast on Friday afternoon, October 
26.  There are almost no trees in this section and we could not quantify any icing events.   

At Pointe Amour, we found the exact location of the PIM site and obtained information about the observer, Mr. 
Shepperd, the lighthouse keeper.  Mr Shepperd has passed away, but we met with his two sons.  They 
remembered that their father was making ice observations, but they were unable to remember if there was a big 
freezing rainstorm in January 1983, that gave 45 mm radial ice.  The oldest son remembers times when there 
was a lot of ice on the lighthouse, but it was not due to the freezing rainstorm.  The lighthouse was just in front 
of the ocean and received it as a lot of water brought by the wind.   

We visited around Point Amour with Mr. Andre Jones, who is the observer for the Hydro-Québec PIM station at 
the Blanc Sablon airport.  From Point Amour we went as far as Pinware Bay stopping many times along the road, 
looking for broken tree tops.  About 10% broken tree tops were observed, which indicates about 15 to 25 mm 
radial ice  in accordance with the scale that was established in 2004.  Mr Jones had no recollection about a big 
freezing rainstorm in January 1983.  The maximum glaze that he registered in January 1983 is only15 mm, 
which is equivalent of 11 mm radial ice (15 x 0.7 correction factor when there is no icicle). Eighteen (18) mm is 
the maximum radial ice recorded at the Blanc Sablon airport, since the beginning of the Hydro-Québec PIM 
network operation.  The station at Blanc Sablon has been operating since the fall of1975 providing 32 years of 
data to date.  According to Mr Jones, who has been the observer for the weather station for 41 years, freezing 
rain is rare at Blanc Sablon and the amount of glaze has never exceeded one inch (25 mm).  The Point Amour 
PIM site doesn’t have the same exposure as the Blanc Sablon airport PIM site, so it’s possible that the 45 mm 
radial ice estimated at Point Amour is correct.  There are very few trees around Point Amour that can help us to 
estimate this amount of ice.  So, we took into consideration this data, when we established the regional 
precipitation icing loads for the C2 climatic regions in table 3-2. 

We flew by helicopter over Newfoundland from Saturday October 27 to Wednesday October 31 but were 
unable to fly on Sunday October 28 because of bad weather conditions.  During the morning of Saturday 
October 27, we searched for two PIM stations, one at Plum Point and the other one at Yankee Point.  Both of 
these two stations reported a heavy ice in January 1983.  Plum Point reported from 20 to 60 mm of glaze with 
icicles, which is the equivalent of 22 to 66 mm of radial ice (20 x 1.1 and 60 x 1.1, correction factor with icicles) 
and Yankee Point reported 64 mm of glaze without icicles, which is the equivalent of 45 mm of radial ice (64 x 
0.7 correction factor without icicle).  We found the PIM station at Plum Point and we were able to meet the 
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observer, Elva Spence. She was the observer for the PIM for the whole period of observation (1977 to 1987) and 
has been the observer for the Newfoundland climatological network since 1972. She showed us the book of 
weather observations for January 1983 and has all the records since the beginning.  The records from January 13 
- 14, 1983 show freezing rain started during the afternoon of the 13th continuing until the 14th along with 
16.1 mm of rain.   

With 36 years of observations to the present, she has observed very little freezing rain at Plum Point.  Of the 20 
to 60 mm of glaze that she measured on January 1983, she recalled that the 60 mm included icicles. The 
amount of ice without the icicle was about 1 inch (25 mm), which is the equivalent of 28 mm of radial ice (25 x 
1.1 correction factor with icicles).  As per her recollection, there were no tree tops broken in January 1983.   
Accordingly, balsam fir and spruce need at minimum 25 mm of freezing rain before the tops break off.  We 
investigated around Plum Point and found less than 10 percent of trees with broken tops.  No observer For the 
Yankee Point PIM station was found.  With the geographic coordinates of the site, we passed over and around 
but we were unable to see any evidence to confirm 45 mm of radial ice.  As with Plum Point, we observed about 
10 percent of the tree tops broken.  Like Point Amour PIM station, it is possible that the 45 mm radial ice at 
Yankee Point is correct.  We have considered this data in establishing the regional precipitation icing loads for 
the C2 climatic regions in table 3-2 for the southern part of the Strait of Belle Isle from PI – 1 to PI – 6 on the 
route selection maps (WTO DC1050). 

During the afternoon of Saturday October 27, we flew from Strait of Belle Isle to Deer Lake.  From the Strait of 
Belle Isle to PI – 19 we observed about 10 percent of broken tree tops representing about 15 to 25 mm radial 
ice.  On Sunday October 28, we didn’t fly because of bad weather conditions.  On Monday October 29, we flew 
back and forth from Taylors Brook to PI – 19, from Taylors Brook to Grand Falls and back and forth and from 
Taylors Brook to Cape Ray.  From Taylors Brook to PI – 19, we flew over the west option going and the east 
option on the way back.  There were a lot of places without trees and other places with very small trees.  In this 
case, it is very difficult to make an estimation about the amount of icing for the region.  Along the Long Range 
Mountains, the percentage of the broken tree tops was estimated around 10 to 20 percent, except between PI – 
25 and PI – 26 where we noted from 20 to 30 percent.  Between these two PIs, a rise in elevation from 50 to 
500 m in three kilometres was observed.  According to the scale established in 2004, 20 percent broken tree 
tops translates into about 25 to 40 mm radial ice.   

From PI – 6 to PI – 40, in the Long Range Mountains, we know that a lot of ice and rime was registered during 
the Climatological Monitoring Program from 1977 to 1987.  In Table B-4, we note at the Hills of St John test 
tower site, located 460 meters above sea level, registered 7 inches of glaze in February 12, 1979. At East Blue 
Mountain test tower site, located at 475 m above sea level,  from 10 to 12 inches of glaze on tower was 
observed on February 12, 1979. The Portland Creek test tower site, located at 630 m above sea level, registered 
36 inches of hard rime.  These values are extreme values and were registered at the top of the mountains on the 
exposed summits.  In determining the regional precipitation icing loads and the regional in-cloud icing loads for 
the C3 climatic region in Tables 3-2 and 3-3, we have considered these important values.  As the line route 
selection passes through the Long Range Mountains area for more than 100 km, where amplification icing and 
in-cloud icing are major problems, tone should avoid placing towers on mountain summits which are well 
exposed.  Should there be no choice, mitigation measures could be required. 

From PI – 40 to Pi – 55, Taylors Brook to Grand Falls, we noted less than 20 percent broken tree tops, which 
means about 25 to 40 mm radial ice.  Between PI – 41 and PI – 43, we expected to find 40 to 50% broken tree 
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tops in some places, because the important value registered at the Hampden PIM station, 58 mm radial ice (table 
B-4), in January 1979.  We flew to Hampden but didn’t find the exact location of the PIM station, we landed and 
looked around for broken tree tops. There were less than 20%.  The distance between Hampden PIM station and 
PI - 41 to PI – 43 is about 10 to 15 km.  This area has the same pattern as the area of Pentecôte, between Baie-
Comeau and Sept-Îles, on the Québec north shore of the gulf of Saint Lawrence, where tower collapses have 
occurred on two occasions due to icing amplification (April 1973, 32 towers and April 2005, 14 towers).  For 
these two events in Pentecôte, radial ice from 50 to 75 mm was observed. A corresponding 50 to 80 percent of 
tree tops were broken.  At the test tower site at Sheffield Lake, 10 km from PI – 47 to PI – 49, from 2.0 to 2.5 
inches (50 to 65 mm) of ice was measured on the tower leg at 5 feet (1,5 m) from the ground while the top tower 
was encased in 6 to 8 inches (150 to 22 mm) of ice.  We flew over the region of the Sheffield Lake test tower site, 
but as there were almost no trees, we weren’t able to quantify any amount of ice.  This section of the line route 
is located in the C4 climatic regions.  We have considered the measurements at Hampden PIM station and at 
Sheffield test tower site to establish the 75 mm base icing loads for 50 years return period presented in Table 3-2. 

For the last section, from Grand Falls to Soldiers Pond, PI – 55 to PI – 102, we estimated the percentage of 
broken tree tops at 20 percent, which means around 25 to 40 mm radial ice.  We expected more than that, 
especially in the Avalon Peninsula.  In this section of the line route selection, there were 8 PIM stations (Stony 
Brook, Gander, Port Blandford, Sunnyside, S Turn, Western Avalon, Holyrood and St. John’s) during the 
program.  The maximum value registered was 28 mm radial ice in Gander in April 1982.  The PIM stations and 
the broken tree tops in this region did not register a lot of ice.  However, we know that the Avalon Peninsula has 
experienced considerable icing on many occasions; 1970, 1984, 1988 and 1994, as reported in the article 
“Twenty Years of Ice Monitoring Experience on Overhead Lines in Newfoundland and Labrador”.  We have used 
this information to estimate the precipitation icing loads for C5 and C6.   

From Taylors Brook to Cape Ray, we did not find many broken tree tops which we have estimated at 10 percent 
except for Taylors Brook (PI – 1 to PI – 17), where it was about 20 percent.  For this first part of the line route 
selection, however, we keep in mind the important value registered at the Hampden PIM station in January 1979 
with 58 mm radial ice.  This section of the line is in the C4 climatic region for precipitation icing loads where 75 
mm of radial is retained for 50-year return period.  From PI – 18 to PI – 58, as we mentioned above, there were 
about 10% broken tree tops observed, translating into 15 to 25 mm radial ice.  In this area, there were three 
PIM’s during the Climatological Monitoring Program, at Deer Lake, Stephenville and Port aux Basques.  The 
Stephenville PIM station operated for just one season in 1979/1980, the Deer Lake PIM station operated for three 
seasons (1980 to 1983) and the Port aux Basques PIM stations operated for the whole period (1977 to 1987).  
The maximum radial ice measured was 21 mm at Port aux Basques during the 1981/1982 season.  Very little ice 
was measured in this region during the program otherwise.  This program ran for just 10 years, which is a short 
period of time for the measurement of icing precipitation.  This section, PI – 18 to PI – 58, is located in the C4A 
climatic region for precipitation icing loads, with 60 mm radial ice for a 50-year return period.” 
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Figure E-1 
Broken Trees – Plum Point (about 25 years) 
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Figure E-2 
Broken Trees – Plum Point (about 25 years) 
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Appendix F  
Key Plan Routes 

(from WTO’s DC1050 and DC1060) 
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Appendix G  
Hydro Transmission Line Loadings 
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Transmission Line Loading - LC Engineering 

Line Location Voltage Construction Design Max Ice Max Wind 
(kV) (inch) (mph) Ice (inch) Wind (mph)

TL 240 (Labrador) Churchill Falls to Gull Island 138 Wood 2.25 72 0.5 55
TL 240 (Labrador) Gull Island to Goose Bay 138 Wood 1.75 72 0.5 55
TL 241 (Northern Peninsula) Plum Point to Peter's Barren 138 Wood 1.75 110 1 55
TL 227 (Northern Peninsula) Cow Head to Rocky Hr. 69 Wood 1 110 0.5 60
TL 251 (Northern Peninsula) Howley to Hampden 69 Wood 2 83 0.5 55
TL 252 (Northern Peninsula) Hampden to Jackson's Arm 69 Wood 2 83 0.5 55
TL 239 (Northern Peninsula) Berry Hill to Deer Lake 138 Wood 1 110 0.5 55
TL 232 (Central Newfoundland) Buchans to Grand Falls 230 Wood & Steel 2 110 0.5 55
TL 233 (Western Newfoundland) Buchans to Bottom Brook 230 Wood & Steel 1.5 110 0.5 55
TL 248 (Western Newfoundland) Deer Lake to Massey Drive 230 Steel 1.75 110 0.5 73
TL 211 (Western Newfoundland) Massey Drive to Stephenville 230 Steel 1 110 0.5 73
TL 214 (Westcoast Newfoundland) Bottom Brook to Doyles 138 Steel & Alum. 1 117 0.5 55
TL 215 (Westcoast Newfoundland)  Doyles to Grand Bay 69 Wood 1.5 150 1 73
TL 210 (Central Newfoundland) Grand Falls to Gander 138 Wood & Steel 1 110 0.5 73
TL 207* (Avalon) Sunnyside to Come By Chance 230 Steel 1:50 3 110 1.5 55
TL 237* (Avalon) Come by Chance to Western Avalon 230 Steel 1:25 2.6 110 1 55
TL 203 (Avalon) Sunnyside to Western Avalon 230 Wood 1.5 110 1 55
TL 201 (Avalon) Western Avalon to Hardwoods 230 Wood 1.5 110 1 55
TL 217* (Western Avalon) Western Avalon to Holyrood 230 Steel 1:50 3 110 1.5 55
TL 217* (Avalon) Western Avalon to Holyrood 230 Steel 1:25 2.6 110 1.5 55

* Line was upgraded in 2000

Combined 
Loading
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Appendix H  
Note on January 1998 Ice Storm in Québec 
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Note on January 1998 Ice Storm in Québec 

The following is a short description of the damages incurred by Hydro-Québec during the January 1998 
ice storm and the measures implemented to mitigate, in the future, such catastrophic events.  

From January 5 to 9, 1998 Québec and neighboring Provinces and US States were hit by three 
consecutive catastrophic freezing rain ice storms. 

In Québec, on Friday, January 9 at the end of the storm, freezing rain accumulations was 49.4 mm at 
Mirabel (North of Montreal) and 78.4 mm at St-Hubert (South of Montreal) with  20 to 40 km/h wind 
speed. The damages affected the regional network, essentially the south shore of Montréal, the 
Montérégie area and the Outaouais area 1,400,000 customers were left without electricity and 
downtown of Montréal was under a black out. The most affected line sections were perpendicular to 
wind coming from the north. 

• 3000 km of lines were damaged; 

• 116 lines were out of operation; 

• 513 steel towers crashed ( 735,315 and 230 kV); 

• 1091 120-kV steel towers collapsed; 

• 1500 wood poles structures damaged; and 

• 14,000 distribution poles were destroyed. 

 
This storm struck also, with a lesser intensity, the neighboring provinces (eastern Ontario and 
New Brunswick) and US states (Northern New York state, Vermont, New Hampshire and Maine), 
causing many line collapses and also ground wire  and conductor breakages. Many hundreds of 
thousands of customers were without electricity for many days, and even several weeks. 

• Ontario Hydro lost: 2,500 kV lines; 12,230 kV lines; and 9,115 kV lines with total of 130 tower 
collapses.  A large part of the distribution network in the east was completely destroyed; 

• NYPA lost a 765 kV line near Massena substation; 

• NEEPOL lost the +/- 450 kV d.c. bipole line; 

• In New England many 345, 230; 115 and 69 kV were also damaged; and 

• Maine State was declared a disaster area by the US President. 

 
An equivalent radial ice thickness on the conductors of 40 mm to 75 mm was estimated, with wind 
speeds varying between 20 and 40 km/h. Equivalent ice thicknesses of 75 mm were estimated from the 
data recorded at the PIM stations located at Huntington and Iberville. 

Meteorological experts from Hydro Québec and Environment Canada consider that the January ice storm 
of 1998 was an exceptional event in terms of the area affected as well as its intensity and its duration.   A 
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similar storm has never been recorded in Québec and this ice storm is given a 400 year return period. 
The total freezing accumulation was double that of the most important ice storms which hit these regions 
in 1942, 1961 and 1986. 

Given the socioeconomic impact of the storm and to prevent Québec residents from having to 
experience such an event ever again, TransÉnergie established strategies to improve the design of the 
transmission system and facilities and defined measures for accelerating the restoration of service in the 
event of a similar situation. These strategies have included: 

• Set up strategic corridors according to the three high-risk areas identified. This will help maintain the 
supply to 735 kV substations and would evacuate minimum generation (for ecological and 
contractual reasons) from the Manic Outardes–Bersimis–Churchill Falls hydroelectric complexes 
(about 2600 MW). This is being implemented by the installation of a DC de-icer at the Levi 
substation near Québec city to melt the ice on certain strategic 735 kV and 315 kV lines; 

• Increase the supply capacity on the transmission system during exceptional events by building an 
interconnection with the Ontario network. (Not yet implemented); 

• Ensure diversified supply in downtown Montréal by adding a loop between Aqueduc and Atwater 
substations; 

• Ensure the supply of priority loads for high-risk areas in conjunction with the distribution system, 
regardless of the load block involved; 

• Provide a supply in high-risk areas of at least 50% of the peak load for load blocks greater than 
200 MW by ensuring a diversified supply (two separate sources) or by using strategic corridors; 

• Designate, for load blocks less than 200 MW in high-risk areas, potential backup sources and 
reinforcement projects that will allow all substations to be reconnected within three weeks; 

• Review existing overhead line standards and issue a new standard to specify new weather loads all 
across Québec. Define containment measures and safety measures and identify most exposed lines 
sections; and 

• A new weather load map has been issued and the following table shows the weather loads adopted 
before the storm, and the new loads selected for the new lines; 

• Improve existing weather loads monitoring all across the network; 

• Design the new lines in strategic corridors in high-risk areas so that their reliability is two levels 
higher in relation to projections of climatic loads with a 50-year rate of recurrence. These lines will 
thus be strengthened to handle climatic loads corresponding to a period of recurrence of 1:500 years 
instead of 1:50 years, i.e. radial icing load of 65 mm instead of 45 mm in the southern service area; 

• Other measures along these lines to minimize the risk of cascading; 

• Check existing lines to ensure that their strength still complies with new design criteria and, if not, 
strengthen the weak points or replace any defective or aged components; 
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Table 5.3 
Examples of Three Levels of Climatic Load for Restoration Projects 

 Original Loads Loads for Restoration 

 Level 45 Level 55 Level 65 

Freezing rain only 45 mm 55 mm 65 mm 

Combined freezing 

rain and wind* 

20 m 

80 km/h 

(600 Pa) 

25 mm 

85 km/h 

(680 Pa) 

30 mm 

85 km/h 

(680 Pa) 

Maximum wind* 110 km/h 

(1140 Pa) 

120 km/h 

(1360 Pa) 

120 km/h 

(1360 Pa) 

Level retained 

230 kV B. St-C. 

735 kV B. Hertel 

735 kV Hertel-Nic. 

  

 

 

x 

 

x 

x 

* Note:   Reference velocities at 10 m from the ground.  The pressures are typical affective pressure values at mean cable height. 

• Review certain maintenance and operating procedures, such as rapid reconstruction, the availability 
of replacement parts in case of emergency; and 

• Emphasize research and development with respect to ice-related phenomena in order to find 
innovative, reliable and cost-effective solutions. 

 
Risk analyses have shown that de-icing methods combined with targeted line reinforcement are the most 
efficient solutions to secure power supply. 

The following solutions were developed:  

• 250 MW direct current converter de-icer capable of supplying a 7200 A current at ± 22 kV; 

• A ground wire de-icing robot; 

• A remotely-operated steam deicing vehicle to de-ice substation apparatus; 

• A shock-wave de-icer for conductor and ground wire; and 

• About 120 circuits from 69 kV up to 315 kV were identified as potential candidates for load transfer 
de-icing by forcing more load current through a particular circuit by transferring loads from other 
circuits linking the same two substations. 

 
Hydro One was less affected by the storm, because ice loads were not as great. They lost essentially old 
lines in eastern Ontario which were designed for lower loads than the lines built since 1980 (designed 
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for 55 mm of glaze ice). They implemented many measures to reinforce old lines and an emergency 
restoration plan was developed and spare parts were ordered and stored in different regions. 

Following this storm many utilities decided to review the design of their network. NYPA has reviewed 
their line designs, investigated the weather loads and decided to reinforce some sections. An Emergency 
restoration plan was also implemented. 

BC Hydro has reviewed completely its network to identify the most vulnerable line sections, to select 
adequate reliability levels according to the importance of each line and to implement some 
reinforcements.
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Appendix I  
Estimate for Wind Measurement Towers 
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