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Instructions to Prepare Site Visit Report Forms
a. General Conditions
1. Site Number or Location
2. Date: Month, day, and year.
3. Time: Times of start and finish of observation.
Use 24-'hour clock and local time. -
4. Sky Cover: Tenths of cloud cover, such as "'8" or ''fog'.

5. 'Cloud Height Above Site Level: Estimated height in feet.

6." Wind
a. Direction: By sector, such as, WNW
b. Speed: In miles per hour.
.€. Indicate whether tzken from chart or measured
with hand set.
%, . Temperature: In degrees Fahrenheit. Indicate whether

from chart or psychrometer.
8. Relative Humidity: In percent. Indicate whether from
chart or psychrometer. _
9. . .Precipitation: Type and intensity of precipitation, if any,
= occurring at time of observation, such as, S--.
| §0. Icing Rate Meter Reading: Record both the chart and

dial readings.

b. ‘Boxes: Complete boxes for three or more positions along
| horizontal span énd two or more, including top, along vertical
span. ‘

}. Photo Numbers: Number rolls and exposures consecutively
frorﬁ start of program. Write 22nd roll, 13th exposure as
22~13. 1f more than one picture taken at that spot, record
them all, e.g. 22-13, 14, 15.

2. Overall Shape: Record as circular, oval, pennant-west,
irregular; or véry irregular. Always indicate direction

pennant is pointing.
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'
Dimensions: Mea‘sure with calipers where possible;
otherwise, check "estimated'. Give diameter for cir-
cular shape. Give greatest and least dimensions for

oval. Give length and greatest width for pennant. | Amplify
under Remarks. .

Character of Ice: Record one description from each of

the following columns. Describe in more detail in Remarks.

" Smooth : Clear Hard

Rough Opaque - Medium Hard
Mixture Mixture Soft and Crumbly Frost
Conductor Visible? Enter yes or no plus remarks, such

as, yes, faintly, through smallest dimension.

“.Density: Enter approximate density obtained by specified -

¢echnique. This will vary from about 0. 2 for very soft

“¢ime t0'0. 9 for clear, hard ice. Enter only for those loca~

tions actually measured.

""Layers:; When layers can be identified, enter approximate

thickness and the character {from table above) of each
layer. Start with that nearest the conductor. If no apparent
layers, so indicate and give character of innermost and

outermost portions.

¢. Remarks

'1.

General Photo Numbers: Record roll and exposure numbers
of pictures not covered in data boxes. If there can be any

question describe what picture is of.

. .Shape and Dimensions: Add amplifying remarks on shape

and dimensions and how they vary along the conductor. We
can reconstruct only as well as you describe.
Character: Add amplifying remarks on the character of

the icc and how it varies along the conductor.
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"Ice on Towers: Describe the structure of any ice on the

towers: shape, dimensions, character. Does it fill the
tower interior? Does it encase the MWS?

Ice on Guys: Describe ice on guys the same as for towers,
Snow Depth and Character: Record average snow depth and

¢character; e.g.,.wet and heavy, hard packed, drifted,' etc.

- General Rernarks:. Add Additional remarlks about ice on

surrounding trees and shrubs.

d. General Instructions:

I,

‘Draw line from cross section to data box that describes

it-and to location along the conductor.

Include dimensions on all cross sections.

‘Indicate distance from end or top for each cross section.

Measure dimensions with calipers whenever possible.
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" méieoralogy research, i ine. © 464 w. woodbury rd.  altadena, calif.

Moiting address:
Rov 637, Altadena,

30 .Ianué.ry 1975 Cald. 900t

Prone. 213 M1.1908

R " T "7 911 314 1027

Mr. Art Haim;:.h .
Teshmont Consultants, Ltd.
225-2025 Corydon Avenue
Winnipeg, Manitoba

R3P ONS5 '

Canada

Dear Art:

Attached are five copies of the summary of the revised return period

values of transverse wind loads and winds associated with icing storms.

-These values were obtained by reviewing hourly weather records for
/g several days after icing ceased. All values of icing given in the
September, 1974 report remain the same.

- If you have any questions about these results or need ény additional
information, please give me a call.

Sincerely,

@muﬁ% ' ng

Ronald J. Bovmer

Meteorologist
RJB/cm ' - ' e —_n - —v— " a4 @ e e e e imerrm —
i : : 1
. FEB 4 1575 o b, R
Enclosures . - i S S
’ : i
ML S e d e Rt ' o ":—Z?g\‘a?’b't v -..
k Ak
. 1% = 50 8¢y
P -
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REVISED COMBINED WIND AND ICE LOADINGS
FOR A PORTION OF THE
GULL ISLLAND TRANSMISSION LINE

During the analysis of weather records for eastern Newfoundland,
only winds occurring during or up to six hours following icing storms
were considered in deriving transverse wind load of ice-covered _
transmission lines. Subsequent conversations with Art Hannah, Harvey
Young, and Ilmar Reinart, raised some doubt that all of the strongest
winds will occur within this time span when ice remains on the conductors .
and towers. Microfilmed hourly records were analyzed to determine
when the maximum transverse loads did occur.

The new criteria was quite simple. The highest wind speed during
each icing period (or following it if the temperature remained below
freezing) was recorded. If the temperature rose well above freezing, it
was assumed that all of the ice melted; winds occurring during or after
this period were not considered. This was done for periods up to five
days following each icing storm. ‘.

Table 1 shows the results of extending the period of observation
from six hours to five days following the storms. The first column
indicates the number of storms investigated in the 19 years between
1953 and 1971. The second column shows the number of storms where
the maximum wind speed and thus the maximum transverse wind load
remained unchanged from the previous study. The third column shows the
number of questionable increases in wind speed. The question lies in the
uncertainty of whether or not the ice remained when the higher winds
occurred. Occasional periods of temperatures in the range of 33° - 38° F
lasting several hours may have been sufficient to melt the ice. When the
higher winds occurred, however, the temperature was below freezing.

- The final column shows the number of storms where the wind speed was

higher than that which occurred up to six hours-following the storm.

New return period values for both St. John's-Torbay and Gander
were calculated for both transverse wind load of glaze and rime-covered
transmission lines and maximum winds associated with icing storms.
These results are presented in Tables 2 and 3. The wind speeds in the

. questionable category were included in the new calculations. The number

in parentheses are those values presented in the September, 1974 report.

' It can be noted that in many cases the new values are actually lower
than those in the previous report, despite wind speeds that were equal to
or greater than those used previously. This results from the theory and
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method used to develop return periods and described by Weiss (1955).
The extreme values for each year are listed, and the means and standard
deviations are calculated. The return period values (denoted by Xt)

are obtained from the equation: S :

—

Xt = X 4 Sx' n,t

where X 1is-the mean of the extremes, S is the standard deviation of

the extremes, and K is-a constant det)ecrmined by the period' of record
A N, :
n and the return pericd T.

It was found from examination of the microfilmed data that the lower
annual extreme values were usually increased by extending observations
to five days following the storm. However, those highest extremes that
were found during the September, 1974 study (in several cases exceeding
50 mph) remained unchanged. This would result in a higher value of
X but a lower value of S\{, since the range of extreme values decreases.
The value of Kn,t ranged from approximately 1,65 (for a 10-year return
period) to 3.5 (for a 75-year return period). Thus the standard deviation
can be a critical parameter. In this current study, the effect in several
cases was to decrease the slope of the return period plot, and although the
lower end of the plot would result in higher values for return periods less
than 10 years, values for longer return periods were in many instances
lower than those given in the earlier report. '

Return period values of maximum icing winds and winds combined
with maximum ice loads were again extrapolated to line segments and
presented in Tables 4 and 5. These values are for sustained winds; wind
gusts can be estimated by multiplying the results by the gust factor of 1.5.
Segment numbers refer to those used in the September, 1974 report and
described in the original meteorological study of November, 1973, All
icing values derived in the September, 1974 report remain unchanged.

There seemed to be a general rule of thumb concerning the time. of
occurrence of maximum wind speeds after icing storms. If the maximum
winds did not occur within the storm or a few hours thereafter, then they
usually occurred within 24 hours following the occurrence of glaze icing
and 48 hours following rime icing. There were some exceptions, generally

at St. John's, where average wind speeds are high. Even these exceptions

extended the time of the maximum winds only another 24 hours. After

these time periods either the wind speeds decreased or the temperature
increased, thus melting the ice.
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Table 1
No.. of Number Number Number
Storms Unchanged Questionable Changed
37 28 3 6
41 32 "5 4
28 14 3 T on
.41 27 | 3 11
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'I‘able 2

TRANSVE’RSE‘WIND LLOADS (lbs/lineal ft.)
FOR ICE-COVERED T/L (2.0-inch Diameter Conductor)
Result from September, 1974 Report in Parentheses

GANDER ST. JOHN'S
Return : ' ' '
Period . ,
(years) Glaze-Covered Rime-Covered* Glaze-Covered Rime-Covereds:

10 1.5 (1.2) 2.0 (2.0) 1.7 (1.7) 3.6 (3.6)
25 1.9 (1.4) 2.4 (2.5) 2.1 (2.1) 4.5 (4.6)
50 2.2 (1.7) 2.7 @2.7) - 2.4 (2.3) 5.1 (5.3)
75 2.4 (1.8) 2.9 (2.9) 2.6 (2.5) 5.5 (5.7)

#Adjusted to 300-ft above station elevation.

Table 3

RETURN PERIOD VALUES FOR MAXIMUM SUSTAINED
WIND SPEEDS (mph) ASSOCIATED WITH ICING STORMS
Results from September, 1974 Report in Parentheses

" GANDER ST. JOHN'S
Return )
Period B .
. (years) Glaze Storms  Rime Storms Glaze Storms Rime Storms
10 42 (36) 46 (46) 45 (41) 54 (54)
25 48  (40) - 52 (54) 51 (47) 61 (62)
50 52 (43) : 57 (58) » 56 (52) 67 (69)

75 54 (45) ‘ 60 (61) 58 (55) 70 (72)



- 4 - Muskrat Falls Project - Exhibit 74
' Page 14 of 116

| < : Table 4
RETURN PERIOD VALUES FOR MAXIMUM SUSTAINED

ICING WIND SPEEDS (mph) EXTRAPOLATED TO LINE SEGMENTS
Results from September, 1974 Report in Parentheses

. Segment Return Period, Years

1 Numbe r .10 : 25 50 . 175
L 51 (51) 59 (60) 65 (66) 69 (70)
25 - : 54 (54) - 61 (62) 67 (68) 70 (72)
3 +7 46 (47) 53 (54) . 61 (62) = 65 (66)
4 | 53 (54) 61 (62) 67 (68) 71 (72)
20 7 53 (54) 61 (62) 67 (68) 71 (72)
‘ Table 5

" RETURN PERIOD VALUES FCR MAXIMUM SUSTAINED
‘ WIND SPEEDS (mph) ASSOCIATED WITH ICING,
EXTRAPOLATED TO LINE SEGMENTS
Results from September, 1974 Report in Parentheses

Segment : : Return Period, Years

Number , 10 25 (=T 50 75
) 1 40 (40) 44 -(44) 10 47 (48) 72 49 (50)
2 43 (43) 47 47) Y 50 (51) 77 52 (53)
- 3 ' 36 (36) 40 (40) (o 44 (44) LG 46 (46)
4 S 43 (43) 47 (47) 9797 51 (51)77 53 (53)
) 20 | 43 (43) 47 (47) 7751 (51) 77 53 (53)

; Note: Wind gusts can be estimated by multlplymg the above results
£ ' - by the gust factor of 1.5.
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SUMMARY

A. meteorological study was conducted to determine the extreme
values of transverse ice and wind loading likely to be experienced along.
‘the propased transmission line route between Holyrood and the northern
Humber Valley, Analysis of data was in three phases: Completion of
transverse ice and wind loadings for 10-, 25-, 50-, and 75-year return
periods at six stations in Ne.wfoundland; extrapolation of these values to -
the proposed route; and comparison of the results with computations
bas’ed on values obtained in the November 1973 report. Also looked a.t

: wbre loadings in conjunction with wet snow on the conductors.

Highest transverse wind loads generally occurred with rime ice.
Maximum transverse loads are expected to reach 4.9 lbs/linear ft.in a
25-year return period near the isthmus. This is much less than the
9.35 1bs/linear ft estimated in the previous report by assuming inde-~

pendence of individual maximum wind and ice loadings. If it is assumed - SE

that wind gusts are 50 percent greater than the hourly wind values then

tl\fgfmaxunum load becomes 11.0 lbs/lmear ft.

T e ey, AL L T 3% M ae T TS

Wet snow will occur occassionally, but the associated loadings
(2 maximum of 2.9 lbs/linear ft 2t Gander) are not great enoucrh to be
the limiting design values.

Combined wind and ice loads were computed using the winds and .
ice as independent variables, but using only winds which had occurred
during or immediately following icing storms. These combined loads
based on hourly winds ‘were significantly lower than those derived in
the November 1973 report. Combined loads based on gust-condition

~ice~storm wind speeds were found to be quite similar to the values in

the 1973 report which were based on annual maximum hourly Wind\sPegds_.
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I. INTRODUCTION - " RN L e

DT
- Teshmont Consultants Ltd., is in the process of designinga . i
transmission line for the Newfoundland and Labrador Power Commission.
The proposed line will extend from the Gull Island Hydro Site southwest ’
of Goose Bay, Labrador to near Holyrood on the Avalon Peninsula of S/
Newfoundland. This proposed route traverses some of the most severe
wind and icing areas known to exist in North America. In recognition
of the need for quantitative meteorological information on which to base
the deswn, Meteorology Research, Inc., (MRI) was commissioned to

" conduct a meteorological study of the proposed routes. This study was

completed in November 1973, Combined wind and ice loadings were
expressed as wind speeds in miles per hour with glaze and rime ice in
radial inches and pounds of ice per foot of conductor. These values were
derived by treating the maximum ice loads and maximum winds as
independent variables and using the same probabilities for each to develop
combined probabilities. It was suggested in the 11 June 1974 meeting with
representatives of the Natural Energy Board and of Energy, Mines, and .
Resources that the winds and ice are not always independent variables

- and that using equal probabilities for each might not always result in the

maxnnum load.

A study was conducted to review the individual storm data for
several Newfoundland stations, to determine at what point during the storm
the maximum {ransverse wind load would have occurred and what that value
was, and to develop return period values for the maximum combined
loadings expressed in terms of transverse wind load on the iced conductor.
This method of approach has the advantage of being based directly on actual
storm data and avo;dma the debatable use of combined probabxhtles.

- ThlS report presents the results of that study. The scope of the
study is presented in Section II. Data sources are described in Section
I, The method of handling wind data is discussed in Section IV,
Combined wind and ice loadings at individual stations are analyzed in’
Section V, and the results are extrapolated to the proposed route and
compared with values obtained from the November 1973 report in Section
Vi, Section VII deals with treating individual wind and ice loads as
independent variablés, where only those winds occurring during ice storms:
were considered. Finally, conclusions are summarized in Section VIII,
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II. SCOPE OF STUDY

This transmission line study consisted of analysis of actual storm .
data to determine potential transverse wind loads on ice covered trans- 28
mission lines proposed for eastern and central.Newfoundland. The 7 "My "
maximum transverse wind load on ice covered conductors which would '
have occurred during or immediately following each of the glaze or rime -
producing storms identified in the climatological records were computed vt
for stations near the planned route east of the Humber Valley. The or

maximum transverse wind loading for ‘each year of record for each station & -

was identified and return period probabilities developed. These values S
were then extrapolated to the route segments used in the November 1973 )
study for comparison with the values derived by the joint probability
method. Combined wind and ice loadings similar to those presented in
the November 1973 report, but based only on wind speeds recorded during
icing storms, were also derived and extrapolated to the route segments,

};V\f 6\0?"

&

This portion of the rouic was selected for the study because the
available station data are more representative of the route than the sections

north and west of the Humber Valley,

Belowrl .
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III. DATA SOURCES:

The basic data available for study of the proposed transmission
line route came from long-term records at a number of locations in the
area. Observations of wind speed and direction, temperature, prempnta-.
tion, and cloud conditions are reported by these stations to the
Atmospheric Environment Service (AES). These data form the basis of
the route study but are not normally available in the form required for
this type analysis. In previous projects, the AES has developed for
us special computer programs to condense the long periods of data into more
uszble forms for this analysis. These were used once again in this
" project. |

-

Listings of hourly observations during periods of potential accumula- -

tlon‘vs of glaze ice, rime ice, or wet snow were generated by the AES. The

a . 7
criteria used to generate these listings include: IR D o S
. - ‘ - - T ’ N :
° Rxme icing: Cloud ceiling 1000 ft or less and ambient RRYC » SRR BN
temperature 25 to 38°F. (Only ceilings at or below line: 47t "
it i i e = r’:"’"”“—-»....-._,_..,. - pd 6H
level were considered in the actual analysis,)
e ‘,‘1" e l
o Glaze Lcmg. Precxpntatlon at or below 35°F.. (Only periods ;‘ ,'
of £ 44.\.04:5&4-5__::.2- werae ceasidered in the acfu::‘ analysis, ) . }m;
. B+ 5
L4 Wet snow: Temperature greater than 28°F with moderate

or heav snow lastm at least st six hours.
\eavy g A

In all cases, these listings were continued for six ho_u;l;s following
the last hour that met these crxterla. ,
R | , g

The six stations for which data were analyzed and their length of
record included:

St. John's-Torbay, Nfld. : 1953-1971 /%~

2 LI . = U ! o rmman e e N .
3 VoA ) : e et ———
.5\/‘\’_,' - Ca .o - o
e B A [ }

Argentia, Nfld. : ' 1953-1969 =
Gand_gr, Nfld. - 1953-1971 ‘3%
Buchans, Nfld, o 1953-1964 ~
‘Deer Lake, Nfld. . 1966-1971 <
Daniel's Harbour, Nfld. 1966-1971- <«
. [
S . - P
' :.C‘Y ?""”T* - " e LIS S R,
=22 e e A . TR e




Mu*krat Falls Project - Exhlblt 74
fs‘w

N Co
C— : N L D | e

" IV. WIND DATA /‘»‘

’

When used for maximum wind speeds, “hourly wind' values are
usually conservatwe. The hourly-wind recorded in the hourly weather
observation consists of a one-minute average wind speed observed during
the 10 minutes prior to the “hour. Thus, if the actual maximum one- B
mmute averade does not occur in that ten minutes, it is not recorded.

" Wind gust records are normally available only for locations with full scale

weather fac Lhtxes.

In order to account for these gust values, a gust factor was employed,
equal to G/V, where G is the maximum gust speed and V is the maximum'
sustained wind speed. - Many studies have been made to determine this gust
factor, which usually decreases with increasing wind speed. Sissenwine
et 2l (1973) calculated gust factors that ranged from about 1.3 for a one-
minute steady wind speed of 20 knots down to L.2 at 70 knots. Boyd
(1970) developed a formula used by the AES to calculate s speeds of wind
gusts where

G ="5.8 +1.29 V

. ’ Se . *' . ‘ y ) ' . ] gg&';L!:)-

- ,&’? 3

IS e

This formula’ results in gust factors ranging from 1,58 at 20 knots/
to 1.37 at 70 knots,” For this study a constant gust factor of 1.5 was &

= Ul
used, whlch would correspond to a steady wind speed accordmg to Boyd' ~
formula of 24 knots. This was found to be typical of those wind speeds
associated with the highest transverse wind loads on the ice-coated
transmission lines. o : . L
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of the weight of the ice plus the pressure of the wind on the increased .=+n
surface area. The determination of this combined effect is complicated

in any specific case by several factors. The accretion rate of both glaze
and rime ice is a function of wind speed; the faster the wind, the more
rapldly ice will build up. To determm° the maximum combination, it is

nec

how much ice had accumulated at that time.

essary to know when duri ing the storm the strongest wind occurred and

early in the storm, the greatest combined effect may have occurred later
with a lesser wind speed and a greater surface area and weight of ice.
Superimposed on this is the effect of wind direction both on accretion rate
‘and transverse and longitudinal wind, loadmgs. Going beyond tth, we

have the 1 problem of how long the ice can be expected to stay on the
conductors. The longer the ice stays on, the greater the vulnera.bxhty to

h;gh winds not associated with the storm which caused the ice. .

v &

In the original study a review of both the glaze and rime producing

storm perxods at the reporting stations revealed no pattern to the time
within the storm period that the maximum wind occurred. The peak wind

e - Aevmeae A

. time appcarcd to have sccurrced randemly throughout the icing pericd and
- up to at least six hours subsequent to the termination of icing conditions.
As was discussed in that report, how long the ice will stay on the conductors

[ A S I wd [T OL 6

will vary with each storm. In some cases, the temperature rises immedi-
ately and the melting and cracking process starts. At the other extreme,
a proloncred cold period may result in the ice remaining for several days
or in sorhe 1ocat10ns perhaps Weeks.

Deve*iopmg return period probabilities for maximum combined wind

afid ice loadings is a necessary but controversial area of effort. Several -
methods of arriving at these combined loading probabilities have been
proposed and used by various people with no method being completely

acc

epted as valid by all concerned. In this report, we have computed the

maximum transverse wind load on the ice covered conductors which would

hav
pro
eac
and

e occurred during or i;rqne;diatelyiollof{ri—r'xgieacﬁh of the glaze and rime
ducing storms identified. The maximum transverse wind loading for
h year was identified for the entire period of record for each station
return period probabilities developed as had been done for maximum

wind speeds, glaze icing, and rime icing in the November 1973 study.

occ

"The maximum combined wind and wet snow loadings that might have

urred over the entire period of record for each station were also

computed. Loadings were computed for winds being perpendicular to the

con

\i4

ductors, Computations were based on the relationship of
= (0, 0025 V‘“)D/lZ where W, is the transverse wind load in pounds

If the strongest wind occurred-

-,

3‘\/ AT ST LA j A f? Rege 26 of 11& » 2 S
- £ 0 yeo —Ee T LT - PR ey 4\‘:
Q.\ Cvm L et € ~ e & . . - ?~.’ ,\
o \3 ' / ‘J,..y TR BN ¢ w7 VEPARA N R 2_;‘
V.- COl\IBI.NED WINDS A\ID ICING VIEY 2 s S T '.g'-—t,- BTN S P e
o Q7T T D ge TN T ek Dneny. vy X
Of extreme importance to the design engineer is the maximum St=x
effect on towers and conductors resulting from the combined loadings e
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© 300 ft above Gander, 300 and 800 ft above Buchans, and 1000 )0 ft above - =~
. Daniel's Harbour. Figures 18 through 22 show return period plots using

yo - Muskrat Falls Project - Exhibit 74
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- per linear foot, V is wind speed in miles per hour, and D is the total

diameter of conductor and ice in inches.

This method has the advantage of being based on actual combined -
loads rather than joint probabilities of yearly maximum winds and icing
loads occurrmg sxmultaneously. All computations were based on the
winds being perpendicular to a 2,0-inch diameter conductor.

A, Combined Wind and Glaze Ice Loadings

Figures 1 through 6 show the return period plots of transverse
wind Joads of glaze-covered transmission lines for the six stations based
on hourly wind speeds. Figures 7 through 12 are the corresponding plots
computed using wind gusts calculated with the 1.5 gust factor. The ,
extracted values for 10-, 25-, 50-, and 75-year return pemods are listed
in Table L.

On the return period plots for Buchans (Figs. "4 and 10), the

© 2,81 1bs/lin ft value based on hourly winds and the 6.32 lbs/lin ft value

based on gust speeds (denoted by x's on the plots) are from a March 24,

. 1962 storm. The solid lines are drawn for all twelve plotted values, " If

we eliminate those extreme values and plot the next highest values for

that year (1.41 and 3.17 1bs/lin ft, on February 12) the dashed lines result .

" and the March values become 1000- year storms. (Use of these graphs

%
are from the da.shed curves, \__

SEL LS s - S ot Tadwd 0
: 5 = RE 9SS .
. o 12 BN G R
B. Combined Wind and 'Rime Ice Loadmcs/ ? T =TT TRy
Tihe taew = GATimbeezg U

. Maximum transverse wind loads for transmission lines coated
with rime were computed at specific elevations above the stations that are’
representative of the proposed route. - Figures 13 through 17 show the
return period plots using hourly winds for 300 ft above St. John's- Torbay,

the-1.5 gust factor, The extracted 10-, 25-, 50-, and 75-year return
perlod values are listed in Table II. . , .

C. - Combined Wind and Wet Snow Loadings

L Ly /_:" H

Table III lists the maximum wind and wet snow loading at,each

of the six stations, Wet snow is not expected to be a major problem in '
Newfoundland, Although several of the values in Table III appear high,

there were only 20 occurrences of wet snow storms lasting at least six
hours among all six stations, eleven of which occurred at Argentia. ‘
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