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Abstract

ibis paper presents an overview of the Canadian
Electricity Association (CEi) sponsored Wind and
he Load project that is presently being pursued by
two electrical utilities (Newfoundland and Labrador
Ilydro (NLH) and Ontario Hydro (OH)) and one

University (Ecole de Technologie, Superienre) in col-
laboration with Hydro-Québec, Canada, The ob-
jective of this project is to validate three ice accre-
Don models for freezing precipitation! verified by long
terni field data obtained from three full-scale, test
sites. These sites have been developed at three differ-
ent regions in Canada, which are exposed to freezing
precipitation. One site is located near St. JoFin's,
'Ne\vfoundland, a second at Ottawa, Ontario, and the
third at Québec City, Québec. (The site near Québec
City has been developed by Hydro-Québec (HQ).)
Preliminary results obtained from the three ice ac-
cretion rriodels--using specific storm data from the
test sites-show that two models underpredict ice ac-
cretion, while the third one overpredicts.

caused by freezing precipitation. To understand
the ice accretion problem better, CEA sponsored a
project that incorporates monitoring three full-scale,
test sites to collect wind and ice-load data on trans-
mission lines.

These sites are designed to serve as instrumented
monitoring stations to record continuously: wind
speed, direction, ambient temperature, precipitation,
icing with an ice detector, load along the insulator
string, swing angles in both directions (transverse
and longitudinal,), and ice information from passive
ice meters. Furthermore, NLH's test site is instru-
mented with load cells to measure tensile loads in the
guy wires and conductors. This site also has a remote
ice growth detector that monitors ice accretion on a
100 cm long by 2.54 cm diameter cantilever beam [4].

Figure 1 shows the locations of these test sites in
Canada. The data collected will be used to validate
three ice accretion models: 1) Chainó and Skeates
[1], 2) MRI [2] and 3) Makkonen [3].

1.1 Site Descriptions
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1 Introduction

Each year, forced power outages are experienced
across Canada, because of transmission line icing.
Electrical utilities often encounter severe damages.
which cost several million dollars. These damages
are mainly attributed to conibine wind and ice loads
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1.1.1 NLH's Test Site

At NLH's test site, there are three structures: a cen-
tral guyed steel V-tower (the main structure), and
two wooden end structures. A single conductor is
strung from one wooden end structure through the
middle phase connection of the central tower to the
other wooden end structure. These three structures
form a straight line in the east-west direction, with
each end structure located approximately 213.4 m
from the central tower. (Refer to Figure 2.)

Many sensors are installed on the central tower.
The central tower is supported by four guy wires. A
load cell is connected in series with each guy to mea-
snre the tension. Further, there are two swing trans-
ducers and an axial load cell installed between the
insulator string and the centre of the tower bridge.
Bracing members on the bridge provide an ideal lo-
cation for most of the meteorological sensors e.g.,
a heated anemometer (speed and direction). Strain
gauges have been installed on selected members at the
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Figure 1: Locations of Test Sites.
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Figure 2: NLH's Test Site.
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base of the tower to measure the loads transferred to
the foundation by the tower,

At two locations near the equipment shelter, there
are six meteorological sensors: two temperature
gauges (dry thermistors), a dew cell and relative hu-
midity sensor, housed in a Stevenson's screen (i.e.,
solar radiation shield), and four precipitation gauges.
Additionally, there are two passive ice meters (PIMs),
a remote ice growth detector (RIGD') and a dummy-
beam to check the accumulated ice mass reported by
the RIGI) manually.

1.1.2 OH's Test Site

Ontario Ilydro (OH) has been maintaining its test
site for measuring wind and ice loads on a 500-ky
transmission tower, near the Ottawa airport, since
1989. Some additional sensors were added to the test
site to record the parameters required to run the three
ice accretion models. Figure 3 delineates the layout
of the test site. The test site is now complete with
the following sensors:

• a load cell package (TLNS2-10), measures wind
and ice load on the conductor,

• conventional anemometer (i.e., non-heated), at 2
m above the top of the tower,

• ice-free anemometer, at 10 m above ground on
the tower.

• temperature sensor, in a solar radiation shield,

• relative humidity sensor (dew-point is calculated
from ennperature and humidity),

• ice detector, modified Rosemount ice-detector,

• passive ice meter, being monitored at Ottawa air-
port, 3 km from the tower, and

• precipitation gauge, with a heater to measure
freezing precipitation.

1.1.3 HQ's Test Site

At 25 km northwest of Québec City and 9 km north
of the Québec-City airport, the test site at Mt. Bélair
is noticeable with its altitude of 490 m in a corridor
formed by the Laurentian Valley and surrounded by
the Laurentian Mountain ridge.

The main winds, which generally travel northeast
(along the axis of the St. Lawrence river), experi-
emice an uplift when they pass over Mt. Bélair. This
test site provides measurements of several mneteoro-
logical paranncter.s, and records mainly wind and ice
loads on a 315-kV transmission line. Further, HQ

'RIGD was developed by NLH's Technical Support Group.
2'l'LNS 10: TRANSLOAI) system developed by Ontario

Ilydro.

also installed a load measuring system on a 735-ky
line, which is situated adjacently to the 315-ky line.
(N.B.: The 735-ky line is at the same elevation as the
315 kV. Therefore, it is assumed that the exposure to
atmospheric phenomenon is the same for both lines.)
Both lines run over Mt. Bélair. Notwithstanding, for
the CEA study, the 315-ky line was chosen for the
icing load measurements.

As depicted in F'igure 4, a TLNS-10 is installed
on the tower, which supports the 315-ky line. The
site is also equipped with two heated anemometers
located on the 315-ky line at 12 mu and 10 m above
the ground, respectively. Moreover, a heated precip-
itation gauge and a passive ice meter are located on
the ground about 15 m away from the 315-kV line
tower.

2 Concerns and Problems

2.1 NLH's Test Site

Starting at 11:00 p.m., March 11, 1994, a three-hour
icing event was recorded at NLH's test facility. At
approximately 11:30 p.m., the wind direction sensor
for anemometer #2 (Figure 2) stopped working. For-
tunately, the main tower anemometer was functional
and it recorded the wind direction varying between
15°northeast and 25°northeast. Based on the data
from two rain gauges, over 70% of the freezing pre-
cipitation fell during the first hour of the storm, with
significantly less rain for the remaining two hours.

2.2 OH's Test Site

During the 1993-1994 winter, OH's test site expe-
rienced only one icing storm attributable to freez-
ing precipitation. Anemometers at the site malfunc-
tioned during the storm. Therefore, wind data from
the Ottawa airport were used to complete the data set
for the icing event. Further, the modified Rosemount
ice detector malfunctioned with the data acquisition
system, during the icing event.

2.3 HQ's Test Site

Data have been continuously recorded starting on
November 25, 1994. However, initially, some mneteo-
rological parameters were not available. For instance,
the precipitation gauge did not work before February
7. Besides, the load measurement system on the 315-
kV line (i.e., TLNS-10) never worked correctly. Ac-
cordingly, estimated ice loads on the conductor were
obtained from the load measuring system installed on
the 735-kV line--the one next to the 315-ky line. He-
garding the wind direction and speed, the anemome-
ters were out of order part of the time during some
icing events. These anemometer problems were prob-
ably ascribed to icing from freezing precipitation.
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Figure 3: OH's Test Site.
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FIgure 4: HO's Test Site.
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3 Results

From each test site, a specific icing event was selected
for this model validation study. For each icing model,
the required input parameters were: the wind speed
component normal to the transmission line (i.e., con-
ductor), precipitation intensity, temperature and rel-
ative humidity. Each model outputs load per unit
length on the conductor, and the equivalent radial
ice thickness. These results were then compared with
those obtained from field measurements at each test
site.

3.1 NLH's Site Results

Input parameters for the icing event were obtained
from the following: Averaged wind speeds ranged
from 24.79 kmph to 31.67 kmph, wind direction
changed from 0°north to 22.9°northeast, precipita-
tion intensity was 15 mm, and the ambient tempera-
ture varied between -1.12°C and -2.28°C, Table 1
epitomizes the results obtained.

Table 1: NLH's Model Comparisons.

Model Estimated Loads, Nm'
MRI 3.9
Makkonen 4.0

Chainé & Skeates 27.37
Measured (RIGD) 5.0
Measured (Load Cell) 4.1

3.2 OH's Site Results
Parameters for the icing models were extrapolated
from the hourly averaged wind data at the Ottawa
airport and icing data from the test site. Table 2
shows the results obtained.

Table 2: OH's Model Comparisons.

Model Estimated Loads, Nm1,

MRI 2.72
Makkonen 1.89

Chainé & Skeates 8.21
Measured (Load Cell) 3.18

3.3 HQ's Site Results

Hydro-Québec's site experienced 12 icing events
caused by freezing rain or in-cloud icing between
November 28, 1994, to April 18, 1995. Ice loads at
HQ's test facility were significant. That is, they ex-
ceeded the minimum ice accretion (100 gm') nec-
essary, and are suitable for icing model verifications.

Data comparisons for an icing event, which occurred
on March 7-8, are presented in Table 3.

Table 3: HQ's Model Comparisons.

Model Estimated Loads, Nm1
MRI 0.93
Makkonen 1.12

Chainé & Skeates 2.54
Measured (Load Cell) 1.55

4 Discussion of Results

4.1 NLH's Site Results

Both the Mill and Makkonen models were ac-
ceptably accurate in estimating the ice loads. The
MRI model computed the ice load to be 3.9 Nm',
while the Makkonen model resulted in 4.0 Nm''.
These values correspond to the remote ice growth de-
tector (RIGD) and the conductor-load-cell values of
5.0 Nm'' and 4.1 Nm', respectively. When com-
pared with the loads reported by the load cell, the
MRI and Makkonen had error margins of 4.87%
and 2.44%, in the order given. Results from Chaind
and Skeates's model-when compared with the ac-
tual measurements (RIGD and load cell)-show error
margins of 569.4% and 446.3%, respectively.

4.2 OH's Site Results

Data gleaned from OH's test facility also confirmed
that the MRI and Makkonen models predict values
that are closer to the actual (i.e., load cell) field mea-
surements. That is, when compared with the results
obtained using the Chainé and Skeates's model.
This is seen from the data tabulated in Table 2; the
Chalné and Skeates's model highly overpredicts the
load.

4.3 HQ's Site Results

As shown in Table 3, the results obtained from HQ's
test facility exemplifies the findings reported by the
other two utilities (i.e., Ontario Hydro and New-
foundland and Labrador Hydro). Again, the Chainé
and Skeates's model overestimated the data ob-
tained from actual field measurements by 64%. Both
the MRI and Makkonen models underestimated
the field-measured load by 40% and 28%, respectively.

5 Concluding Remarks

It is still early, at this stage in the CEA project, to
make any definitive conclusions regarding the three
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ice accretion models. Nevertheless, based upon the
data from the three icing events presented in this pa-
per, it is concluded that the Chainé and Skeates's
model overestimates the accreted ice, for freezing pre-
cipitation. On the other hand, the results also sug-
gest that the MRI and Makkonen models underpre-
dict the load. Whether these trends are influenced by
such parameters as wind speed, etc., can only be veri-
fied when more field data are obtained and analyzed.
Presently, the three electrical utilities are acquiring
and processing other storm data to validate the three
ice accretion models further.
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