
Muskrat Falls Project - Exhibit 79 
Page 1 of 107

1 

I 
I. 
I 

I 
1 , 

, . 

NEWFOUNDLAND AND LABRADOR HYDRO 

REPORT ON 

1981/82 CLIMATOLOGICAL MONITORING 

PROGRAM 

PREPARED BY: Newfoundland and Labrador Hydro 
Engineering & Construction Division 
Transmission Line Design Group 

#: ;:;-7-8 DATE: Dec. 1982 

gilbencr
Typewritten Text
REFERENCE 6



Muskrat Falls Project - Exhibit 79 
Page 2 of 107

! 
I 
I 

TABLE OF CONTENTS 

PAGE 

1.0 SUMMARY ....... . ................... ... ... . ......... 1 

2.0 OBJECTIVES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 

3. 0 INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 

4 . 0 DISCUSSION OF PROGRAM 

4. 1 PASSIVE ICE METER 4 ...... . . . ... . ... . . .. ........ 
4. 2 ANEMOMETER . .. . ... . .. ... . . ... .......... . . . . .. . 5 

4 . 3 ROSEMOl)NT I CE DETECTOR . . ... ... ............... 6 

4.4 TEST TOWER SITES ........ .. . . . . . .. ...... .. . ... 7 

4.5 SALT CONTAMINATION ..... . ..... . .. . . .... . ... ... 8 

4.6 SAL T CORROS ION ...... . . ... ..... . . . .. . . ...... .. 9 

4. 7 TEST SPANS .............. . ..... .. .. . .......... 10 

4.8 CLOUD DROPLET SIZE . ... . ... . ........ . . . ....... 11 

4.9 REVIEW OF MONITORING PROGRAM .. . ....... . .. .... 1 2 

5.0 CONCLUSIONS AND RECOMMENDATIONS .... . .... ... .. . .. . . 1 3 

6.0 APPENDICES 

6.1 SUMMARY OF PASSIVE ICE METER DATA ... .. ... ... . 14 

6.2 SUMMARY OF ANEMOMETER DATA .. .. .... .. .... . . .. . 1 7 

6.3 SUMMARY OF ROSEMOUNT ICE DETECTOR DATA ....... 22 

6.4 SUMMARY OF TEST TOWER DATA ..... . . .. . . .. . .. . .. 26 

6.5 CONTAMINATION DATA ...... . ..... .. .. . . ... ...... 44 

6.6 SUMMARY OF TEST SPAN OBSERVATI ONS 

6 .7 STUDY OF CLIMATOLOGICAL MONITORIN G PROG~1 ... 48 

(19 77 - 198 1 ) 



Muskrat Falls Project - Exhibit 79 
Page 3 of 107

I 
\ 

1 

I 
1 

I 

I 
ij 

1.0 SUMMARY 

The climatological study concluded on 1982-05-31 was the fifth 

in an annual series conducted by Newfoundland and Labrador Hydro. 

The study included the accumulation of data related to wind speed 

and direction, ice accumulation on passive and active collectors, 

air borne contamination and water droplet size. 

This report summarizes the data collected during the period of 

1981-06-01 to 1982-05-31 and recommends. 

(l) The continuation of the Passive Ice Meter Program. 

(2) Wind data to be collected only at Hawkes Bay and 4-Mile Pond 

during 1983 . 

(3) The Rosemount Ice Detector operated at 4-Mile Pond only. 

(4) The test towers be monitored from December 1982 to May 1983 

on both the Long Range Mountains and the Pinware Valley. 

(5) Salt Contamination Program be terminated at year end 1982. 

(6) The test spans be monitored as passive collectors only. 

1. 
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2.0 OBJECTIVES 

The "Report on 1981/82 Climatological Monitoring Program" will 

review the individual components of the study funded under 

Work Order 9723 and Change Order 1 to Work Order 9723. 

All the data collected during the 1981/82 observation period 

will be presented. 

Conclusions will be drawn based on the accumulated data and 

recommendations will be made as to the future direction of the 

program. 

2 . 
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3.0 INTRODUCTION 

The development of the hydro electric potential of the 

Churchill River and the transmission of power across Labrador 

and to the Island of Newfoundland has been of continuing interest 

for the past number of years. In its review of the feasibility 

of this project the Lower Churchill Development Corporation and 

its predecessor, the Gull Island Power Corporation, have imple

mented a series of annual climatological monitoring studies. 

These studies, conducted by Newfoundland and Labrador Hydro, 

were designed to collect data necessary to optimize transmission 

line design and route selection parameters for the HVDC trans

mission system envisaged for this project. 

The data gathering network includes both passive and active 

collectors. The passive collectors are monitored by trained 

observers while the active collectors are coupled to recording 

devices. 

All collected data is summarized into an annual report such as 

this document which is entitled "Report on 1981/82 Climatological 

Monitoring Program". 

3. 



Muskrat Falls Project - Exhibit 79 
Page 6 of 107

\ 

! 

4.0 DISCUSSION OF PROGRAM 

~.l PASSIVE ICE METER 

The Passive Ice Meter Monitoring Program was active from 

1981-10-15 to 1982-05-15 with 25 sites participating in 

the observation and reporting of atmospheric icing condi

tions. 

The Stephenville and St. John's Airports dropped from this 

years program following the lead of two other Government 

Agencies at St. Anthony and St. Lawrence who left the 

program last year due to a heavy work load and insufficient 

staff. Consideration should be given to re-establishing 

these sites in the private sector with paid monitors to 

ensure continuity of service and reliable reporting. 

The data collected during the past season is tabulated in 

Appendix 6.1 - Summary of Passive Ice Meter Data. 

4. 
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4 • 2 ANEMOMETER 

r The Bendix, propeller type, anemometers used at Savage Cove, 

Hawkes Bay, Sunnyside and 4-Mile Pond operated reasonably 

well throughout the 1981-82 season. 

I 
! 

! 

However, the frequent ice loads and exceptionally high winds 

experienced at the 4-Mile Pond site, have completely destroyed 

one unit and caused serious damage to a second, spar~, unit. 

The apparent weaknesses in the unit have been discussed with 

the manufacturer who has suggested altering the design of 

future units to be used in similar conditions. 

The 4-Mile Pond site has experienced winds of 172 kmh , 5 times 

within a 1 hour period and icing is known to occur on an aver

age of every second day during some months. 

The cup type anemometer at Levi's Gulch has produced good but 

sporadic information. The extreme weather conditions during 

the winter months and tampering by the local residents has 

made it impossible to maintain the continuity of the recorded 

data. 

The data collected from the anemometer sites is tabulated in 

Appendix 6.2 - Summary of Anemometer Data. 

5 . 
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4.3 ROSEMOUNT ICE DETECTOR 

The Rosemount Ice Detector Program was curtailed for the 

1981/82 season to include only the 4-Mile Pond site. 

The information tabulated in Appendix 6.3 - Summary of 

Rosemount Ice Detector Data will be filed with earlier 

data until a correlation between actual ice accretion and 

the number of instrument operations is established. 

6 . 
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4.4 TEST TOWER SITES 

The Test Tower Program for the 1981/82 season began on 

1981-11-25 with visits to Long Range Mountain Crossing 

area and then including the Labrador sites on 1982-01-07. 

Site #4 was re-established on 1982-02-05, after having 

blown down at the end of the 1980/ 81 season. 

All 18 sites were visited as regularly as weather would 

permit and the collected data is tabulated in Appendix 

6.4 - Summary of Test Tower Data . 

7. 
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4.5 SALT CONTAMINATION 

Four new Salt Contamination Sites were established at the 

proposed HVDC cable termination sites. These are located 

as follows: 

IDENTIFICATION 

Flowers Cove: 

Fl 

F2 

Point Amour: 

Ll 

L2 

DISTANCE 
FROM SEA (km) 

0.2 N 

LON 
0.3 NNE 

0.2 S 

2.9 S 
1.4 W 
3.2 E 

ELEVATION (m) 

80 + 

80 + 

80 + 

400 + 

Monitoring of these sites began in 1982-09 and after the 

completion of 12 months of collection and analysis the data 

was processed and is presented in graphic form in Appendix 

6.5 - Contamination Data. 

It is worthy of note that at Site Fl an extreme contamination 

level was reached during late October 1981. A review of the 

climatological conditions at that time revealed strong on-

shore winds (64-72 kmb) occurred one day before the insulators 

were collected. Hence, it has been concluded that a heavy 

salt buildup had occurred and that no natural washing had 

taken place. Also that previous levels which have been 

recorded as being very low are due to the high frequency 

of natural washing. 

8. 
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4.6 SALT CORROSION 

No Salt Corrosion Studies were undertaken during the 1980/81 

observation period. 

• 

i 

I 9. 
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4.7 TEST SPANS 

During the 1980/ 81 observation period the Inner Pond Test 

Span was instrumented and the accumulated data has been 

forwarded for analysis. When a report becomes available 

it will be presented as an addendum to this report. 

The Brian's Pond Span was treated as a passive collector 

and visited regularly as was the remaining tower at the 

Parsons Pond Span. 

• 

10. 
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4.8 CLOUD DROPLET SIZE 

During the 1981/82 program work was initiated to determine 

the size of cloud water droplets occuring at higher 

elevations in Newfoundland. The reason for this investiga

tion is best explained in the Weather Engineering Corporation 

of Canada Limited report, "WECAN - 116" Section 6.0 of that 

report says: 

"In the case of icing caused by cloud droplets (i.e. rime, 

and cloud glaze) there is a theoretical upper limit to the 

thickness of ice which can accrete, because when the total 

diameter reaches a certain limiting size, the division of 

the air flow will be such that all the cloud droplets are 

swept around the obsticle and the accretion then stops. 

Stated another way, the collection drops off with increased 

icing diameter until at the critical diameter it becomes 

zero. II 

Collection mediums of different diameters were established 

at the 4-Mile Pond, Holyrood site which included: 

( 1) 17 em Aluminum Pipe 

(2) 25 em (avg. at 1.5m level) Wood Pole 

(3) 43 em Aluminum Shield 

(4 ) 61 em Aluminum Shield 

At the Portland Creek Site 42 an aluminum shield of 56 cm 

diameter was placed approximately 3 m above ground level on 

the existing test tower. 

11. 
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4.8 CLOUD DROPLET SIZE (CONT'D) 

The information collected from each of these sites has 

been made available to Mr. B. Power of Weather Engineering 

for analysis. 

Mr. Power concluded from his analysis that there is a 

diameter limit for cloud droplet size. The average droplet 

size would be less than 10 microns. 

4.9 REVIEW OF MONITORING PROGRAM 

As recommended by the 1980/1981 report, a complete review 

of the Climatological Study Program was undertaken. This 

study was carried out by Mr. B. Power ofWECAN with a report 

entitled "Study of Climatological Monitoring Program 

(1977 - 1981)". The salient recommendations of that report 

(see Appendix 6.7) are as follows: 

(a) Maintain current wind data program. 

(b) Maintain PIM program, test tower program and RID program 

at Holyrood only. 

12. 
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s.o CONCLUSIONS AND RECOMMENDATIONS 

With the completion of the 1981/1982 Climatological Data 

Collection Program another year of ice and wind information 

has been added to the existing data base established to 

enhance the EVDC Transmission Line Design Parameters and 

Route Selection. 

Within the limits of financial restraints it is recommended 

that the Climatological Program continue for 1982/1983 

with scope of the Program to be as follows: 

(1) Maintain PIM Program. 

(2) Maintain wind data collection at Hawkes Bay and 

4-Mile Pond - Holyrood. 

(3) 

(4) 

Continue the monitoring of the test towers and test 

spans (Passive) along the Long Range Mountains and 

Pinware Valley, Labrador. 

Maintain the RID at 4-Mile Pond, Holyrood. 

13. 
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SUMMARY OF PASSIVE ICE 

METER DATA 
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LOCATION 

liabu.h 

Churchill 
Falls 

Goose Bay 

Point Amour 

Plum Point 

St . Anthony 

Yankee Point 

Hawkes Bay 

Daniel's Hr. 

Gras Morne 
Park 

OCTOBER 

No Accum. 

No Accum. 

No Accum. 

No Accum. 

No Accum 

NOVEMBER 

Trace Glaze -
1 day 
Trace Rime 
3 days 

No Accum. 

0.2 em Glaze 
- 1 day 

0.8-1.3 em 
Wet Snow 
- 1 day 

No Accum. 

SUMMARY OF PASSIVE ICE METER RBPORTS 

(1981 - 1982) 

DECEMBER 

Trace Rime.,-
3 days 
0.3 em Glaze 
- I day 

No Aeeum. 

2-5 em Glaze 
- 2 days 

4. 6 em 
Wet Snow 
- I day 

0.5-0.8 em 
Wet Snow 
- 1 day 

JANUIIRY 

No Accum . 

No 1\.ccum. 

Trace Glaze 
- 1 day 

No 1\.ccum. 

No Accum. 

FEBRUARY 

No Accum. 

No Accum. 

No Accum. 

0 . 1 em Glaze 
- I day 

HllRCH 

No Accum. 

No Accum. 

1.3-1.9 em 
Glaze -
I day 

2_4-8.0 em 
Wet Snow 
- 2 days 

APRIL HAY 

No Aeeum. No Ilea.. 

Trace Glaze 
- 2 days 

1-2 em glaze Trace 
- 2 dnys today 

Trace 
-2 days No AcctJl. 

----------------------------- NOT MONITORED----- -------------------------------------------------------------

No Accurn. No Accum No Accum. 0 .3-0 . 6 em 0.3-1.3 em 
Wet Snow - Wet Snow -
2 days 2 days 

0.6 em Glaze 
- 1 day 

NO Accum No Accum. No Accum No Accum No Accum 1.3 em Glaze Trace - 1. 6 C1II No N.C'" 
- 1 day Glaze - ] days 

No Accum No Accum. Trace Glaze Trace Glaze 
- I day - 1 day 

No Acoum. No "ccum. No "ccum. No Accum·. No I\ccum. No Accum. No "ceum. No Ace", 
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LOCATION 

Stephenville 

Port Aux 
Basque 

Burnt Pond 

Buchans 

Deer Lake 

Hampden 

Springdale 

Stony Brook 

Gander 

Bay D'Espoir 

Sunnyside 

St. Lawrence 

SUHHl\RY OF PASSIVE ICE METER REPORTS 

(1981 - 1982) 

OCTOBER NOVEMBER DECEMBER . JANUARY FEBRUARl! HARCH APRIL HAY 

----------------------------- NOT MONITORED-~---------------------------------------____ --------____ ______ _ 

No Accum. 

No Accum. 

No Accum. 

No Accum .. 

No Accum. 

No Accum. 

No Accwn. 

No Accwn. 

No Accum. 

No Accum. 

No Accum. 

Trace Glaze 
- 1 day 

No Accum. 

No Accum. 

No Accum. 

No Accwn. 

No Accum. 

No Accum. 

No Accum 

No Accum. 

No Aeeum. 

No Accum. 

0.3 em Glaze 
- 1 day 

No Accum 

0.3 em 
Wet Snow 
- 1 day 

No Accum. 

0 . 5 em Glaze 
- 1 day 

No Accum 

Trace 
·3 days 

No Accum. 

Trace Glaze 
4.5 em -
1 day 

0.4 em Glaze 
- 1 day 

2·3 em 
- 2 days 

No Accum .. 

Trace 
-2 days 
2 em 
-1 day 

No Aceu. 

2.5 em Glaze 0.5-0.3 em 

No Accuo. 

No flee ... 

- 1 day Glaze - 2 days 

Trace Glaze 
- I day 

No "eelJm. No fleCUIII. 

--------- -------------------------NOT MONITORED----------------------------------------------
No Accum. 

Trace Glaze 
- 2 days 

Trace 
- 1 day 

No Accum. 

No Accum . 

No Accum. 

~o Accum. 

Trace Glaze 
0.1 em -
1 day 

0.3 em 
Wet Snow -
1 day 

No Ac cum. 

No Accum. Trace 
- I day 

No Accum. No Accum. 

Trace - Trace Glaze 
1 day -0.5 em 

- 3 days 

No Accum. No Accum. 

Trace - No Accurn. 
1 day 

Trace No flecuo . 
- 1 day 

Trace - 0.4 em No Aceun . 
- 2 days 

Trace Glaze No flee, .. . 
- 4 em 
- 4 days 

No " CCl .. . NoAccun 

No Aeeum. No AcClDli 

----------------------------- NOT MONITORED--------~------------------------------------------------------
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LOCATioN 

"5" Turn 

Long Harbour 

Western Avalon 

1I0iyrood 

St. John's 
Airport 

Harbour Deep 

Port Blandford 

OCTOBER NOVEMBER 

No Accum. No Aceum. 

No Accum. No Accum. 

No Accum. No Accum. 

SUMMARY OF PASSIVE ICE HSTER REPORTS 

(1981 - 1982) 

DECEMBER 'JANUARY 

No Accum. No Accum. 

No Accum. No Accum. 

No Accum. No Accurn. 

FEBRUARY 

No Accum. 

0.4 em 
Glaze -
1 day 

No Accum. 

HARCH APRIL HAY 

No AcclDIl . No AcclDIl. No Accuo. 

No Accum. No Ace .... 

No Accum .. No Accum. No Accuo. 

·------ ------ ---- -- -- ----------------· --- ------------NOT ~ONITORED ----------------------------------------------------------------

No Accum. 

No Accum. 

1.1-2.0 em 
Wet Snow 
- 2 days 

No Accum. 

1.2 em 
Wet Snow 
- 2 days 

No Accum. 

No Accum. 

Trace Glaze 
- 1 day 

No AcOum. 

No Accum. 

No Accum. No Ace.... 

No. Accwn. No AcClDIl. 
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APPENDIX 6.2 

SUMMARY OF ~EMOMETER DATA 

l 
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fIIlS'It1l'Cl' OF '11IE WIND 

SUNNYSIDE 

JmB 81 JULY 81 Am. 81 SEPT. 81 ocr. 81 KN. 81 DfX:. 81 JIIN. 82 FEB. 82 HIIR. 82 lI1'II. 82 1lIIY 82 

Total Mileage for Month 5908 6233 6932 6921 7344 7429 1028 10518 9388 8234 8443 5511 

Greatest Mileage · in 24 IIrs. 329 391 312 600 561 523 512 156 644 522 524 328 

SW SW SW SW SW NE N Sil mt SW S S 
Greatest Mileage & Prevailing Dir. for 1 Hr. 20 24 24 38 20 35 35 50 45 42 38 18 

Date of Greatest Mileage for I IIr. 15 29 27 20 15 27 31 10 14 5 22 26 

IlVcrage Speed for Month (nt>ll) 10 9.6 9.2 9.6 9.9 10.3 9.4 14.1 14 .0 11 . 1 11.S 1.4 

Longest continued - Direction SW SW NE Sil SW NE Sil NE Nil SW SW lIB 
138 63 86 70 98 64 65 59 55 49 54 119 

- tOOrs 

prevailing Direction - By Mileage 0 
SW SW SW SW SW SW Sil Sil iI Sil SW S 

- By 'lbtal IIrs. SW SW Sii SW SW Sii Sil Sil SII SW Sil NIl 

Peak Gus t (l1\lh) 20 25 30 30 40 35 45 65 55 45 52 35 

OOI'E: Instcunent records in inperial \mite. 
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/I1lS'1lUV:1' IF 11IB IIIIIl 

sr.Hwty 

SAVAGE COVE 

• •• . .. ... 
JUtm81 JULy 81 1\00. 81 SEl'T. 81 CCT. 81 1«lV. 81 1lfX:. 81 JNI. 82 fEB. 82 .VIR. 82 APR. 82 Hl\Y 82 

Total Mileage for Month 6411 5385 6309 2350 1483 9365 10831 7303 6378 7501 7892 

Greatest Mileage in 24 Hrs. 506 514 520 872 435 650 988 896 578 648 5:\4 

Greatest Mileage & Prevailing Dir. for 1 Hr. SW W E W SW W W W B 
26 26 26 40 26 32 50 40 40 30 22.3 

Date of Greatest Mileage for 1 Ilr. 24 22 23 21 18 22 8 24 4 5 15 

Average speed for llinth (lIl'h) 9.0 8.4 9.0 12 . 2 10.3 13.0 Zl.5 13.8 12.7 13.2 13.7 

tl 
Longest Continued - Direction W W W W NB 

H 

iil NI~ NW B W 

- Hours 52 70 55 43 31 01 42 40 37 76 VI 

.... 
0 

Prevailing Direction - By Mileage W W W W NB 

8 
w W E W 

- By Total Hrs. W E W W NB W W B W 

Peak Gust (rrph) 42 40 40 62 44 52 78 50 58 50 36 

00l'E. lnsl:rtrrent records in lJIl1erlal units. 

• 8 days only 
•• 6 days only· 
••• Wind Speeds Only Recorded 
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1\BS'lI1ICl' OF 'l1IE WIND 

SlttWty 

4-HILE POND 

Jt!IR 81 JULy 81 11m. 81 SEP1'. 81 ocr. 81 IVI. 81 DfX:. 81 Jl\!I. 82 f1lB. 82 III\R. 82 APR. 82 Hi\Y 82 

Total MIleage for Month 14,020 12,352 10,899 14,911 10,989 9,632" 18,505 13,058" 10,132" 

Greatest MIleage in 24 11m . 659 828 706 631 948 1,288 1,032 996 748 

Greatest Mileage & Prevailing Dir. for 1 IIr. SW S S S S S SW E SE 
34 SO 40 60 52 6S 76 64 70 

Date of Greatest MIleage for 1 IIr. 22 15 17 20 4 7 
~ 

16 7 8 ~ g 
~ 

i .... 
~ hverage speed for Month {mphl 24.4 18.0 17. 7 26.3 18. 5 17 i 29. 1 24. 7 19.2 
<>< 

0 
0 0 

Longest oontinued - Direction SW SW Sl' SE N\'I Sl' ~ sri N\'I SW ~ 2 
148 32 84 78 39 64 44 45 38 

- Hours 

Prevailing Direction - By Mileage SW SW SW SW NI~ SW SW N\'I SW 

- By Total 11m. SW SW SW SW W ' SW SW SW W 

Peak Gust {nPlI 43 40 38 SO ~O 86 107 40" SO 

NJI'E. Instrunent records in inper1al mits. 
" Partial month 
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N 
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J\JNB 81 

Total Mi leage for !-bnth 8551 

Greatest Mileage in 24 Hrs. 498 

Greatest Mileage & Prevailing Dir. for 1 Hr. 
BE 
32 

Date of Greatest Mileage for 1 Hr. 26 

lWerage speed for !-bnth (""h) 11.9 

Wngeat Continued - Direction Sit 

- llours 35 .. 

Prevailing Direction - By Mileage Sit 

- By Total IIrs •. SW 

SE 
Peak Gust (rrph) 

45 

WIlli Instnmmt recorda in irrperlal mlits. 

• Recorder out of service for 11 days 

JULy 81 

8939 

522 

SW 
28 

27 

12 .0 

SW 

35 

SW 

SW 

Sit 

45 

-~ - . .--~ 

HAWKES BAY 

1000. 81 BD'T. 81 ocr. 81 KN. 81 

8233 8665 10608 9962 

432 814 636 554 

SW Sit SW SE 
32 44 44 36 

27 20 24 21 

11.1 12.0 14.3 13.8 

Sit Nit · Nit NE 

39 47 66 48 

Sit Sit SW Sit 

Sit E NE Sit 

SW Sit Sit SE 

40 56 52 51 

1JfX:. 81 Jl\N. 82 mi. 82 .lIIR. 82 lIPR. 82 HI\r 82 

10043 12583 4491· 9049 10340 9271 

706 828 525 624 432 474 

Nit NW W Sit Sit SW 
36 56 42 40 40 J6 

26 10 8 5 17 24 

13.6 16.9 11.2 12.7 14.4 12.5 

Nit SE It It SW e 
50 31 19 22 36 93 

Nit It W SW SW B 

E If W Sit SW e 

Nit Nit It SW Il SW 

44 71 48 48 50 42 
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ABSTRACT OF THE WIND 

SUMMARY 

LEVI'S GULCH 

Highest Hourly Average 

Aug. 25 - 31/81 - E 50 

Sept. 1- 27/81 - E 80 

Nov. 25 - 31/81 - NW 26 

Dec. 1 - 31/81 - NE 55 

Jan. 1 4/82 

& 8 17/82 - NE 52 

21. 
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APPENDIX 6.3 

SUMMARY OF ROSEMOUNT ICE DETECTOR DATA 
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4-MILE POND 

CA:I.CtlL1cr'ED 
ro. OF ACOJMIJLATICN 

Iem:; SIGNALS (m:m:s) 

{ 
23/10/81 3:00 pm Start 

01/12/81 4:00 am Down 

11/12/81 2:05 pm Start 

\, 
11/12/81 6:20 pm - 6:25 pm 4 2.0 

, 12/12/81 8:40 am 1 0.5 

15/12/81 1:34 pm 1 0.5 

{ 16/12/81 2:15 am- 3:40 am 11 5.6 

19/12/81 5:55 am -11:10 am 23 11. 7 

20/12/81 4:34 am - 4:26 am 2 1.0 

20/12/81 6:55 am 1 0.5 

20/12/81 3:05 pm 1 .0.5 

23/12/81 3:00 am - 4:15 am 4 2.0 

30/12/81 1:00 pm 1 0.5 

30/12/81 4:36 pm - 8:10 pm 137 69.6 

31/12/81 2:38 am -10:28 am 16 8.1 

31/12/81 2:00 pm 1 0.5 

02/01/82 9:16 am - 9:18 am 2 1.0 

02/01/82 11:08 am 

03/01/82 - 6:05 pm 21 10.7 

03/01/82 7:16 pm 

04/01/82 - 4:30 am 16 8.1 

04/01/ 82 8:56 pm -10.40 pm 6 3.0 

05/01/82 2:48 am - 2:08 pm 90 45.7 

05/01/82 3:40 pm - 5:00 pm 5 2.5 

' 06 / 01/ 82 12:05 am 1 0.5 

06/01/82 ' 11: 05 am 1 0.5 

06/01/82 11:15 am 1 0'.5 
\ 08/01/82 3:12 pm - 8:45 pm 18 9.1 

2 2. 
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ROSEMXJNT ICE De:w::IOR 

4-MILE POND 

CAID:ILAl'ED 
DAl'E TIME roo OF ACalMOLA1'ION 

ICING SIGNALS (DlCHES) 

10/01/82 4:36 am - 8:50 am 11 5.6 

\ 10/01/82 7:30 pm 1 0.5 , 
14/01/82 7:08 pm 2 1.0 

15/01/82 4:50 am - 7:45 am 26 13.2 

15/01/82 3:55 pm - 4:30 pm 2 1.0 

( 15/01/82 9:55 pm -10:25 pm 4 2.0 

15/01/82 11:30 pm -11:45 pm 3 1.5 

1 

16/01/82 2:06 am 1 0.5 

16/01/82 1:35 pm - 1:38 pm 2 1.0 

17/01/82 6:48 pm -11:20 pm 8 4.1 

\ 24/01/82 9:05 pm -

25/01/82 -12:25 am 16 8.1 

25/01/82 5:20 am - 5:24 am 4 2.0 

26/01/82 7:55 am - 8:10 am 5 2.5 

I 27/01/82 10:40 am -10:55 am 10 5.1 
( 27/01/82 1:23 pm 1 0.5 

27/01/82 11:00 pm -

28/01/82 3:05 am 8 4.1 

28/01/82 6:23 am 1 0.5 

28/01/82 8:50 am - 9:00 am 2 1.0 

28/01/82 1:36 pm 1 0.5 

28/01/82 7:06 pm 1 0.5 

29/01/82 7:50 am - 7:55 am 2 1.0 

29/01/82 1:55 pm 1 0.5 

29/01/82 7:00 pm 1 0.5 

02/02/82 9:12 am - 9:55 am 12 6.1 

02/02/82 12:36 pm 1 0.5 

03/02/82 10.40 pm 1 0.5 

23 . 
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DATE 

04/02/82 3:10 

) \ 04/02/82 11:50 

05/02/82 8:05 

"1 

07/02/82 8:12 

10/02/82 11:00 

( 11/02/82 2:03 
, 11/02/82 1:30 I 

12/02/82 7:48 

14/02/82 10.48 

15/02/82 

16/02/82 1:50 

16/02/82 5:36 

16/02/82 8:06 

18/02/82 7:40 

( 
18/02/82 1:08 

18/02/82 4:05 

19/02/82 10.20 

20/02/82 8:05 

21/02/82 2:23 

22/02/82 3:58 

22/02/82 9:23 

23/02/82 10:48 

23/02/82 4:24 

24/02/82 

24/02/82 7:35 

20/03/82 4:12 

23/03/82 10:00 

25/03/82 5:36 
, 
I 

ROSEMXlNl' ICE DEl'ECIOR 

4-MlLE POND 

TIME 

am - 3: 4.0 

am - 1:50 

am - 8:10 

am - 9:20 

pm 

am - 2:10 

pm 

pm - 8:00 

pm -
12:18 

pm - 2:05 

pm 

pm - 8:10 

am - 8:24 

pm - 1:10 

pm - 4:15 

am -10.24 

pm 

am - 9:00 

am -12:05 

pm 

am -10:55 

pm -
4:55 

am -12:40 

pm - 5:46 

pm 

am 

am 

am 

am 

am 

am 

pm 

am 

pm 

pm 

am 

pm 

pm 
am 

am 

pm 

am 

am 

pm 
pm 

00. OF 
Iem::; SIGNALS 

11 

15 

4 

12 

1 

4 

1 

5 

7 

9 

1 

4 

4 

2 

10 

3 

1 

60 

78 

1 

3 

99 

47 

2 

1 

1 

5.6 

7.6 

2.0 

6.1 

0.5 

2.0 

0.5 

2.5 

3.6 

4.6 

0.5 

2.0 

2.0 

1.0 

5.1 

1.5 

0.5 

30.5 

3~.6 

0.5 

1.5 

50.3 

23.9 

1.0 

0.5 

0.5 

24 . 
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FDSEMXlNT ICE DEl:ECIOR 

4-MILE POND 

CAIalLATED 
TIME ro. OF ACC[JM[]I.ATION 

ICING SIGNALS (m:BES) 

25/03/82 6:45 am 1 0.5 

i' 
25/03/82 6:45 pm - 8:25 pm 9 4.6 

26/03/82 4:30 pm - 4:35 pm 3 1.5 

26/03/82 11:50 pm 1 0.5 

01/04/82 7:12 am 1 0.5 

02/04/82 6:00 am 1 0.5 

r 02/04/82 9:22 am 1 0.5 
\ 02/04/82 7:20 pm -

r 
03/04/82 12:55 am 16 8.1 

05/04/82 6:30 am 1 0.5 

05/04/82 52 26.4 

05/04/82 4:55 pm - 5:04 pm 8 4.1 

05 / 04/82 7:24 pm - 7:28 pm 3 1.5 

06/04/82 12:15 am - 7:30 am 24 12.2 

07/04/82 3:12 pm - 9:50 pm 68 34.5 

10/ 04/82 12:30 pm -12:48 pm 12 6.1 

11/ 04/82 7:04 am - 7:35 am 20 10.2 

12/ 04/82 2:05 pm - 8:40 pm 31 15.8 

13/ 04/82 9:25 am -10:00 am 22 11.2 

{ , 
I 

r 

25. 
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I 
( ' 

j 

\ 

I . 

APPENDIX '6. 4 

SUMMARY OF TEST TOWER DATA 
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- -~ 

DATE 

25-11/81 

07-01-82 

06-02-82 

18-02-82 

19-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

12 

12 

20 

4 

WIND 
DIR. 

(TRUE) 

195
0 

2000 

60
0 

300 

235 0 

--. 

TABLE OF DATA 

SITE #2 PORTLAND CREEK 

~. 
C 

-4 

-8 

-22 

-15 

8 

2" X 7" 
level .of 

8" X 10" 
encasing 

soft 
leg 

hard 

rime 

J\CCUMULATION 
NOTED 

pennants .at 

rime completely 
tower at 5' level 

Tower filled with 36" of hard 
at 5' level of leg 

5 ' 

rime 

Residue from previous trip shield 
installed 

6" hard rime at 5' level of tower leg 
2" hard rime on cylinder 

Bare 

DlREL'TlOO 
OF 

J\Ca.HJIATlW 

1950 

225
0 

2400 

240
0 

2100 
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DATE 

15/11/81 

18-02-82 

19-03-82 

04-05-82 

WIND 
SPEED 
(HPH) 

21 

10 

3 

WIND 
DIR. 

(WUE) 

1950 

3300 

600 

235 0 

TABLE OF DATA 

SITE #2a PORTLAND CREEK 

~. 
C 

-2 1~" X 3" hard rime on grou~d 150 

-24 2" glaze at 5' level of leg 00 

-15 1 " hard rime at 5' level of leg 2400 

8 Bare 



Muskrat Falls Project - Exhibit 79 
Page 37 of 107

N 
00 

DATE 

25-11/81 

07/01/82 

18/02/82 

19-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

21 

12 

4 

WIND 
DIR. 

('fRUE) 

1950 

3150 

600 

235 0 

TABLE OF DATA 

SITE #2b PORTLAND CREEK 

-4 

-8 

-24 

-15 

8 

1" 
lJ.s" 

4" 
6" 

JlCCUMULATIOO 
turED 

hard rime at 5' level of leg 
soft rime over hard rime 

X 5" hard rime at 5 ' level of 
X 8" soft rime at 5' level of 

leg 
leg 

Tower filled with 28" of hard rime at 
5' level of leg 

6" hard rime at 5' level of leg 
2" 3" hoar frost over rim 

Bare 

150 

1950 

1350 

2250 

2400 

2400
. 
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-.. -, , 

N 
<D 

DATE 

25-11-81 

18-02-82 

19-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

9 

8 

3 

WIND 
DIR. 

('!RUE) 

1950 

3300 

600 

235 0 

• 

TABLE OF DATA 

SITE i2c PORTLAND CREEK 

'qtIP. 
C 

-2 

-23 

-14 ~" to 1" hard 

8 

Bare 

Trace Glaze 

rime at 5' 

Bare 

level of leg 

, DIROC'l'IOO 
OF 

l\CaMJIATIOO 

2000 
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"", " " "-

DATE 

25-11-81 

18-02-82 

18-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

9 

8 

4 

WIND 
DIR. 

('!RUE) 

1950 

330
0 

• 
600 

235 0 

TABLE OF DATA 

SITE #2d PORTLAND CREEK 

~. 
C 

-2 1" X 5" hard rime at 5' level of leg 150 

-24 2~" of glaze at 5' level of leg 
l~" of glase at 5' level of leg 

-15 1" hard rime at 5 ' level of leg 2000 

10 Bare 

• 
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.- .-- - -... 

TABLE OF DATA 

SITE 1I2e PORTLAND CREEK 

WIND WIND DlREl:T.Ia. 
SPEED DIR. ~. lICCUMULATIOO OF 

DATE (MPH) ('fRUE) C 00l'ED J\CClMJIATIW 

25-11-81 195
0 

0 Bare 

18-02-82 12 2900 -21 Bare 

18-03-82 -7 Bare 

04-05-82 2 235 0 
12 Bare 
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DATE 

07-01-82 

05-02-82 

18-02-82 

04 - 05-82 

.. 

WIND 
SPEED 
(MPH) 

40 

29 

1 

WIND 
DIR. 

. ('mUE) 

2800 

310
0 

180
0 

- .. -.. - . 

TABLE OF DATA 

SITE #3 HILLS OF ST. JOHN'S 

~. 
C 

-8 1" X 4" hard rime at 5 ' level of leg 1350 

-19 2" X 2" hard rime at ground level 1500 

-7 ~" soft rime at 5' level of leg 2400 

10 Bare 



Muskrat Falls Project - Exhibit 79 
Page 42 of 107

DATE 

25-11-81 

07-01-82 

05-02-82 

17-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

23 

5 

5 

WIND 
DIR. 

('mOE) 

330
0 

300
0 

45° 

r -

TABLE OF DATA 

SITE #4 L'ANSE AU LOUP 

~. 
C 

Tower Down 

-10 6" soft rime at ground level 1800 

-26 Tower Erected 

-6 6" soft rime at 5' level of leg 1200 

6 Bare 
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--~ 

TABLE OF DATA 

SITE t4a L'ANSE AU LOUP 

WIND WIND DIRB:TIOO 
SPEED DIR. ~. I\CC!MJLI\TIOO OF 

DATE (MPH) ('!RUE) c tul'ED J\C'OMJLI\TIOO 

07-01-82 -8 6" soft rime at 5' level of leg 1800 

05-02.,.82 12 3300 
-24 2" hard rime at 5' level of leg 2100 

17-03-82 5 300
0 

-8 2" soft rime at 5 ' level of leg 1200 

04-05-82 5 45° 6 Bare 
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DATE 

07-01-82 

05-02-82 

17-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

6 

5 

WIND 
DIR. 

('mUE) 

330
0 

45° 

TABLE OF DATA 

SITE iPWl PINWARE RIVER 

~. 
C 

-9 

-21 1/8" glaze at 5' 

-7 Trace of Glaze 

6 Bare 

Bare 

level of leg 

DIREX::TI<fl 
OF 

ACC.'IMJIATl<fl 

3300 

90
0 



Muskrat Falls Project - Exhibit 79 
Page 45 of 107

DATE 

07-01-82 

05-02-82 

17-03-82 

04 - 05-82 

WIND 
SPEED 
(MPH) 

5 

5 

WIND 
DIR. 

('!RUE) 

3300 

45 

TABLE OF DATA 

SITE # PW2 PINWARE RIVER 

~. 
C 

• 
-8 It" hard rime at 5 ' level of leg 1800 

-23 Trace of Glaze 3300 

-7 It" To ls" glase at 5' level of leg 900 

6 Bare 
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TABlE OF DATA 

SITE IIPW3 PINWARE RIVER 

WIND WIND DIREX:TIOO 
SPEED DIR. ~. l\CCUMULATIOO OF 

DATE (MPH) (mUE) c Wl'ED ACCI:MJIATIOO 

07-01-82 -10 I" hard rime at 5' level of leg 1800 

05-02-82 5 3300 -22 Bare 

17-03-82 -6 Trace of Glaze 1500 

04-05-82 5 45 6 Bare 
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DATE 

07-01-82 

05-02-82 

17-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

5 

5 

WIND 
Dill. 

('TRUE) 

TABLE OF DATA 

SITE #PW4 PINWARE RIVER 

ww· c 

-10 

-22 

-7 

6 

BARE 

BARE 

BARE 

BARE 

DIRECl'IOO 
OF 

JIlXlMJLATIOO 
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DATE 

25-11-81 

18-02-82 

18-03-82 

04-05-82 

WIND 
SPEED 
(MPH) 

20 

7 

WIND 
DIR. 

('ffiUE) 

195
0 

330
0 

300
0 

300
0 

TABLE OF DATA 

SITEf9 28 MILE SECTION 

~. 
C 

-2 1" X 3" hard rime at 5 ' level 

-25 BARE 

-6 3/4" glaze at 5' level of leg 
Trace soft rime 

10 Bare 

of leg 

OIREX:TIOO 
OF 

l\COM.JI.ATlOO 

150 

1500 

3300 
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... 
o 

DATE 

18-02-82 

18-03-82 

04-05-82 

WIND WIND 
SPEED OIR. 
(MPH) (nlUE) 

7 90° 

TABLE OF DATA 

SITE UO MAIN RIVER 

OIROCTICtl 

~. J\CCUMULATIOO OF 
c OOTED lICOMJlATICtl 

-23 BARE 

-3 BARE 

+10 BARE 
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TABLE OF DATA 

SITE #13 PARSONS POND 

WIND WIND DIRFrrICIl 
SPEED DIR. ~. l\£X.UoIULATICN OF 

DATE (MPH) (TRUE) c turED J\tXXMJII\TICN 

25-11-81 BARE 

18-02-82 3300 
-24 BARE 

18-03-82 -7 ~" hard rime at 5' level of leg 1800 

04-05-82 4 180 0 
10 Bare 
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... 
N 

DATE 

25-11-81 

18-02-82 

19-03-82 

04 - 05-82 

WIND 
SPEED 
(MPH) 

23 

13 

4 

WIND 
DIR. 

('mUE) 

1950 

3300 

600 

180 0 

TABLE OF DATA 

SITE #14 PARSONS POND 

~. 
C 

-4 3" X 3" hard rime at 5' level of leg 150 

...,25 7" pennent of hard rime at S· level 2250 
of leg 

-15 l~" hard rime covered by 3"-4" soft rime 3100 
at 5' level of leg 

10 Bare 

• 
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TABLE OF DATA 

SITE #15 PARSONS POND 

WIND WIND DIRFCl'IOO 
SPEED Dm. ~. J\CC!MJLATIOO OF 

DATE (MPH) (1RUE) c 00l"ED I\CUMJLATIOO 

25-11-81 BARE 

19-03-82 -15 Tr ace hard rime at 5' 1eve1 of leg 1500 

04 - 05 - 82 4 18 00 10 BARE 
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APPENDIX 6.5 

CONTAMINATION DATA 

• 
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0.14 

-
C\J 

I ~ 0.12 
....... 
0' 
E 

- 0.10 

-U) 

HEAVY POLLUTION 

.~ 0.08 
Q) AVERAGE 
~ -

I ~ z 0.06 

Ii 
I i 0.04 

CI 
> I '; 

. 0-
W 

002 

SITE - LI 

"""-~ "'----
o ~ __ ~ __ ~ __ ~~~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~~ 

Sept. Oct. Nov. Dec. Jan. Feb. 

1981 
Mar. A pro May Jun. J ul. Aug. Sept. 

1982 

TOP OF INSULATOR 

----- BOTTOM OF INSULATOR 
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1-,oJ 

E 

I 
.., 
"-
CI 

E -->. -en 

I 
c: 
CD 
~ -

I 
.-en 
0 
Q. 
CD 
~ -
(.) 

I! -
l ' ~ -c: 

CD 

0 
' > 
::I 
C" 

UJ 

0.14 
SITE L2 -

HEAVY POLLUTION 

0.12 

0 .10 -- -----

0 .08 
AVERAGE 

0.06 

--

0.04 

002 

o ~--~~--~---r--~--~--~--~--~--~--~--~~ 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. , Apr. May Jun. Jut. Aug. Sept. 

1981 

TOP OF INSULATOR 

----- BOTTOM OF INSULATOR 

1982 
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1-
'" E 

\J 

" QI 

E ..... 
>--, I/) 

c: 
11) 

~ -en 
0 
Co 
11) 

I ~ 
I -

(.) 

I ~ --0 
In 

-c: 
11) 

IE:) 
' > 

\ 
I ' 

I 

.\ 

, . , 

~ 
C" 
w 

0.14 

0.12 

0.10 

0.08 

0.06 

0.04 

002 

HEAVY OLLUTION 

AVER 

f 1\ 
u' 'H I, 
I , " 
/ \ 1 \ 

-o'-f -++-- --
, E I \ 
I IG T \ 

\ It----L. 
\} 

SITE - FI 

• 

O~-i __ ~ __ ~~~-L __ ~~~~~-L~±=~L--i~ 
Sept. Oct. Nov. Dec. Jan. Feb. 

1981 
Mar. A pro May Jun. J ul. Aug. Sept. 

1982 

TOP OF INSULATOR 

-- --- BOTTOM OF INSULATOR 
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, . , , 

..... 
N 

e 
( .., 
I, ...... 
\ 0 

e 

0.14 

0.12 

- 0.10 

( 

(I 

en 
c: 
Q) 

~ -en 
0 
Q. 
Q) 

~ -
o 

0.08 

! I ~ 0.06 

! 
" 

I 

-o 
·en -c: 
Q) 

0 . > 
~ 
0-

W 

0.04 

002 

0 

HEAVY POLL.UTION 

AVERAGE 

LIGHT 

" I \ 

• 

\ . , 

Sept. Oct. Nov. Dec. Jan. Feb. 

1981 

SITE - F2 

---...,.. -
Mar. Apr. May Jun. J u I. Aug. Sept. 

1982 

TOP OF INSULATOR 

----- BOTTOM OF INSULATOR 
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( 

I 

APPENDIX 6.6 

SUMMARY OF TEST SPAN OBSERVATIONS 
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f 
I ' 

APPENDIX 6.7 

SUMMARY OF CLIMATOLOGICAL MONITORING PROGRAM 

( 1977- 1981 ) 

Ii , 
i 

I: 
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1 

I 

FINAL BEPORT 

Study 

of 

CliInatological Monitoring Program 

(1977-1981) 

for 

Lower Churchill Development Corporation 

Weather Engineering Corporation of Canada, Ltd . 

Dorval, Quebec 

April 8, 1982 

48 . 
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Contents 

Section Title Page 

I 
\ 

Contents i 

1 Introduction and Scope 1 

2 Review of Program and Findings to 1 
Determine the Effectiveness of 
Collection Techniques (Task No . 1) 

3 Necessity and Direction of Long Term 14 
Program (Task No.2) 

4 Summary of Reco=endations 24 

A ppendix A Tables 1 and 2 A -1 

Appendix :8 Extracts from HYDe and WECAN :8-1 
Estimates 

- i-
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SECTION 1 

1.0 INTRODUCTION AND SCOPE: 

Ihe Newfoundland and Labrador Hydro (N&tLH) "Report on 1980/81 

Climatological Monitoring Program" states (p.lO) 

" .....•... it is strongly recommended that a complete review be 
tna.de of the program and findings to date by a tneteorological ex
pert to determine the eHectiveness of the data collection techni
ques and establish the necessity and direction for a long term col
lection program. " 

This present report constitutes that review. Its tasks ,follow the 

reco=enc1ations of the report quoted: 

Task No.1: Review the program and findings to determine the 
eHectiveness of the collection techniques. 

Task No.2: Determine the necessity and direction of a long term 
collection program. 

SECTION 2 

2.0 REVIEW OF .eHE PROGRAM AND FINDINGS (Task No.1): 

A. "rHE PROGRAM: To facilitate the review a composite tabulation of the 

various program observational elements by years has been made (Appendix A, 

Table 1). 

The program arose out of a necessity to confirm the wind and ice 

loading estimates made for the HYDC Transmission Line by Meteorology Re-

search Inc. (MRI) in 1973 for segments of the line where no actual weather ob-

servations existed. 

MRI instrumented four test sites for the winter of 1974/75 (Sites 

1,2.3,4). The installations involved two 30 foot steel, guyed towers at each 

site, with 54 feet of conducto.r strung between them; icing rate meters, recording 

anemometers, thermometers, and hygrometers, 

-1-
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The C1imatolopcal Monitoring Program (CMP) theD iDatltmea 

a follow-up and greatly expanded progratn in the winter of 1977/78 which 

had four observational elements. The first involved the iDlltallation of 

recording anetnotneters (Bendix Aerovane propeller type. 120 volt oper

ated) at 4-Mile Pond-Holyrood. S=yside. Yankee Point. and the taking

over of an existing anetnometer at Hawkes Bay. 

The second element involved the installation of thirty (30) Passive 

Ice Meters (PIM) of Hydro Quebec design (described in Annual Report. Year 

1. 1977/78 on p. 4. and Fig. 1 on p. 56). The 30 locations are listed in the· 

same report. 

The third element involved three (3) Rosemount Ice Detectors 

(RID) described in Year I Report. 1977/78. p. 5. and in photographs. These 

detectors were installed at Sunnyside. 4-Mile Pond-Holyrood. and at Yankee 

Point. 

J' The fourth element involved ten (10) Ice Accretion Test Towers. 

These were 30 foot. guyed. lattice steel masts. (They a.re described in 

Year 1 Report. 1977/78. p. 6 and in photographs). This element included 

the towers at the four original MRI test locations (Sites 1.2.3.4) plus six 

towers at new Sites 2.a.. 4a. 5.6.7.8. 

In Year 2. (1978/79). the number of Test Towers was increased 

fro:m 10 to 15 by the addition of Sites 2b. 9.10.11.12. Two new program ele

:ments were added. The Salt Contamination Program was installed using 

insulator strings. (Report Year 2. 1978/79. pp . 9-13. and photo p. 63). The 

exposed insulator strings were periodically re:moved. washed. and the wash

ings analyzed for the salt content of the air. Thirteen (13) of these sites 

were installed as follows: Pt. Amoure (ll. L'Anse au Loup (1) Yankee Pt . 

(1), Roddickton Rd. (2). Zinc Mine Road (5). Sally's Cove (1). CNT Trans-
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mitter Road at Green PoiDt (2). 

The second new program element was for Salt Corrosion. It 

used the ALCAN CLIMAT unite (Year 2 Report. 1978/79. pp. 13-15. and 

photo p. 64). Six (6) of these units were installed as follows: Yankee Pt. 

(1). Daniel's Harbour (1). Zinc Mine Road (3). Sunnyside (1). 

In Year 3. (1979/80) the Test Tower program was increased to 

2.2 sites with the addition of Sites 2c. 13. 14, PW-l. PW-2. PW-3. PW-4. 

These additions were designed to confirm alternate route possibilities in 

the Pinware Valley, and along the Parson's Pond alternative in the Long 

Range Crossing area. These routes were selected by the SNC-Lavallin 

line designers in order to avoid areas of heavy icing which had been found 

to exist from the observations of Years 1 and 2 of the CMP. (Details. Ann. 

Report. Year 3. 1979/80. pp. 6-7 and photos pp. 49-50). 

A new program element was added with three (3) test spans. 

These were single spans and consisted of two 10-meter specially designed 

ste.~l. lattice type towers with 40 m of conductor (1192.5 MCM ASCR 54/19) 

strung between them (Ann. Report. Year 3. 1979/80. pp. 8-10, and photo 

p.52). 

These spans were installed at Brian's Pond (elev. 1600+ ft.). 

Inner Pond (1850+ ft.). and Parsons Pond (1900+ ft.). All three. although 

at high elevation. were somewhat sheltered from the storm winds. Load 

cells were installed in two of the guys at the Brian's Pond span. and a pro-

pane heated shelter for the recorder was provided. 

In Year 4 (1980/81), an additional anemometer was installed off 

the mouth of Levi's Gulch on the coastal plain to the west of the Long Range 

escarpment along the Parson's Pond alternative. This is in an area where 

strong winds were suspected to exist because of the areas of blow-down 
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among the tree •• 

The test span inatr=entation at Brian's Pond was tnoved to 

Inner Pond. since no· ice had occurred at the former site in Year 3. 

The total n=ber of Test Towers was decrea8ed to a total of 

18. including a new one inatalled at Site 15. 

The Salt Contatnination and Salt Corrosion programs were ter

tninated as baving accomplished their objectives . .A new Salt Contatnina

tion program at the Straits Crossing bas been instituted . 

Year 5. (1981/820). is now under way. One additional anetnotneter 

bas been installed in the Codroy Valley near the site of previous wind dam

age to two towers along transtni8sion line TL-2014. 

B. THE FINDINGS: The findings of the CMF are summarized as follows: 

B. 1. Wind: The existing six (6) installations use two types of standard 

anemometers which both give excellent data under ice free conditions. 

These are: 

a) The Bendix .Aerovane. Model 1200 Transmitter is installed at 

4 of the sites with 1200 volt power (Sunnyside. 4-Mile Pond-Holyrood. Hawke s 

Bay, and Yankee Point (lately moved to Savage Cove). The unit is sensitive 

to gusts as short as 20 seconds. 

b) The.AES three-cup anemometer type is installed at Levi's 

Gulch and in the Codroy Valley along TL-2014. This unit records "tnile-run" 

of wind, and so gives an excellent -true hourly average speed. It operates 

off batteries at these two locations. 

At the present time, there is no anemometer on the market which 

is able to run reliably under moderate to severe icing conditions. However, 

a new CE.A prototype anemometer is currently under development. 
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The four recording anemometers which were operated in Years 

1 through 4 have provided reliable wind speed and direction data in standard 

fonnat to fill in the AES basic meteorological network at the major obser -

ving sites (i . e. St . John's-Torbay, Gander, Argentia, Deer Lake, Stephen-

ville, Daniel's Harbour, Battle Harbour, Goose Bay). 

The new wind data have not yet been systematically compared 

with existing long-term stations and data. But, an inspection of the SUIn

=.aries presented in each of the four Annual Reports, and of the Review 

Report ("Review of 1977- 80 Climatological Monitoring Program") shows 

that the observations do not, in general, conflict with or exceed the pre-

vious estimates as to the prevailing wind speeds which were made by MRI 

from their analysis of the AES basic stations, and from their OWJ;l supple-

=entary observations. at Sites 1, Z, 3,4 in 1974-75 (See Table I below). 

The various wind speed observations represent averages taken 

over different periods of time. Specifically, the four CMP anemometers 

at 4-Mile Pond, Holyrood, Sunnyside, Hawkes Bay, and Yankee Point 

(Savage Cove). record the Z-second wind speed on a chart. The hourly 

wind speed is then read off as the visual average of the speed trace in each 

hour . This process is described in eMP, Year 1 Report, 1977-78, Appen

dix IX, p . 5 as follows: 

"Z. 5.3 MEAN WrnD SPEED - The mean wind speed for any 
period (one (1) minute, ten (10) minutes, one (1) hour, etc.) 
shall be determined from the speed trace of the recorder 
chart. A transparent strait-edge may be used as an aid in 
determining the mean wind speed. The straight-edge should 
be placed on the speed trace for the period , parallel to the 
horizontal edge of the chart, and in such a position that the 
edge of the ruler divides the speed trace into equal areas 
above and below the average. The edge of the ruler, so 
placed now indicates the measured speed." 
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Summary of Wind Data 
.~--------.. ------ --- .---- ..... - .•• -1"" ..... - .. -.------. 

station Maximum Wind (mph) Maximum Guot Segment 

I hr I min l !!lee 

4-Mlle Pond, Holyrood S 70 88 , SW 104 I 
(Z l/Zyro) 

Sunnyside S 45 56 S 71 Z 
(31/Zyro) 

Hawke. Bay SW 60 75 SE 65 10 
( 3 yro ) 

Yanke e Point NE 43 54 88 11 
( 17 mo. ) 

Savage Cove NE 50 63 68 11 
( 5 mo. ) 

Lev!'. Gulch E 93 116 (4) N/A 9 
( 5 mo. ) 

A ES Station. ! Note :II 
( 1953-71) 

St, John'.-Torbay W 88 120 
A rgentta N 70 85 
Gander E 65 100 
Buchanl ! SSE 65 
Deer Lake SE 45 
Stephe nville NNW 61 
Danie l' s Harbour SSW 68 
Battle Ha rbour NNE 80 
Goo.e Bay SW 5Z 
BonavllJta. WSW 70 88 
St. Andrew' I!I SE 90 
st , Anthony NNW 70 
Twllllnllntc SSW 7Z 

'-----_ .............. .. _ .. _. __ .... -_ ... __ ... _-- ----------_ ... ----- .-
Note.: " Taken from 'fable I of MRI 13 FR-1l31, p, ZZ, 

2 , Anemometers are not all at eame height above ground, See Table In MRI 73 

3, HVDC Wind Eotlmateo are 1 minute wind •• gu.t. are 2-oeco,nd gu.t., 

4, Wind calculat .. d from VI ", Ih = 1,25 VI hr ' 

-
. HVDe Loading Eotlmate. (Nole S, 

10- Year 50-Year 

Wind Guot Wind Ouet 

75 '11 '13 110 

80 97 98 116 

68 83 80 91 

75 91 93 110 

75 91 9) 110 

IZ6 143 140 IS7 
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The maximum gust apeed ia the bigbeat peak 011 the chart. The 

Levi's Gulch and Codroy Valley anemometers record the "miles of wind" 

which blow past the instrument each hour. Thus, they give a true hourly 

average wind speed directly, but no gusts. The winds at these two stations 

are directly comparable to the speeds at the other four installations taken 

from the charts in the manner described in the extract quoted above. 

However, tbe AES stationS record an "bourly wind speed" which 

is a I-minute average. It is taken by the weather observer at the various 

airports and stations sometime during the 10 minute period immediately 

preceding each hour. This "hourly windspeed" tends to be some 25'70 higher 

than the "hourly wind speed" taken by the visual averaging of areas on the 

chart described above, Thus, Column (2) in Table 1 shows both the hourly 

average, and the same value corrected to a I-minute speed by the. factor 

1. ~5, so that a valid comparison can be made with the HVDC wind loading 

estimates and with the AES observations in the same "Table, which are both 

I-minute averages, 

4-Mile Pond-Holyrood has experienced the strongest winds of any 

of the 4- CMF sites, This is, undoubtedly, a speed-up effect reflecting the 

topographic exposure of the station. While the 4-Mile Pond station ma'y be 

unrepresentative of the general surrounding area, it is a very valuable 

station for detennining the wind speed-up effect due to topography; it is 

readily accessible and is only 30 miles southwest of St. John's Torbay where 
• 

hourly winds are recorded and twice daily Rawinsonde observations of -graa-

ient wind speed are taken. Thus, correlations between 4-Mile Pond and the 

AES long term station can readily be made. 

To sUITlmarize the findings with respe~t to wind: three of the 

stations are in general agreement with the basic data from the AES airports 

and with the HVDC estimates made by MRI. The winds at 4-Mile Pond-

Holyrood station are stronger than the estimates and show marked effects 
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of topography in ca._in, speed-gpo 

The two new statiO!18 at Levi's Gulch and in the Codroy Valley 

are both designed to provide data on the local effect of strong downslope 

flow fro= the Long Range Mountains. It is too early to assess the results 

of these installatio!18, except to no~e that Levi's Gulch has already con

fir=ed that hurricane strength winds blow down from the escarpment, 93 

mph having been recorded on two occasions. A study of the downslope 

wind mechanism is currently under way by WECAN for N&LH in the Codroy 

Valley; the results there should be applicable to the Levi's Gulch areas as 

well. 

Thus. sufficient wind data are now available to provide general 

design load estimates ill the whole syste= area. Local topographic effects 

on wind =ust still be corrected for by special studies and SOInetimes by 

special field observations. 

B. 2 Ice. IDstr=entation and Findings: 

a) The Passive Ice Meter (PIM) network has shown the general 

pattern of glaze ice accretion froIn freezing rain over the island. There 

have been no surprises relative to the findings of previous studies done by 

MRl and WECAN. The largest glaze ice amount recorded was at Ha=pden 

on Jan. 8, 1979. where 9.5 c= (3.74") aCCUIIlulated on the flat plate of the 

PIM and 3. 75" dia=eter on the 1" rod. This corresponds to about a 1.5 

to 2 year return period loading on the estimates for the nearest segment 

of the HVDC line (Seg. 20). (See Appendix B, Fig. 20, Segment 20 HVDC 

maxim= glaze curve. 

The PIM was designed by Hydro Quebec, and it has given valu

able data on the severity and the geographical distribution of glaze ice 

caused by freezing rain at some 30 inhabited locations. 
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The ice accumulation. must be read and recorded manUally &0 

that their usefulness is more or les8 restricted to inhabited areas. Some 

PIM'swere illBtalled at the remote Test Tower sites, but they were not 

rugged enough to withstand the severe ice load.ings and the extreme winds 

at these sites and were badly damaged. 

However, for the detection and standardized measurement of 

glaze from freezing rain, they have given excelleD!: results. 

b) The Rosemount Ice Detector (RID): This is a relatively 

sophisticated, rather delicate autotnatic recording device for detecting 

and recording ice accretion eveD!:s at sites where 120 volt power is avail-

able. The device \18es the principle of rnagnetostriction whereby ice 

accretion on the sellBor changes its natural frequency of vibration and pro

duces an ice recording signal. 

The interpretation of the data in terms of ice thicknesses is as 

yet uncertain. On three occasions in Year 2 (1978/79) at 4-Mile Pond-

Holyrood, the ice accumulation on. structural members at the site was 

observed and these were compared with the RID readings as follows: 

Table 2 

Rosemount Ice Detector 
Comparison of Calculated and Observed Ice 

Date Ice Diameter Number of Ice Event Signals 

Measured Calculated (RID) (1) 

Feb. 2-3/79 2.5" glaze 2.2" 110 

March 22-23/79 I" riIIle 0.88" 44 

April 6/79 1- 2" 1.28" 64 
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Note: 1) The RID ice amount is calculated from the a.ssumption that each 
event represents 0.02" of ice. Thus, llO events =llO X 0.02 =2.2". 

Following this, an attetnpted comparison was tnade between the 

RID a.InOunts and the PIM observed amounts at Sunnyside (Year 1, Annual 

Report, pp. 28-29): these were on much smaller mounts of ice, and the re

sults were not reassuring. The Annual Report for Year 4, (1980-81), refers 

to tests on the RID by the U. S. Air Force made in an icing wind tunnel. 

These tests showed an excellent correlation between ice mass observed and 

that calculated from the RID ice event numbers. 

If continued USAF tests confinIl the correlation with the mass of 

ice accreted, the RID could become a standard ice detector. At that time, 

the existing eMP records should be re-examined and again compared with 

the concurrent PIM or other available ice accretion records. 

This instrument, even if its quantitative correlation is confirmed. 

would probably still be restricted in use to a few, fully instrumented "bench 

=ark" test sites. For these purposes, however, it could prove to be very 

valuable. 

It is possible that part of the past difficulty with poor correlations 

between PIM and RID is that both are expressed in term.s of ice thickness, 

whereas the USAF tests show a correlation with ice InaSS. However, there 

=ay also be real differences between RID mass accreted and the concur-

rent InaSS which will accumulate on a cylindrical conducta.r because of the 

"diameter effect". This refers to the fact that rime and cloud glaze both 

depends critically on the total diameter of the obstacle presented to the 

storIn wind. The RID probe diatneter is kept small by heating and Inelting, 

so that its accretion rate remains high, ' whereas a real conductor experi-

ences decreasing g.rowth rate with increasing diameter. Thus, the RID may 
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indeed be ·overpredic&g the ice accretion on an unheated cylindrical object 

such as a conductor, 

The RID has shown a general frequency of ice occurrence at 

Sunnyside, Yankee Point and 4-=ile Pond-Holyrood in the ratio of 

1: 1,5: 8,3 (See data in Review Report, 1977-80, Map 38, p.4). These 

data are summa.rized in Table 3. 

Table 3 

Ice .A ccretion Frequency, Rosenlount Detector 

Station Total Events Ratio Frequency (1) 

Sunnyside 22 1 1 in 16 days 

Yankee Point 32 1.5 1 in 11 days 

4-Mile Pond 183 8,3 1 in .2 days 

However, the RID does not discrinlinate between types of ice 

(i. e. between glaze and rinle). Also, 4-Mile Pond-Holyrood, because 

of its elevation and exposure, experiences rinle ice frequently whereas 

the other two stations are at low elevations and do not. The 4-Mile Pond-

Holyrood station experienced 183 days of ice in 2 seasons. This is about 

one occurrence every two days, a value probably not too far froYn an aver-

.age value for the higher elevations in the whole systenl area. 

To SUnlnlarize, the RID appears to be a successful ice event de-

tector, i,e, it nleasures ice frequency quite well. While this may be of 

operational use on some occasions , for line design it is the frequency of 

the amount of ice which is required , The first season of RID operation at 
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of ice and thickness of ice. In later seasons, however, the results were 

Inore confusing. The results of a recent study by the U.S. Air Force are 

that the RID measures ice mass quite well. If further tests are also posi

tive, then re-analysis of-the RID results may be warranted. 

c) Test Spans: These are single, 40-meter spans of conductor 

(1192.5 MCM ASCR 54/19) strung between two 10-meter, guyed steel towers 

(Annual Report Year 3, 1979-80, pp. 8-10, and photo p. 52.). Load cells 

were installed in two of the guys and the loads recorded in a nearby propane

heated shelter. 

These installations were made at high elevations in the Long Range 

Crossing segtnent, but in fairly sheltered terrain, typical of the majority of 

the line route in that area. During two winters (1979-80, 1980-81), they have 

experienced very little ice, and have thus served to demonstrate the reality 

of the dramatic effect of very slight or moderate terrain shelter (100 to 500 

ft. ) in reducing the ice loading from that occurring at fl111y exposed sites. 

However, the load cells and recorders have not been tested under 

severe ice loadings and a realistic assessment cannot, therefore, as yet be 

made of the effectiveness of instrumented test spans as a data collection de

vice under Newfoundland icing conditions. 

- These installations have experienced very little ice accumulation 

during the three years they have operated. This has confirmed the reality 

of the effect of slight to moderate topographic shelter from the storm cloud 

and storm winds (100' to 500') in dramatically reducing the ice loadings. In 

any future test, it might be advisable to install two test spans at each location, 

one fully exposed and one in moderate or light shelter, so that a more mean-

'\ ing£ul comparison could be made. 
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d) Test Towers: These In.tall&tion. are 30 foot guyed steel 

towers which serve as passive accmnulators of icing loads. They have 

been very successful, producing the basic icing data. for the HYDC route 

selection and line design in the severe loading segtnents of the Long RiLnge 

Crossing. the Highlands of St. John's and in the Labrador Up-slope iLreiLS. 

They are sim.ple, rugged, and reliable and can be conSidered as the proto-

type for successful ice detenninations for line design under extreme ice 

conditions in remote. relatively inaccessible areiLS. 

The accomplisb=ents are: 

1) Mapping of the qUiLntitative distribution of icing at high. 
exposed sites. 

Z) Good indications of the directions of the storm icing winds. 

3) Revealed dramatic differences in ice type (rim.e. glaze) 
between different regions which hOLd been unsuspected 
(e.g. Cat Arm). 

4) Demonstrated the effects of shelter in reducing ice IOiLdings. 

5) Enabled a rational selection of HVDC routes and route alterna
li:v.es. 

6) Provided data on the seasonal variation in ice severity. 

7) Provided data. on the physics of ice accretion on various struc
tural shaped members. 

Future work with these towers could well take the form of improve-

ments in parts of the tower geometry in an attempt to i=prove the ice accu-

=ulation measurements so that they can be better interpreted in terms of 

equivalent ice accmnulation on cylindrical conductors. Such innovation is 

strongly recommended for the Cat Arm Development area. where the need 

is present. and manpower and helicopter availability would be assured for 

the next several years. 
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The loadinl reaultl are: 

1) Fully exposed sites (20, 2ob, 4,11, 120, 5 , 8) receive 120-18" 

of diameter of rUne and/or glaze every 2. to 3 years . (Table 2, Appendix 

A). 

2) The Long Range Crossing receives the heaviest accu:nula

tion of rUne ice, whereas the eastern slope (Cat Arm area) and the Lab

rador up-slope receive mainly cloud glaze . 

For convenience, the results of the Test Tower observations 

of the Annual Reports have been regrouped in Table Z of Appendix A. A 

concise summary is shown in Table -4 below: 
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Area., Site 
N=ber 

Table 4 

Surmnary 
of 

Maximum Ice Loadings on Test Towers 

Diameter (1) Mass (2) 

~Haze RiIne Glaze RiIne MaxiInum Ratio to 
Mass Site 1 

• 
1. Sheffield 6" - 9.S1bs/ft - 9.S 1 
(Site 1) 

2. Long Range 7" IS" 13.8 ;h 43,6 lbs/ft 43.6 4.5 
Crossing: 
(2, Za. 2b, 2c, 2d, 
Ze, 9,10,13,14,15 

3 . Labrador 16" 6" 77.2 " 4.4 " 77.2 7.9 ., 
(4, 4a, PW-l. PW-2 
PW-3, PW-4) 

4. Cat Arm-Lake . 12" - 42.9 " - 42.9 4.4 
Michel: 
(5,6,8,11, 11a, 12) 

I 
5. Highlands of 7" I 7" 13.8 " 6.1 " 13.8 1.4 , 
St. John: 

, 

I (3, 7) 

Notes: 1) Diameters are taken from" Review of 1977-80 CliInatological 
Monitoring Program". They are the maxiInmn diameters reported from 
each site area. 

2) For purposes of illustration only, the mass of ice corresponding to 
the maxiInurn diameter of ice recorded at. anyone site in each of the 
five general areas has been computed by the following forInula: 

W = p'" 62.43( R/ - rc 
2 

] ,where, W is the mass in 

pounds per linear foot of conductor, p is the density ( 0.9 for glaze and 0.4 
for rime), Rt is the total radius of ice plus conductor, r is the conductor. 
radius, assumed here to be 1 inch. R t and r care enterea as feet. 

3) The heavy loadingsin the Labrador area COIne £rOIn Site 4 only. The 
other sites designated as Pinware Valley(PW -) have recorded Inuch lower 
ice loadings. . 
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SECTION 3 

3.0 NECESSITY AND DIRECTION OF LONG rERM PROGRAM (Task No.2): 

I. WIND: ·rhe present state of knowledge of wind for the system area is as 

follows: 

1. The extreme value wind speed estimates for standard design 

return periods derived from the data of the basic A ES observing stations have 

been done (MRI FR-1l31, FR-137S: WECAN Report, "Ice and Wind Study". 

March, 1972). 

2. The basic . wind frequency distributions for speeds less than the 

extre=e values have not been done. These are of somewhat marginal value for 

design purposes, but, since they can readily be procured from AES, either in 

printed form for some stations, or as computer print outs for the rest. they 

should probably be obtained and kept on file for any future needs. 

3. The gradient wind basic frequency distributions for the island 

Rawinsonde stations (St. John's-Torbay, Argentia, Stephenville) have been done 

by WECAN (LCDC Memo May 4/Sl; Interim Report on TL-2l4. Nov./Sll. 

4. The extreme value estimates of gradient wind speed for standard 

return periods have been done (Ref. as in No. 3 above). 

5. The general details of the basic wind speeds at the 4 additional 

stations of the CMP {Sunnyside, 4-Mile Pond-Holyrood, Hawke's Bay and 

Yankee Pt. (Savage Cove) are quite well known. (Table lof this report). 

6 . The CMP data for Levi's Gulch and Codroy Valley are still frag

tnentary but the WECAN study for the Codroy Valley on TL-247 should produce 

a workable method to deal with special wind tnechanism operating there. 

Conclusions as to Wind: The general wind field over the whole province is known 

in quite good detail both for operational (i. e. day-to-day) purposes, and for 
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design purposes (1. e. tne extreme values). 

Tbe "grey areas" remaining are: 

1. Tbe deviations from the general wind flow caused by local topographic 

irregularities are not known in sufficient detail. This refers to speed-up 

factors to use in increasing the wind speed over hills, in valleys, etc . (WECAN 

has done some preliminary work here on the Cat Arm study for N&tLH, and 

currently, for Cat Arm Consultants for the 12.5 kV distribution system loadings. 

The final reports of these studies will contain sections on these wind effects .. J. 

A Inajor area of special wind effect is the downslope flow which occurs 

along the weste.rn coastal plain at the foot of the Long Range escarpInent, from 

Wreckhouse and the Codroy Valley to the Parson's Pond area (Levi's Gulch) 

and on up to the Highlands of St. John when the general gradient flow is frOIn 

the east. 

Up-slope wind increases, for example, in the Cat Arm area and on 

the eastern s lopes of the Long Range Mountains, constitute another incoInpletely 

solved problem. 

The knowledge of wind behaviour over irregular topography, and of 

practical. empirical speed-up factors to use are still in the realm of research. 

Two new specialized studies of pronounced local wind effects are 

currently under way. First, the probleIn of the Codroy Valley (Wreckhouse) 

extreme winds along TL-2l4 is under study by WECAN where N&tLH have in

stalled a recording anemOIneter in the area of previous tower daInage and have 

arranged for some local suppleInentary wind observations . Tbe WECAN Interim 

Report on this study bas been subInitted (Interim Report, TL-214. Nov. 15. 1981, 

WECAN-I03). 

Second. the extremely strong winds along the Long Range western 

escarpInent have also been confirIned at Levi's Gulch by the CMP aneInOIneter 
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installed there. 

It is WECAN's opinion that these two special wind problems represent 

essentially the same physical mechanism, namely, downslope wind flow off the 

Long Range plateau (1800') to the western coastal plain (300'). when the gradient 

wind flow is from the east or south east. This wind phenomena is known in 

Europe as the "Bora", (from the Latin "boreas" for "north"). 

It is anticipated that the theory and structural details of the wind. 

flow currently being studied by WECAN in the Codroy Valley case .should be 

available shortly. These should also apply to the Levi's Gulch area, and, in 

fact, to the whole of the western escarpment of the Long Range Mountains . 

Another grey area of importance is that of the wind flow along the 

general coastal escarpment for the Cat Arm Development. The general wind 

loadings in the area can be estimated from the basic surface wind data already 

done and smnmarized· above. But, the speed-up factors along the escarpment 

during on-shore flow are not known. WECAN has estimated these factors on 

theoretical reasoningj but experimental confirmation is required. 

Finally, in regard to wind speed-up in general, it should be men

tioned that the 4-Mile Pond-Holyrood installation is ideally situated for corre

lation studies with the standard AES anemometer at St. Jobn's-Torbayairport, 

and with the Rawinsonde there. The two locations are only some 30 miles apart, 

and analysis should clearly reveal the topographic speed-up factors involved. 

Considering the above comments, it is recommended that: 

1) The anemometer program should be continued, using the same type equip

ment as in the past. The 4-Mile Pond station should be viewed as a potential 

key research station for the study of local wind effects which could be then ap

plied widely elsewhere across the province. 
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2) Consideration should be given to installing two anemometers at the Cat Arm 

Development, one on the coast, and one at some exposed location inland up the 

I escarpment, possibly along the route of the 12.5 kV line. Eventually, the Lake 
j 

I 
I 

! 

Michel district will also require some on-the-spot wind data. (It may be noted 

here that the Hawkes Bay wind data are relevant to the Lake Michel area. and 

provide valuable back-up information to the AES data at Daniel's Harbour>. 

3) "The various wind data, analyses, estimates, and studies should be filed, 

collated, and indexed by N&LH. The AES data for monthly and annual extreme 

winds recorded each year should be added routinely to the files. Periodically, 

say on a 5-year basis, the annual extremes should then be added to the MRI/ 

WECAN extreme value series, and new estimates calculated to provide up-to

date des ign figures . 

4) The speed-up factors for winds in the Long Range Crossing area under 

easterly and northeasterly flow during the winter should be determined as soon 

as it is "instrumentally possible to do so . One season of data from two stations, 

one on the approaches to the general slope and the other at the top of the slope 

along the actual HVDC line route would be adequate . 

5) If an anemometer site must be dropped, possibly Sunnyside would be most 

dispensible, followed by Hawkes Bay. Yankee Point (Savage Cove) is required 

for the Straits Crossing Salt Contamination Program. 

II ICE: 

The present state of knowledge" of ice in the system "area is as follows: 

A. Glaze Ice From Freezing Rain: 

1. The distribution of glaze from freezing rain is fairly well known 

(PIM observations of CMP - 4 years, 30 stations l. 

2. The severity of glaze: The extreme value estimates for standard 

return periods have been done by MRI for the HVDC line and by WECAN for the 

St. John's area and for the Cat Arm coastal area (TL-247). Estimates for the 

-17-
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Cat Arm distribution area (12,5 kV lirie) will be available shortly. The FNA's 

for the basic AES observing stations have also been done (MRI-73, FR-1l31 

and MRI-77, FR-1501). 

B Cloud Glaze Ice: 

1. The distribution of cloud glaze ice is imperfectly known. The 

Cat Arm study by WECAN (Final Report on TL247, (Draft), Oct. 15, 19S1) 

using the data born Sites 5,6, S,l1,l1a, and 12 of the CMP, has concluded that 

the extremely heavy ice along the upper slopes of the east coast escarpment is 

cloud glaze. It, und-O'!lbtedly, occurs widely elsewhere in the province (e. g. 

Sites 4, 4a, etc.!. A current study for the 12.5 kV distribution system will 

present the known data on this, but a more complete knowledge of this condi

tion should remain an important goal of the CMF. 

Cloud glaze intensity depends on wind speed, cloud drop ~-izes, and 

the -cooling power of the aireL e. the "wet growth" condition) _ While quite ade

quate estimates of the general winds can be made, as described above, the 

cloud glaze occurs where speed-up and other topographic effects on wind are 

predominant. A Iso, there are no observational data available on cloud drop 

sizes in Newfoundland. The drop sizes can be determined by_ various research

type instru:ments, the simplest being to expose a series of cylinders of various 

sizes to the storm wind. The different cylinders then accrete different amounts 

of ice which can be interpreted in terms of different drop sizes, if the wind 

speed is known or can be estimated. 

It is recommended that this problem of more precise data on droplet 

sizes be tackled at the Cat Artn Development and at 4-Mile Pond-Holyrood. 

This is a major probletn in the ice accretion theory. The results will be directly 

applicable to any Lake Michel-Daniel ' s Harbour extension, to the Long Range 

crossing, to the Labrador upslope, and to the Highlands of St. John, so that any 

solution will be of wide application. 

-1S-
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C. Cloud Rime: 

The distribution and severity of cloud rime ice is fairly well known 

fro:rn the MRI HYDC estimates, and the CMF Test Tower observations. The 

MRI estimates are conservative. and it would be desirable to obtain more pre-

cise data so that, if possible, some reduction or refinement in the estimates 

r might be made. The CMF has produced observational evidence on rime se

verity. its local distribution, and on tbe marked eHect of sligbt topographic 

s be lte r in reducing the icing loadings. 

It is recotnmended that (1) the Test Tower program should be tnain-

'ained. possibly on a tnore limited area. The program could be restricted to 

i those towers in the Long Range Crossing area (i. e . suspend visits to the High

lands of St. John and the Labrador Up-slope areas!. However. until the design 

for the HYDC line is finalized it would be very useful to have full data from the 

sites already installed. 

The Cat Arm sites should be maintained; and be tr·ansferred to the 

Cat Arm Development. These changes' would considerably reduce tbe helicopter 

expense which is a major budget item. 

Z. Tbe rest Span program should be discussed with the SNC design 

engineers. Subject to their needs. it is tentatively recomtnended that either the 

program be terminated. or that two spans be transferred to one of the more ex-

posed Test Tower sites in the Long Range crossing along the HYDC line route. 

Two rest Spans. one fully exposed and the other in slight topogrllphic 

shelter along the line route at the same general site would be ideal. The fully 

exposed span should then accumulate sufficient ice to provide loadings which 

could test the effectiveness of the loading cells. 

-19-
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m SALT CONTAMINATION PROGRAM: 

MeiLsuretnents under this program are taken by the washdown of 

non-energized insulator strings installed at the thirteen (13) locations listed 

in Table A-I. Appendix A. The installation iLnd details are given in the Report 

for Year 2. 1978-79. Appendix VI. 

I The 13 sampling sites are all at low elevations near the sea coast, , 

except for two new sites. 12a, and 11a. at elevations of about 700 feet above 

tn. s .1. in the Cat Arm Develop:ment area), 

The findings have been that salt conta:mination drops off rapidly 

with distance inland from the sea. so that it is not a serious concern more 

j' than a mile inland. 

However, recent observations from the two new test sites ' on the 

Labrador side of the Strait of Belle Isle Crossing cast some doubt on the decay 

r rate with distance inland previously 'found. , Here, a new site about a mile in

land has recorded higher salt levels than the station right at the coast. This 

I 
I infortnation was recently brought to WECAN's attention and the following pos-

sible explanation has been offered: 

Figure 1 shows diagramatically the two test stations during a period 

of on-shore wind flow. Station "A" , near the sea is only about 50 feet above 

sea level ,and so is well below the base of the stratus cloud which 'regularly 

Inoves on-shore during easterly and southerly storms . 
• 

I Station B is at an elevation of about 250 feet. This station could 

i ' therefore be in the cloud when the stratus ceiling is below that level. The air 

flowing up into the cloud base from the sea contains "cloud nuclei" consisting 

of tiny brine droplets (approx. 0 . 5 to 1 :micron in diameter), Particles as small 

-20-
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Station "A" Is below cloud base and is exposed to brine droplets ( radius 0.5 microns) 

Station "B" is In cloud and Is exposed to much h,l.rger cloud droplets ( radius 3 - 5 microns) 
conta Inlng the brine droplets. 

Figure 1 . 
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as tbat bave a low rate o! impaction and collection on the wulator plates. 

The concentratiOD of salt particles in the air will always be leas at Site B 

than at Site A because of the fallout of particles with distance inland . Conse-

quently. the salt contamination on the ins ulators should be les s . 

Under in-cloud condit ions at Site B. the salt particles will have 

entered tile cloud base and have become activated by the higher relative hu-

midity and will have become cloud droplets. This means a very large increase 

in their size from 0 . 5 tnicrons to about 5 to 10 microns. i. e. an increase of 

from 10 to 50 HYnes. This will mean a large increase in the collection efficiency 

of the insulator plates for such large drops. Thus. even though the absolute salt 

content of the air flowing inland is actually dropping off at the usual rate, the 

salt colleCted on the insulator plates could be much greater under in-cloud con-

ditions because Ynore particles are actually collected . 

Table 5 

Sizes of Brine Droplets and Cloud Drops 

~Of - -14 -13 
Salt 10 g 10 g 

ReI Size ReI Size 
Radius of. Salt Crystal 0.103 ~m 1 0.2.2. f' m I 

Radius of Brine drop 0.191'- m 2 O. 39p. m 2 
.. 

Radius of Cloud Drop 2. . 0 I'- m 20 6 . 21'-= 3 0 
at Cloud Base 

Sites near the sea which have a h i gh frequency of occurrence of in-

cloud conditions because of their elevation would be subject to the mechanism 

just described. Typical cloud base heights over the sea during storms of on-

-2.2-
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shore flow would be 300 to SOO feet; inland this flow could give in-cloud con': : 

ditions at sites with elevations as low as ZOO to 300 feet. 

The above model would indicate that for transmission system struc-

tures near the coast which are sensitive to high salt levels , the problem might 

be eliminated by locating them at elevations which are below the usual cloud 

base height. 

It is recommended that the following steps be taken: 

(1) Re-evaluate the data from Years Z and 3, and for the cat 
A rm sites lla and l2.a, from the standpoint of the 
exposure of the existing sites to in-cloud conditions. 

(2) Evaluate the data from the new Strait Crossing test sites as in 
(1) above. 

(3) Make any necessary recomrr.endations for test site re-location 
or for new installations, so that the magnitude of the 
in-cloud effect on salt deposition patterns can be es
tablished. 

IV SALT CORROSION PROGRAM: 

.fhis· program was carried on from Dec. 1978 to January 1980 (14 

months). The results showed a marked drop-off in corrosion index with dis-

tance from the sea, and, as these findings confirmed the results of previous 

studies , by Teshmont,the program was terminated . . (For details see Report , 

Year 3, 1979-80, p . 8 and Appendix VI; Report, Year 2., 1978/79, pp 13-14 

describing the CLIMA T units installed (Classification of Industrial Marine 

Atmosphere)). 

It is recommended that either this program remain in abeyance 

t until the in-cloud assessment of Salt Contamination be completed,at which 

time the correlation between salt contamination readings and salt corrosion 

could be studied to see if there are any implication for corrosion under in-

c loud conditions, or, alternatively, that CLIMA T units be installed at the 

Strait Crossing on the Labrador side to obtain direct corrosion index readings 

there. 

-2.3-

74 . 



Muskrat Falls Project - Exhibit 79 
Page 87 of 107

I 

SECTION 4 

4.0 SUMMARY OF RECOMMENDATIONS: 

I. WIND: 

1. Maintain 4-Mile Pond, Holyrood, since it represents a topo-

graphic up-slope station which can be correlated with the AES surface wind 

and rawinsonde observations at St. Johnts-Torbay on a real time basis to 

quantify the speed up effects. 

2. Maintain Levi's Gulch, · Codroy Valley until the downslope 

problem is satisfactorily solved. 

3 . Maintain as a second priority Sunnyside, Hawkes Bay (for 

the Lake Michel-Daniel's Harbour line), but, if necessary, move equipment 

from them to Cat Arm as being higher priority. 

4. Maintain Yankee Point (Savage Cove) so long as the Salt Cor

rosion/Salt Contamination programs are under way at the Strait CrossiIig. 

5. Consider installation of two new anemometers at the Cat Arm 

Development. 

6. Maintain an annual up-date of wind data, and a complete index 

of data, studies, and sources at N&LH. 

7. Possibly install an anemometer near Parson's Pond during 

sununer months only to confirtn the extent of the downslope winds already ob-

I served at Levi's Gulch. 

JL .,ICt:.; 8. Maintain PIM installations for 3 to 5 years more, then con-

i - sider reduction and relocation. 

9. Maintain RID at 4-Mile Pond, Holyrood. 

10. Terminate other RID's until the USAF evaluation study is 

available. 

11. Relocate two Test Spans to a more exposed site near an 

-24 
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existing Test Tower along the HVDC line route if they can be fully inIItru-

mented. Otherwise, maintain them all as passive ice tower sites at present 

I locations. , 

r 

12. Maintain inspection visits to Long Range Crossing and Lab-

rador sites until the final HVDC line design is set. 

13. Equip one or two exposed sites in the Long Range Crossing 

with vertical pole arrays or cylindrical casings to the test towers to determine 

average values of storm cloud drop sizes and collect data on the critical dia-

meter for ice growth. 

14. Maintain the Cat Arm Test Tower progratn under the Cat 

Arm Development. 

IS. Equip Cat Arm sites with vertical pole arrays at the 2 an-

i· emometer sites, as well as at Site 11, and at the proposed tnicrowave· tower 
, 

\ 
\ 

\ 

Site "C". 

16. Equip 4-Mile Pond-Holyrood with vertical pole arrays. 

17 . After the Cat Arm cloud glaze findings are cotnp1eted (Itetns 

4 and 15), reassess their implications for the Labrador Up-Slope and High

lands of St. John. 

18 . Maintain, and up-date annually, NL&:H files on icing, data, 

reports, studies and sources. 

m. SALT CONTAMINATION: 

\ 19. Reassess existing data on salt contamination for evidence 

'f in-cloud enhanced deposition. 

\ 20. Based on results of 19, assess the scope and placement of 

four new sites at the Strait Crossing. 

\ SALT CORROSION: 

\ 21. Install CLIMA T units at the two salt contatnination sites on 
\ 

>r side of the Strait Crossing. · 

-25-
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Program 
Item 

A. WIND 

> , 
.... 

B. ICE 

1) Passive Ice 
Meter (PIM) 

Z) Rosemount 
Ice Detector 

3) Test Spans 

. 

TABLE 1 

Summary 
of 

--

Climatological Monitoring Program Installations-
--

Content 

-1------------
Recording _ 
Anemometerll 
Bendix Model 120 

AES Cup-type -
Battery operated 

Hydro Quebec type 
{Ann. Rpt. Yr. 
p. 56, Fig. 1) 

I, 

( Ann. Rpt. Yr. 1 
p. 5, and photo) 

Single spans, 
40mof119Z.5 I 
MCM ASCR 54/19'1 
30-feet high I 

Load cellll and I 
recorders i 

---- .. --.- --_ ..... ,-
Year I 

... "-"-------_ .. -.. .. .. 

4 

Sunnyside 
4-Mlle Pond-
Holyrood 
Hawkes Bay 
Yankee Point 

I 

I . 
I ; 

._--- -.----._-- I · I 
---- --t--------- ---------- ---1- " ----.. - ---

30 
( See Ann. R pt. 
for locations) 

3 
Yankee Point 
Sunnyllide 
4-Mile Pond-
Holyrood 

-------

I 

30 

3 

I 

I 

I 

30 

3 

3 
Brian', Pond 
Inner Pond 
Pareon'lI Pond 

(Moved to Sange 
. Cove) 

I 
1 
Levl'lI Gulch 

i • 
: ( 1 Yr. 5 In 
1 Codroy Vallay) 
i 
I 

30 

3 

, 3 
1 

_I Drian'll Pond In! 
I nunentatlon mo' I to Inner Polld 

I 
! -L _________ ..L. . __ . _____ ~-

._.. .-~--.-~.--.... ------
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..... 
00 

------'fable I cont'd 

Program 
Item · 

.-

Content Year 1 

.-

Ye!,-r2 . . Year 3 Year 4 

4) Test Tower 
Sites 

30-foot, guyed 
lattice steel 
towers 

10 

.... ---1- -. ... -...... --... .... _.- :. 

1,2,2a,3, 4,4a, 
5,6,7,8 

15 

1,2,2a,2b,3,4,4a, 
5,6,7, 8, 9,10,11, 
12 

22 

l,2,2a,2b,2c, 
3,4, 4a, 5, 6-;:;, 
8,9,10,11,12, 
13,14 

1----- ------'11------.. _.- _____ .. _ ... __ ..... _ .. ___ ._ .... 
I 

PW-l, -2, -3, -4 
... .... .. -- ... _.-_ .. --..... ....... ....... ...... 1. .... ... . . 

r:. SALT I 
CONTA MINA TION 

Ins ulator string . 
Washings 13 

Pt, Amoure(l) 
L'Anse au Loup (1) 
Yankee Pt (1) 
Roddickton Rd (2) 
Zinc Mine area (5) 
Sally's Cove (I) 
CNT Xmitter Rd 

, , 
I , 
! , 

13 
I 

18 

2,2a,2b,2c,24,2e, 
3,4,4a,PW-lt -t, . 
-3,-4,9,10.1'.14, 
IS, 

Terminated' 

i' (Note: 2 new alte. 
,. to be · constructed 

at each end of Str. 
I Belle Isle Cro .. ing 

termination pointe) 

at Green pt. (2) .-... ----............ .... :. --.L-... - ........ _ .. .. _._ 
. D, SALT 

CORROSION 
A lcan CLIMA T 

6 . 16 units 

Yankee Point (I) 1 
Daniel's Harbour (I-

. Zinc Mine Rd, (3) 
. Sunnyside (1) I 

'~-_____ -l. _ _ . ____ _______ ~ _ __ _ ._. __ . __ __ . __ . . .. . .. ... ____ .. . ..... ' .. _ . . . 

1 
! 
, Terminated 

. . ' . 
. _- ----- . 
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__ or_· , 
1 ,Sheffield· , 1 

I 
2, Long Range: 2 
Crossing I' 

3, Labrador 
Up-slope 

4. Cat Ann
Lake Michel 

2a 

I· 2b 
i 

I 2c 

9 

10 

13 

14 

4 

6 

S 

11 

12 
I 
I 

5. Highlands'! 3 
of St, John ! 

7 

Table 2 

Maximum Ice on Test Towers 
( 1977-S0) 

• D~-~' - ";~n '-" i~-e-b"-' ~~- ["~~~; "'-M-~'~m~-'---" 

i .. _ ._..... t........- __ .. ' 11 .. _Dia~ .. __ . ,:eigt:~_ .... , . . 
.5"G: l"R B 12.5"G!6I1G iB i 6"Glaze 9.Slbs/ft 

1.5"R. lS"R 9"R !lS"R !2.5"R'I· 2"G I IS" Rime 43.6lbs/ft 

B 
, , , 
1 

I I 
.5"R . 25"Ri 3" G ; B ! Tr. R 3" Glaze . 

. I I 

Tr G! ·6"R 

B 

B 

B 

I 
lB 
! , 
. i • 3"R , 
!B 
! 

6"R lS"R IS"R B 

IB . B 1 3", B 
7:'GR' 3"G 

I 
i 2.5"G' ' B 

IB I B , 
I 

B B 

BIB' 
IB rB IB B 

6GR 
i , 

4, SGl!! 

Tr G : .5G I 

B 

B 

B 

B 

.3R 

B 

; , -
i 
i 
; 

-

.5R 

Z.5R 

B 

1.5R 

.SR 

3.3R 

; 
! 

1 5"R9"R 
: 1 

8G !10G 
i 

. SG !4.8G 

13"G 

: .SG 
1 I 

SG !BiB 

~.5G ·ll.8G :B 
B 

B 

IG 

4R 

B 

il.3G 
I 
'I2G 

12G 

, 
;B 
l 

:B 

I 
16G 
I 
; ZG 

IG 5,5G ; 2G 

1.50 iIZG 
I 

18G 
2GR 17G 

7R 14R 

: 
i 8G , 
1 
.B 
i , 
i SR 

! IG 

l6G 

6R 

B 

B 

B 

B 

B 

B 

B 

18" Rime 43.6 lbs/ft 

1.3" Rime ' . 

7" Gl + R ! 

I 
9" R.ime I 

16" Gla.ze 177.2 1bs /ft 

6" Rime I 

0.8" Glaze! 
! 

1. 8" Glaze I 
Nil 

1.3" Glaze 

1Z "Glaze : 4Z. 9 lbsli' 

1Z" Glaze 4Z.9 lbs/f' 

5.5" Glaze 

12" Glaze 42 9 lbs/f' 

8" Glaze 

7" Glaze 

7" Rime 
__________ ~ ____ L_ __ ~L_ __ _L_ ._JI ____ ~ ___ ~ __ ~ ____ __ ,. 
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TABLE 1 

GLAZE LOADINGS 
Extreme Value Analysis 

Torbay 

Return Total Glaze 
Period (T) Diameter on 1" 

(yrs. ) Conductor 

25 4.7 
50 5.3_ 

" 
75 5.7 
100 6.0 

TABLE 2 

AVERAGE MONTHLY WIND SPEEDS 
For Icing Directions Only 

mph 

Jan. , 
Gander . Grand Bank Cape Race Torbay 

North East 11.3 15.5 19.8 11.3 
Ea.st 14.2 14.1 15.4 11.9 

Feb. 

North East 12.9 15.7 24.5 18.5 ! 
; 

East 15.7 16.9 17.0 13.9 I 
Mar. 

North East 13.9 14.8 21. 1 I 11.6 ! 
East 13.6 13.4 13.1 l 8.0 I , , 
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7.2 Location of Test Sites & Test Spans 
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