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CI Number: C0044172 
 
Title: L7005 Canso Crossing Vibration Mitigation 
 
Start Date: 2023/07 
In-Service Date: 2025/06 
Final Cost Date: 2026/05 
Function Class: Transmission 
Forecast Amount: 2,431,095 
 
DESCRIPTION: 
 
This project is for the investigation, custom hardware development, testing, and installation of a new vibration 
dampening solution for the L-7005 transmission line across the Canso Strait. The new vibration mitigation system 
involves installing 288 custom Preformed Line Products (PLP) dampers and 1,164 PLP airflow spoilers on the L-7005 
Canso Crossing spanning structures 729 to 732. 
 
As part of CI 43678 - Separate L8004/L7005 on Canso Crossing Double Circuit Tower (DCT), a new 1.4 km L-7005 
transmission line crossing was constructed at the Canso Causeway and went into service in July 2018. During a routine 
inspection of the crossing towers in 2021, fatigue-related failures were identified in the installed vibration dampers. 
The increased vibrations also resulted in localized damage to the conductor and loss of structural fasteners from the 
steel towers. The primary cause of damage to this crossing has been identified as Aeolian vibration and galloping—
phenomena typically occurring under low-to-moderate wind speeds combined with ice accumulation. While the 
original design accounted for the estimated dynamic effects of wind and ice, it has become evident that actual site 
conditions have introduced variations beyond those original engineering considerations. These conditions have led to 
the observed fatigue and damage to the original dampers and the conductor. The impact of these dynamic forces is 
further exacerbated by the crossing’s higher elevation and extended span lengths. 
 
The sequence of events is as follows: 
 

• Q4 2021: Unexpected conductor damage was observed during an inspection at the L-7005 Canso crossing. 
The damage prompted an engineering assessment completed by a third-party conductor expert. Please refer 
to Confidential Attachment 1. Due to the significant dynamic effects on conductors and towers resulting from 
Aeolian vibration and galloping, the expert recommended the development and installation of a more robust 
system of revised dampers, air flow spoilers, and monitoring devices. 

 
• Q3 2022: Repairs to the conductor were completed and the original dampening system was repaired where 

there were damages to help mitigate vibration issues on an interim basis while a more permanent solution 
was developed. Due to long lead times associated with the vendor’s manufacturing and testing requirements 
as well as subsequent testing by NS Power via a third-party lab, it was not possible to install the new 
dampening system at this time. 

 
• Q4 2024: Procurement and final testing was completed for the new dampening system and project installation 

planning was initiated. 
 

• Q3 2025: Installation of custom PLP dampers and PLP airflow spoilers was completed. 
 
Summary of Related CIs +/- 2 years: 
Pursuant to Section 11.2 of the CEJC, related CIs for Transmission projects include “work completed on the same 
asset class (Padmount transformers, Breakers, etc.) or in the same location (feeder, Transmission Line).” 

• No other projects in 2023, 2024, 2025, 2026, or 2027  
 
Depreciation Class: Transmission Plant – Overhead Conductor and Devices 
 
Retirement Information:  

• Categorization of Retirement: Accounting Policy 6420 - Retirement and Disposal of Capital Assets 
• Percentage of Asset Pool:   0.11% 
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Estimated Life of the Asset: 45 years 
 
JUSTIFICATION: 
 
Justification Criteria: Transmission Plant 
 
Why do this project? 
 
Damage to the original set of dampers as a result of the higher than anticipated aeolian vibrations means the equipment 
can no longer provide sufficient protection against ongoing conductor vibrations. A third-party engineering assessment 
indicated that, in the absence of corrective action, the conductor will continue to degrade (please refer to Confidential 
Attachment 1). This could potentially lead to a conductor failure at the Strait of Canso, presenting a safety risk, 
compromising the reliable operation of the transmission line, and requiring emergency unplanned repairs in a difficult 
to access span. The undampened vibrations could also result in additional damage to the steel towers carrying the line, 
potentially requiring costly structural interventions. 
 
Why do this project now? 
 
The original damper system that was repaired where there were damages on an interim basis in Q3 2022 has reached 
its end-of-life, and without mitigation the conductor is at risk of damage from ongoing aeolian vibration. Without 
introducing a new dampening solution, the conductor will continue to degrade and would likely require replacement 
in the near future.  If this conductor failed, not only would it present a public safety risk as the line crosses over 
highways 104 and 19, but the line also plays a critical role in overall system operation as part of the Cape Breton 
Export Corridor transporting energy from Cape Breton to the Nova Scotia Mainland.  
 
This project was originally planned to be executed in 2026, but during a routine inspection in Q1 2025, there was 
additional conductor damage discovered, requiring immediate remediation to avoid further damage to the crossing. 
Please refer to Attachment 2 for photos of the damage discovered. 
 
Why do this project this way? 
 
Installation of the new dampening system provides a long-term solution to conductor vibration compared with further 
interventions using the originally installed dampening system which is now at end-of-life. Installing the new dampening 
system and repairing the broken conductor strands was more cost effective than replacing the entire section of conductor 
in the future. The cost of replacing the entire span of conductor is estimated at approximately $2.5 million and would still 
require installation of the new dampening system to protect from future vibration-induced damage. 
 
Contingency Statement 
 
This project is complete; as such, no contingency has been included in the detailed cost estimate. 
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Capital Project Detailed Estimate

C0044172
L7005 Canso Crossing Vibration Mitigation

Execution Year: 2023-2025

Unit Quantity Unit Estimate  Total Estimate 
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 49 452$  21,979$  
PD 52 452$  23,591$  
PD 1 404$  303$  
PD 40 461$  18,347$  

Sub-Total 64,219$  

PD 24 443$  10,831$  
Sub-Total 10,831$  

PD 15 905$  13,299$  
PD 1 887$  489$  

Sub-Total 13,788$  

Lot 1 (359)$  (359)$  
Sub-Total (359)$  

Lot 1 6,699$              6,699$  
Sub-Total 6,699$  

Lot 1 674$  674$  
Sub-Total 674$  

Lot 1 145,405$          145,405$              
Sub-Total 145,405$              

Lot 1 148,318$          148,318$              
Lot 1 1,670,755$       1,670,755$           

Sub-Total 1,819,073$           

Lot 1 1,463$              1,463$  
Sub-Total 1,463$  

25,097$  
Sub-Total 25,097$  

33,023$  
Sub-Total 33,023$  

46,627$  
264,557$              

Sub-Total 311,184$              

2,061,792$           
2,431,095$           

Original Cost 211,480$              

Meals

Location: Transmission
CI#:

Title:

Description

Term Labour
Term Labour

 Overtime Term Labour

Project Management

Field Project Lead
Technologist

Interest Capitalized

Freight Postage Delivery

Engineering - Design
Regular Labour

Materials
Air flow Spoilers, Patch Rods and Dampers

Contracts
Kinectrics Line Monitoring, Design and Testing
Installation of New Vibration Mitigation System

Overtime Labour
 Overtime Regular Labour

Meals

TOTAL (AO, AFUDC included)

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labour AO

Contract AO

SUB-TOTAL (no AO, AFUDC)

Freight Postage Delivery

Other Income - Salvage
Salvage

Travel Expense
Travel Expense

Vehicle Overhead
Vehicle AO

AFUDC
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Transmission Line Infrastructure Required fields:
Project Name: L7005 Canso Crossing Vibration Mitigation Started or Preliminary Class 5 Class 4 Class 3 Class 2  Class 1
Maturity Level of Project Definition Deliverables Defined or Complete 0% to 2% 1% to 15% 10% to 40% 30% to 75% 65% to 100%

Project Scope of Work Description Defined (D) P P D D D
Site Infrastructure (Access, Construction Power, Camp, etc.) Defined (D) NR P D D D

Voltage (kV) and Circuits Defined (D) P P D D D

Not Applicable

Codes and/or Standards Defined (D) NR P D D D
Environmental Monitoring Defined (D) NR NR P P D

Not Applicable

Right-of-Way (ROW) Defined (D) P P D D D
Contracting/Sourcing Defined (D) NR P D D D
Escalation Defined (D) NR P D D D

System/Grid Planning (including substation and interconnect locations) Defined (D) P P D D D
Logistics Plan Defined (D) P P P D D
Integrated Project Plan Defined (D) NR P D D D
Project Code of Accounts Defined (D) NR P D D D
Project Schedule Defined (D) NR P D D D
Regulatory Approval & Permitting Defined (D) NR P D D D
Risk Register Defined (D) NR P D D D
Stakeholder Consultation/Engagement/Management Plan Not Applicable (NA) NR
Work Breakdown Structure (WBS) Not Applicable (NA) NR
Start-up & Commissioning Plan Not Applicable (NA) NR

Routing Options Defined (D) P P D D D
Topography & Bathymetry Defined (D) P P P/D D D
Environmental Impact/Sustainability Assessment Not Applicable (NA) NR
Environment/Existing Conditions Defined (D) NR P D D D
Meteorology and/or Oceanographic/Subsea Not Applicable (NA) NR
Soils & Hydrology Not Applicable (NA) NR

Conductor, Insulator, Grounding, Joint Design (including protection for buried or 
subsea) Complete (C) S P C C C
Foundation/Structure (Tower) Design Complete (C) S P C C C
Route Mapping/Survey Complete (C) S/P P/C C C C
Design Specifications Complete (C) NR S/P C C C
Instrument List Not Applicable (NA) NR
Construction Permits Complete (C) NR S/P P/C C C
Geometric Layout, Alignment, Profile, Cross Section Complete (C) NR S/P P/C C C
Land/ROW Title Negotiation Not Applicable (NA) NR
Civil/ Site/Structural/Architectural Discipline Drawings Not Applicable (NA) NR
Crossings and Borings Designs and Drawings Complete (C) NR S/P P C C
Demolition Plans and Drawings Not Applicable (NA) NR
Erosion Control Plan & Drawings Not Applicable (NA) NR
Foundation/Structure (Tower) Discipline Drawings Complete (C) NR S/P P C C
Tower/Structure Location/Spotting Complete (C) NR S/P P C C
Instrument Datasheets Not Applicable (NA) NR NR/S
Electrical Discipline Drawings Not Applicable (NA) NR NR
Instrumentation/Control System Discipline Drawings Not Applicable (NA) NR NR

Total # Deliverables for this 
Project 10 26 27 27 27
% Defined/Complete 
towards Class Estimate

100% 100% 100% 100% 100%

Comments:
This project is complete so no contingency is required.

A. Scope

Instructions: Select option in Column B.   
Columns C through G will auto-populate.

Project Cost Estimate Input Checklist and Maturity Matrix
Estimate Classification

General Project Data

Technical Deliverables (Specifications and/or Drawings)

H. Studies

Document No: XXX-XX-XXXX-XXXX

B. Capacity

C. Project Location

D. Requirements

E. Technology Selection

F. Strategy

G. Planning
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Legend:

Inclusions:
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1.0 SCOPE AND PURPOSE 
  
The L7005 230kV Canso Crossing constructed in 2017 has experienced conductor damage due to 
extreme weather induced vibration and galloping. The location of the crossing is subjected to severe 
weather, winter storms, channeled winds and accretions of wet snow and ice, which are conducive 
to the occurrence of conductor aeolian vibration and galloping, especially during the months of Nov 
to Apr.  
 
A number of mitigation measures were put in place and more measures are planned to be 
implemented to address the conductor damage and vibration issues. The purpose of this document 
is to summarize the challenges of this unique crossing, engineering studies and research, 
engagements with industry experts, identifying solutions/mitigation measures and future work. 

2.0 REFERENCES 
 
[0] Interim report Oct 2021, Assessment of the 230 kV Canso strait crossing, David G. Havard Ph.D., 
P.Eng. 
[1] Interim report on June 13, 2023, drone-based survey of nova scotia power s L7005 345 kV Canso 
strait crossing, David G. Havard Ph.D., P.Eng. 
[2] Interim report on May 16, 2024, drone- L7005 345 kV Canso 
strait crossing, David G. Havard Ph.D., P.Eng. 
[3] Report for NS Power conductor damage Canso strait crossing, Jack Roughan, ZTT International 
Ltd. 
[4] Technical memorandum L7005 Canso Causeway air-flow spoiler and dampers modelling in PLS-
CADD, B. Bilkhu, AAB Engineering Inc. 
[5] Plan showing a proposed 345 kV overhead wire crossing of the strait of Canso, Auld's cove, 
Antigonish county to Port hastings, Inverness County, N.S. 

3.0 BACKGROUND 
 
The L7005 crossing was designed with vibration dampers, however, no galloping control devices like 
Air Flow Spoilers (AFS) were originally designed or installed on the crossing. Salvi dampers were 
installed for aeolian vibration control. Severe conductor damage on the crossing spans was reported 
in Sep 2021. The cause of damage was attributed to uncontrolled vibration and galloping [0] resulting 
in slippage of dampers which in turn damaged the outer aluminum strands of the AACSR conductor. 
The report completed by Dr. Havard included in Appendix 0 outlines the drawbacks of the original 
Salvi dampening scheme and testing and proposes mitigation options for aeolian vibration and 
galloping control. 
 
2022 Inspection & Repair 
In May 2022, a climbing inspection was conducted which confirmed the locations of conductor 
damage, slipped dampers and dampers missing weights. Later in the year, in 2022, conductor repair 
was completed, and new Preformed Line Products (PLP) dampers were installed. Also, the remaining 
available Salvi dampers were installed to provide additional dampening as the required special PLP 
Robust dampers and AFS were not available at the time due to manufacturing and delivery lead 
times. 
 

 

.

REDACTED CI C0044172 Attachment 1 Page 4 of 247
REDACTED (CONFIDENTIAL INFORMATION REMOVED)



Rev1. Sep. 2024
Page 5 of 27

replace the existing armor rod under the suspension clamp with a longer one so it would also cover 
the damage location. Longer armor rods available in the
fit under the existing suspension clamp. Market research was done to identify if there are any 
suspension clamps available that can accommodate the larger diameter armor rod, however, this 
effort was not fruitful. Hence, PLP had to create a custom long armor rod that would fit under the 
existing suspension clamps as well as be long enough to cover conductor damage close to the 
clamps. This resulted in this armor rod not being available in 2022 when the repairs were completed.

2023 Inspection & Repair
In June 2023, a drone inspection was completed which revealed more minor conductor damage
(surface marks and loose wires) which were not as severe as the damage observed in 2021 [1]. A 
review of the inspection data was completed by Dr. Havard and the report of findings can be found 
in Appendix A.

2024 Inspection & Repair
In May 2024, a drone inspection was completed. This identified no broken strands and no new
significant damage to the conductor. However, there is some residual conductor damage remaining 
from 2023, the remaining Salvi dampers and PLP dampers are in service, except one PLP damper 
had a fractured arm [2]. A review of the inspection data was completed by Dr. Havard and the report 
can be found in Appendix B.

In Jul 2024, a tower climbing inspection was completed on the Canso crossing lattice towers, bolts 
were re-torqued, and members were checked for any damages. The tower inspection summary 
report can be found in Appendix H. No major issues were identified on the towers. A couple of issues 
including a damaged tower member on STR 723 (SW foundation) are being investigated to identify 
the appropriate mitigation measures.

Considering all the required material is now available and delivered, before winter 2024/25, it is 
planned that the remaining conductor damages be addressed, new special PLP dampers and Air 
Flow Spoilers be installed using a conductor cart [0] [1] [2].

 

.
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8.0 DAMPERS & AFS

In addition to repairing any conductor damages, the mitigation measure for aeolian vibration and 
galloping consists of PLP special dampers and Air Flow Spoilers (Refer Appendix F). L8004 Canso 
strait crossing which is located adjacent to the L7004 crossing did not experience similar issues due 
to severe galloping. This was due to the installation of air flow spoilers to the phase conductors on 
L8004. This prevented galloping and is a convenient reference/benchmark as this mitigated L8004 
crossing has been satisfactorily in service.

NSPI has engaged Kinectrics Inc. to complete Damper characteristic and Damper fatigue tests and 
provide a detailed test report summarizing the results and comparison to original Salvi dampers. The 
required dampers to complete the testing have already been provided to Kinectrics. As per Dr. 

testing on the new dampers has to be carried out for the full range of 
frequencies that can actually occur on the line including frequencies as low as 3.8 Hz. The testing 
procedure by Kinectrics for testing the new PLP dampers covers an expanded range of frequencies 
including 3.8 Hz.

To facilitate PLP to produce an updated damper placement chart, NSPI provided them with the 
locations of conductor repairs closest to suspension clamps (see table below). This is so that the 1st

group of dampers closest to the suspension clamp can be placed sufficiently away from the repair 

special longer armor rod is required to be used. The updated AFS placement and Damper placement 
charts can be found in Appendix J and K.

L7005
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Based on discussions with PLP, the following requirements were established for placement of the 
dampers and AFS:

The updated placement chart for the dampers shall be utilized by the crew when installing 
the dampers. If there is any additional conductor damage in the location identified, the entire 
group of dampers shall be placed away from that location. The group of dampers shall be 
moved together and dampers within a group shall not be separated. The updated placement 
chart from PLP will include additional guidelines for this scenario.
For AFS, the requirement is that a certain percentage of the total conductor length has to be 
covered and the AFS have to be evenly distributed along the span. PLP will provide guidelines 
on allowable tolerances for number of AFS per span if during installation, it becomes 
impossible to accommodate all the identified number of AFS within that span based on the 
wire lengths.

10.0 TOWER ASSESSMENT

Due to the additional weight of the proposed dampers and AFS, the impact on the towers, 
foundations and insulator assemblies needs to be studied. NSPI has engaged CIMA+ to complete 
this study as part of their tower assessment. The additional vertical loads on the towers were
calculated as shown in the table below. This exercise is only required to be completed for the 
suspension towers 730 and 731 as there are no major impacts on the dead-end towers due to the 
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additional weight of the AFS and dampers. Based on the study, it was concluded that the towers can 
accommodate the additional vertical loads introduced by the dampers and AFS without 
compromising structural integrity. Minor increases in member utilization and foundation loads were 
noted and are within acceptable limits. Refer Appendix L for the study report from CIMA+.

This study in addition to the climbing inspection that was recently completed are efforts to ensure 
the towers are in good condition to support the additional weights of the AFS/Dampers and 
conductor cart.

11.0 EXECUTION PLANNING

Conductor cart work method, project emergency plan and conductor cart rescue procedure.
Test trial of the cart work.
Fit checks of AFS, dampers, armor rods and suspension clamps prior to execution.
Outage coordination with ECC.

12.0 NEXT STEPS

Share damage repair procedure (as detailed in Section 5.0).
Share updated damper and AFS placement charts.
Procure cold galvanizing spray.
Procure gritted inhibitor grease.
Coordinate vibration and galloping monitoring device (PLP AEOLUS) procurement, 
installation and schedule. These devices are planned to be installed at the same time as 
the AFS and dampers when the crew is on the cart. A cost comparison was conducted to 
determine the optimal solution for monitoring devices from what is available in the market,
and it was concluded to proceed with the PLP AEOLUS devices (Refer Appendix M for 

 

.

REDACTED CI C0044172 Attachment 1 Page 11 of 247
REDACTED (CONFIDENTIAL INFORMATION REMOVED)



Rev1. Sep. 2024
Page 12 of 27

details).
Coordinate and review tower assessment/assembly checks report from CIMA+.
Coordinate interim work permit on the water crossing with Ron Parker due to reduction in 
vertical clearance. An interim permit drawing has been created and provided for this 
purpose.
Investigate mitigation measures (if required) based on the tower climbing inspection 
findings.
Witness damper testing on Oct 3rd at Kinectrics Labs in Ontario.

Post-repair / post-installation summary report of findings.
As-built survey of the crossing upon completion of the required work to produce an updated
crossing permit drawing for submission to Transport Canada for approval.
Once the repairs are completed, AFS and special dampers are installed, it would be 
recommended to employ a line robot type device that can be deployed on the conductor to 
further assess if there are any loss of galvanization or corrosion to the steel strands. NSPI 
Transmission Engineering is currently in discussions with NUCLEOM with respect to their 
LineCore devices.

13.0 CONCLUSIONS & RECOMMENDATIONS

NSPI Transmission Engineering reviewed all existing assessments, inspections, 
correspondences to date completed internally and externally by industry experts.
Further required analysis and assessment on conductor and towers were performed to 
determine the impact of the reported conductor damages and additional weights of AFS and 
dampers.
Upon a comprehensive review of all the information, it is recommended to install the 
required AFS and dampers, and any outstanding conductor damages be repaired.
The calculations to estimate the residual strength of the conductor with the current and 
expected damages, as well as installation of AFS and dampers were completed.
Based on the available residual conductor strength, the installation of vibration and galloping 
mitigation devices are recommended.
The risks associated with applying the mitigation and monitoring far outweigh the risks 
associated with leaving this long crossing unprotected against vibration and galloping.
Similar mitigation measures were applied to an equivalent L8004 span located adjacent to 
the L7005 span and were found adequate to protect the long crossing span against vibration 
and galloping.
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APPENDIX 0  DR. HAVARD REPORT 2021 
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Canso Strait 230 kV Crossing Assessment

Havard Engineering Inc. page 1

HAVARD ENGINEERING INC..
3142 Lindenlea Drive, Mississauga, Ontario, Canada, L5C 2C2

Telephone: (905) 273-3076  
http://www.havardengineering.com

E-mail: dhavard@rogers.com

To: Balraj Bilkhu, P.Eng., 
Sr. T-Lines Engineer
Nova Scotia Power
T: 902-471-4849
balraj.bilkhu@nspower.ca

  DRAFT
INTERIM REPORT No. 1

FOR NOVA SCOTIA POWER
ASSESSMENT OF THE 230 kV CANSO STRAIT CROSSING

By 
David G Havard Ph.D., P.Eng.

President, Havard Engineering Inc.
3142 Lindenlea Drive.,

Mississauga, Ontario, Canada, L5C 2C2

EXECTIVE SUMMARY

David G. Havard, Ph.D., P.Eng.,
President, Havard Engineering Inc.

October, 2021
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1. INTRODUCTION

The 345 kV crossing of the Canso Strait is the second crossing span and was built in 2017. Figure 

1 shows the plan of the crossing including the new towers. Initial operation is at 230 kV, but the 

line was designed for ultimate use at 345 kV. The location is across a narrow waterway between 

the mainland of Nova Scotia and Cape Breton Island. Damage to the main conductor during the 

first years of service is severe and attributed to the limited capability of the design to control wind 

induced vibrations. This interim report is intended to review the available data, and to propose 

short term and long-term corrective measures going forward.

Figure 1 Plan of the new towers and 345 kV double circuit spans across the Strait of Canso

(Hatch file H349324-0000-70-012-0003_E_V4.pdf)
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Photos of the damper status in 2019

Photos of the damper status in 2021

A complete listing of these documents is provided in Appendix 1. That appendix summarized the 

crossing.

Additional information provided verbally by Staff on Nova Scotia Power in a video conference 
call on October 5, 2021, was used in this report.

Certain information that would be expected but is missing from the information package 
includes:

Report on the installation of the towers, conductor, insulators, and hardware.

Record of maintenance and repairs to the line since construction. 

Reports of any service outages on the line.

Test data on the SALVI damper showing the energy absorbed as a function of test 
frequency.

Other data relevant to this study, but missing, include the weather records for the past four years, 
particularly records of winter storms that would be expected to create build ups of ice or wet 
snow on the conductors.
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2. WEATHER CONDITIONS & VIBRATION

The location of the crossing is noted for multiple winter storms with high winds, heavy snow and 

icing. The design requirements for the crossing reflect these weather conditions. Wind loads are

up to 125 km/h winds, and ice loads up to a radial thickness of 60 mm. These weather loads are 

based on a 150-year return. (Hatch document H349324-00000-35-197-0001-001.pdf). But the 

various signs of damage now apparent on the crossing span and hardware are indicative of 

uncontrolled aeolian vibration or galloping. Aeolian vibration is caused by steady winds, not 

necessarily high winds, and this crossing is boldly exposed to channelled winds along the strait 

ideally suited to produce aeolian vibration.

Galloping occurs when there is a layer of ice or wet snow on the conductor, and it is driven by 

moderate to high winds. The severity of that motion increases with increase of wind speed. 

Galloping typically occurs with thin ice layers, but when the deposit is made up of wet snow the 

accretion can be comparable to the conductor diameter. Dynamic loads due to galloping can be 

very high and are repeated hundreds of times during a winter storm. As much as two times the 

weight of the span including the ice has been recorded on suspension insulator strings (

Loads o

Czech Republic, 17-20 June 2002). Damage due to galloping affects the same locations in a line 

as aeolian vibration and it is very difficult to tell from the appearance of the damage which type of 

vibration or oscillation caused it.

A further effect of ice is to change the effective diameter of the conductor and increase the aeolian 

energy transfer, requiring enhanced damping for control, and also changes the frequency of the 

aeolian vibration to a lower range that is not controlled by dampers designed for bare conductors. 

This effect undermines the design requirement that damping be controlled by Stockbridge 

dampers, that are known to be ineffective at these lower vibration frequencies. (Hatch document 

H349324-00000-35-197-0001-001.pdf). Alternative types of damping need to be considered for 

the long-term protection of this crossing. Dampers for aeolian vibration do not protect against 

galloping motions and further control methods need to be introduced. Due to its length and 

thickness this span is outside the range of conductors for which galloping controls are normally 

available. But galloping controls must also be considered, with use of high strength interphase 

spacers being the most likely option.
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Verbal information supplied by NSPI staff, indicated that the towers are very noisy. This is 

probably another manifestation of uncontrolled vibration or galloping or both, that has loosened 

tower bolts. It indicates one of the actions required following up this review, that is to tighten all 

bolts on the tower to prevent further deterioration, such a cracking of the tower members, 

especially those in the tower arms.
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3. DAMPING DESIGN

The design of damping system for the crossing spans was contracted to the A. Salvi & C., Milano, 

Italy, and that company developed a six-damper scheme for each end of each of the main and back 

spans. (Canso-Strait 345kV project_Damper effectiveness study_DS612-16.pdf) The design was 

backed up by analysis using the ESANEM software and tested in an indoor span at Dervaux 

laboratories in France.

But the document includes a detailed commentary by Professor Giorgio Diana explaining that the 

damping scheme would not be effective in a range of conditions. Notably this damping scheme 

would not be effective when there is significant, but for this location not unusual, ice on the line. 

His commentary suggests that it might be effective against aeolian vibration with ice up to 10 mm 

in radial thickness. He states that it would not be possible with current Stockbridge damper 

technology to protect against aeolian vibration with the specified maximum ice coating of 60 mm, 

due to the magnitude of the wind energy transferred being according to the fourth power of the 

effective diameter. The comment does not specifically identify that it would be not protect against 

galloping motions. But this statement clearly warned against limitations of the damping scheme 

before the dampers were installed. 

Figure 3 Array of 6 Salvi 4MS529VZ0952X vibration dampers on AACSR conductor for 
each end of the 1445 m Canso crossing span.                                                            

Dimensions: a 1.8m, b 2.0m, c 2.3m, d 1.5m, e 0.8m, f 1.3m 

(Salvi document: Canso-Strait 345kV project_Damper effectiveness study_DS612-16.pdf)
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The damping scheme was replicated on the Dervaux indoor test span. The test is described in 

PV20_17 Damper Efficiency Test on AACSR 900-510.pdf. Figure 4 shows 

the resulting comparison between the computed aeolian wind power transferred to the 1445 m 

length of conductor (with no ice), and the scaled energy absorbed by the six-damper array at each 

end of the span. The figure shows that the energy absorbed exceeds the wind energy applied over 

the test range. 

But it must be noted that this is for the bare conductor, and the wind energy with an ice layer would 

be increased in proportion to the fourth power of the effective diameter, as explained by Professor 

Diana. Also, the test results are for the frequency range of 12.8 to 47.5 Hz. Aeolian vibration is 

due to steady winds in the 1 to 7 m/s range. For this diameter of conductor at 1 m/s wind speed the 

aeolian vibration occurs at 3.8 Hz. Thus, the tests of the damper array were not carried out in the 

full range of frequencies that can actually occur on the line, even for the bare conductor. In 

particular, the low frequencies between 12.8 Hz and below were not evaluated. Further, the energy 

Figure 4 Power versus frequency for array of 6 Salvi 4MS529VZ0952X vibration dampers on 
AACSR conductor for the 1445 m Canso crossing span

-510.pdf)
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absorption curve for the individual damper included in the data provided.  That is important to 

ensure that the dampers have the capability to absorb wind energy at these low vibration 

frequencies that can occur on this span.
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The conductor was manufactured at ZTT Cable (Jiangsu Zhongtian Technology Co., Ltd) in China

and proof testing was performed at ZTT Nantong Test Centre. Testing was partially observed by 

a representative of Hatch who provided photos of the various test set ups. Individual tests of steel 

wires included, diameter, strength, elongation @1% strain, wrap test, coating adherence, mass of 

zinc were carried out during production and reported in H349324-RV-00007-CA01PDF

Cover.pdf. Aluminum alloy wires were tested for diameter, tensile strength, elongation, and 

resistivity. All wires were within specifications. Material test on ingots of steel and aluminum alloy 

were also performed and found compliant. (ZTT documents: Chemical position analysis Al 

Ingot.compressed.pdf, Completed Production Test.pdf, On-going Production Test.pdf, Steel core 

Incoming test.compressed.pdf). The complete conductor was tested for condition, diameter, mass, 
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lay ratio, breaking load, stress-strain and dc resistance test. The creep test on the full conductor 

was carried out at Shanghai electric cable research institute.
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5. ALTERNATIVE DAMPING SCHEMES FOR AEOLIAN VIBRATION.

There are power lines crossing large bodies of water in several countries, many exposed to both 

channeled winds and accretion of ice or wet snow. Serious vibration problems have been widely 

experienced. An alternative technology for controlling their vibration was introduced by Ervik at 

al. ( Erection of and vibration protection on long fjord crossings in Norway by M. Ervik, T. Horn 

and R. Johnsen, CIGRE Paper 23-03 1968). Figure 6 

shows a modern installation design for a 1.913 km fjord span in Greenland using the same 

methodology. The loops are constructed from the same conductor as the main span and attached 

to the main conductor using parallel groove clamps. Other applications have used armor grip 

suspension clamps for both the loop and main conductors. Some damping scheme designs use 

lengths of small conductor for the loops farthest from the supports. The selection of loop lengths 

is related to the positions of maximum amplitude of vibration at the various aeolian frequencies so 

that the loops are vibrated by the main conductor motion and the internal damping of the loops 

reduces the motion amplitude. While the procedure is not formalized in a published procedure, 

Statnett, the Norwegian power utility, provided guidance for the example shown in Figure 6.

Figure 6 Loop Dampers Installed at each end of the Tunilliarfik Fjord crossing.

Total Length of Loop Dampers is about 84 m
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ZTT cable was critical of the SALVI damping scheme, and also of the design of the end fitting for 
the main conductor, before the crossing was erected (About Canso Crossing 200170203 .docx
Some questions and concerns about 345 kV overhead transmission line Strait of Canso crossing

The outlined their check of fittings and damper design by Salvi from ZTT and state that the string 
fittings were comparable to ZTT practice but the tension clamp design and the damping scheme 
were different. In their opinion, the damping scheme with 6 SALVI dampers per end has long term 
risks, especially with ice present. ZTT offered an alternative damping scheme with dampers plus 
damping wire loops. This is shown in Figure 7.  The report cites a previous failure of a Yangtse 
river crossing with a Salvi designed damping scheme.

It also questions the design of the tension clamp and suggests testing before use. There was a 
failure of the conductor at the dead-end during construction, and while Salvi did redesign the dead 
end, it is not clear which version was installed at the time.

Figure 7 Diagram of combined loop dampers and Stockbridge dampers from ZTT

(ZTT document About Canso Crossing 20170203.docx)
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6. Control of Galloping

6.1 Interphase Spacers

The summarizing statement in the State-of-the-Art report 

No control method can 

guarantee it will prevent galloping under all conditions

, p83). However,

several control devices can reduce amplitudes of galloping,

and the corresponding dynamic loads on the conductors, 

hardware, insulators and structures, to acceptably lower 

levels. Interphase spacers for use in heavy icing locations 

were tested at Hydro Quebec (

Fourth International 

Conference on Cable Dynamics, Montreal, Canada, 2001,

by P. van Dyke, M. Hamel, G. Desrochers, P. Guilbault and 

A. Laneville). The tests were carried out to determ

the forces applied during artificially induced severe galloping. There were four spacers in each of 

the three full sized test spans, 

and the circuit was vertically 

aligned. But the principle is 

ready adaptable to the long span 

and delta configuration of the 

Canso crossing spans. Figures 8

and 9 shows one of the 

interphase spacers and the span 

configuration at the Hydro 

Quebec outdoor test site.

Figure 8 interphase spacer for 
Hydro Quebec Power lines

Figure 9 Hydro Quebec outdoor test line with four interphase 
spacers in the span during galloping.
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6.2 Detuning Pendulums

Detuning pendulums are weights attached to the

conductor, either single or bundle, at a prescribed arm 

length to impose a torsional rotation on the conductor that 

is different from the normal wind driven torsional motion 

seen during galloping. This torsional motion interferes 

with the resonance between vertical oscillation and 

torsional motion that is a natural component of galloping 

of overhead conductors. In the normal range of span 

lengths and diameter encountered on overhead 

transmission lines, their effectiveness is well established 

based on extensive field evaluations during naturally occurring galloping events. They have given 

single and bundle overhead 

conductors, but this application is well beyond the range of span length for which relevant data 

and experience are available.

6.3 Air flow spoilers

Air flow spoilers are a wrap of PVC rod designed to modify the flow of the wind around the 

conductor to break up coordinated eddies from vortex shedding, in a similar fashion to strakes of 

a vertical chimney. They are most suited for small single conductors, such as overhead ground 

wires and distribution lines. They are installed in two clusters at the one quarter and three-quarter 

Figure 11 Air flow spoiler

Figure 10 Detuning pendulum
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points in the span. Each cluster covers one quarter of the span length. In field trials carried out in 

the 1980s, they were shown to provide good control of galloping up to ice or wet snow coverage 

less than about 25 mm (1 inch). [Whapham 1982]. Air flow spoilers were used on the first crossing 

span to overcome severe galloping motions. 
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INSIGHTS FROM THE FIRST CROSSING SPAN

The following is based on discussions with Balraj Bilju of NSPI and a paper from the Havard 
Engineering archives entitled: "Experience at the Strait of Canso Crossing in Nova Scotia", by 
Robert Whapham, presented to the CIGRE Task Force on Galloping, Cleveland Ohio, USA, in 
September 1987. Further details of the damage and remediation of the first crossing were received 
later.

The first crossing span was completed by the Nova Scotia Power Company in September 1983. 
One circuit is designed for 230 kV and the other for 345 kV. The main span is 1455m (4770 ft) in 
length, and the back spans are 1105 and 635 m (3300 and 2083 ft). The conductor is a 43mm 
diameter, high strength, smooth body, self-damping conductor with two gaps between layers. It 
was strung at the unusually high tension of 40% of rated tensile strength to keep the towers to an 
acceptable height. Initial experience included large horizontal and vertical motions of the 
conductor and flashovers between phases. The self-damping properties of the conductor, that is 
through impacts between the different layers of the conductor, were not sufficient to control 
conductor the motions in response to the wind energy at the location. Figure 14 shows examples 
of the self-damping conductor. Note that there will be a proportionately greater area of steel in the 
crossing conductor. Other data on the properties of the self-damping conductor [Edwards and 
Livingston 1968] indicated that it had very good control of the high frequency vibrations due to 
aeolian wind excitation, but it did not have the same capability to control the lowest frequencies 
of oscillation such as due to conductor galloping.

Weather records of the period December 1983 to 
May 1984 showed 50 days in which there were 
freezing temperatures and rain or snow 
precipitation. Winds at Port Hasting were about 
60% higher than at Eddy Point, the difference 
attributed to the channeling effect of winds along 
the strait between the 150 m high cliff each side.

In response to the uncontrolled vibration a study 
of the aerodynamic benefits of air flow spoilers 
was undertaken using a wind tunnel. The severe 
motions had been attributed to either the sudden 
drop in drag at higher wind speeds, or to 
galloping instability resulting from a layer of ice 
on the conductor. The addition of half-length of 
a ¾ inch (19 mm) diameter spoiler to a simulated 
conductor in the wind tunnel was found to reduce 
the drop in drag. This led to the conclusion that the phase-to-phase contacts were the results of 
violent galloping. Prior field trials had shown the ability of the air flow spoilers to reduce the 

Figure 14 Cross sections of sample Self 
damping (SDC) conductors with one, two 

and three gaps between layers.               
(from ALCAN catalog)
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motions of galloping on small distribution conductors with coverage of one quarter of the span 
length at each of the one quarter and three-quarter points in the span. For this crossing span 

Whapham 1987 reports that 100 spoilers were installed on each conductor. A later Nova Scotia 
Power document dated 2011 showed removal of original air flow spoilers and adding 171 on one 
circuit and 161 on the other, distributed over the main and both back spans. All spoilers were 
installed over the middle 60 percent of each span.

At the time of this publication, b with no reported flashovers, the 
motions were considered to be successfully controlled.

Further data from the first crossing span failure showed that the galloping motions had caused 
burns of conductors that were on different circuits. The burns and damage positions were at close 
to the middle of the span. The damage locations were separated by 16 m horizontally and 13 m 
vertically. The diagonal distance between the damaged conductors was 21m.

For comparison the second crossing tower design has vertical phase separations of 14.5 m and 
horizontal separations of 19 and 22.3 m. That is a little greater than the first crossing, but still 
susceptible to the same type of damage from contact between phases during severe galloping.
Some form of galloping mitigation is required, the air flow spoilers on all three spans being the 
most suited, but interphase spacers can be an alternative, and using both airflow spoilers and 
interphase spacers together will give the most security.
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GALLOPING CONTROL SOLUTION

Based on this background, a combination of airflow spoilers and interphase spacers may be the 
best option for an add-on solution for the current problem span. There should be more than normal 
number of interphase spacers across the span. As a first estimate we can note that the application 
in Hydro Quebec shown in Figure 9 has 4 interphase spacers in a span of 450m. Pro rating this to 

the 1445 m span leads to a minimum of 13 interphase spacers per circuit. A suitable spacing will 
be an uneven spacing to avoid matching frequencies of oscillation between adjacent span between 
interphase spacers. Also, it must be noted that this will require some horizontal interphase spacers. 

A possible spacing plan using 15 spacers is shown in Figure 14.

Table 1 suggested dimensions for 13 interphase spacers in 1445 m span 

End to 
first 

interphase 
spacer

First to 
second 

interphase 
spacer

Second to
third 

interphase 
spacer

Third to 
fourth 

interphase 
spacer

Fourth to 
end or fifth 
interphase 

spacer

Fifth 
interphase 
spacer to 

end

between top and 
bottom near phase m

262.7 262.7 197.0 262.7 328.4 -

between top and 
bottom far phase m

197.0 262.7 197.0 262.7 197.0 262.7

between near and far 
bottom phases m

328.4 262.7 197.0 262.7 262.7 -

The spacing ratios are based on 1/25 of span length: between top and near bottom phase: 5:4:3: 4:6, 
between top and far bottom phase: 3:4:3: 4:3:4, and between bottom phases: 6:4:3: 4:5.

Figure 14 Schematic diagram of a possible arrangement of 13 interphase spacers on 1445 m span.

See Table 1 for dimensions
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Air flow spoiler coverage should be more than that of the first crossing to compensate for the lack 
of impact damping in the new conductor. 
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NEW SALVI DAMPING SCHEME

Salvi have offered another damping solution based on Stockbridge dampers, including some with 
low frequency capabilities, but this still falls short of damping conductor motions in the really low 
frequency range, such as occurs during galloping. It is presented for two scenarios: firstly, for 
aeolian vibration with a 10 m radial ice layer. For this Salvi recommends eight dampers at each 
end of the span, Figure , plus two low frequency dampers over arm rods and outboard of the array, 
centered at 29.5 m from the end clamps Figure . Secondly, for an ice layer of 15 mm of radial ice 
the same damping scheme would be supplemented by replicating the array of six dampers placed 
at mid span.

However, it is quite possible that even thicker ice layers can occur, and these will further increase 
the aeolian wind power, requiring more damping to control the dynamic stress to level lower than 
the endurance limit of the aluminum alloy conductor.

The concern about this is that the likelihood of galloping occurring is not considered. Past 
experience has not been good with the low frequency Stockbridge dampers. These rely on longer 
messenger cables to provide the lower frequency response, and those cable can be overstressed by 
the even lower frequency motions due to galloping. This has caused fatigue failure of the 
messenger wires.

Figure  15 Second Salvi damping arrangement eight type 429VZ dampers at each end and also at mid 
span for protection against aeolian vibration with up to 15 mm of ice  

Figure 16 Salvi low frequency 04R-38-A Stockbridge dampers to be added at the ends of the main 
span.
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Additionally, reviewing the state of the SALVI dampers during inspection in 2021, there appears 
to be a problem with clamping of the dampers. The dampers do not appear seriously impaired but 
have slipped on the conductor. Whether this is the effect of the clamps vibrating loose, or if the 
split nuts used to control the clamping force were not functioning properly, or there is an issue 
with the tolerances between the inner and outer threads of the clamp bolts, or some other problem, 
is not clear. But the new dampers need to have better control of the clamping forces.

The air flow spoilers suggested above, do add damping to the span. A combination of Stockbridge, 
or other aeolian vibration dampers, interphase spacer and air flow spoilers may prove able to 
control both aeolian and galloping motions to non-damaging levels. But even than frequent 
monitoring will be necessary to stay abreast of any damage that occurs. For this, installing video 
cameras to continuously record the motions of all conductors from both ends of the line is 
recommended.

Figure 17 Low frequency Stockbridge damper with messenger wires fatigued due to galloping.     
(Havard Engineering In. Archive)
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BACK SPAN CONCERNS

This discussion has focused only on the main span. Vibration of conductors such as experienced 
on this crossing is not limited to a single span. The motions are fed through the suspension clamps 
to the adjacent span that are in this case, the back spans. As a precaution those conductors, 
attachment hardware, and the dead-end structures at the ends, should be inspected for damage.

This employs

I hope that our discussion and the progress report was helpful for yesterday's meeting at NSPI.

You gave me several insights about the old Canso crossing in our discussions and I believe that its very 
good performance must be used to help improve that of the new crossing.

Can you send me the following items that we reviewed?

The photo(s) of the old crossing that show the airflow spoilers.

The cross section of the self damping conductor used in that crossing.

The drawing of the new low frequency damper offered in Salvi's new damping scheme.

Any other data on the new damper.

I found the new damping scheme offered by Salvi to be a step towards a more complete protection, but 
it falls short.

Salvi's new damping scheme is still limited in the range of frequencies that it will damp.
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I anticipate that it will suffer from damper failures over the coming winter and further damage to the 
conductors, hardware and towers can be expected.

Have they done any fatigue tests of the low frequency damper?

I doubt that they will survive any galloping over the coming winter.

I would encourage you to look at applying airflow spoilers, similar to those on the old crossing, in 
addition to Salvi's dampers, before the winter closes in.

Strakes used on tall chimneys have a well stablished record of effectiveness for control of that particular 
type of wind driven motion.

I have participated in application of that approach to solve a problem with transmission line steel poles 
that were oscillating severely to the point of fatigue failure.

The strakes are similar to airflow spoilers and details of the spoiler installation would be most helpful. 

Further to our discussion on Friday, I have located a paper that describes the background studies for the 
application of airflow spoilers to the first Canso strait crossing conductor. 

"Experience at the Strait of Canso Crossing in Nova Scotia", by Robert Whapham, presentation to the 
CIGRE Task Force on Galloping, 1987

The paper includes an assessment of the weather at the crossing as well as wind tunnel modelling of the 
large conductor with the spoilers attached. Initially the conductor underwent large motions, likely 
galloping motions, showing that the self damping effect alone was not sufficient to suppress the 

motions.

It is quite possible that NSPI already has this paper, and the other paper included in the references (one 
that I do not have) "Design and installation of 345 kV Canso Crossing" by B.A. Mudge, Presented to 

Canadian Electrical Association, 1984. 

As the conductor on that crossing is a self damping construction it should have been more stable in 
crosswinds than the current conductor, but even then the motions were of concern. So if air flow 
spoilers are considered for this one, they should be enhanced over the previous application. By 

enhanced I have in mind placing them in sets of three in parallel to provide the equivalent air flow 
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modification that is achieved in vertical chimneys by strakes. That concept would almost certainly need 
to be done in cooperation with PLP who make them and involve some wind tunnel evaluation.

On a second issue, a colleague in Norway has sent me the data on the line monitoring system that they 
have used for galloping assessments.

Please let me know if you are interested in these Items and I will send them in electronic form.

As well as the drawing of the cross section of the self damping conductor used, and the recent photo 
showing the spoilers, if NSPI has other information on the first crossing that appears to be relevant 

please send it along.

Notes from Whapham paper of 1987

Construction completed Sept 1983

1445m span

230 kV 345 kV one circuit of each

SD Conductor has smooth trapezoidal out strands, high steength, 43mm diaeter 40% 

rts@15C

Two layer SDC

100 spoilers per phase 3/4 inch ddiameter, 

Channeled winds between 150 m high cliffs

Vertical and horizontal motions

Galloping or drag droop effect

Port Hastings winter weather with days of freezing temperature, rainans snow 50 days of  

precipitation
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60% Higher wind at Port Hastings than at EDDY point

Flashovers  -SDC did not control motions alone,

Wind tunnel study inconclusive

Dec 1984-May 1985

CONCLUSIONS

7. SHORT TERM RECOMMENDATIONS

Review status of back spans Add damping if damage is found

Repair known damage to conductor with reinforcing layer

Locate and install dampers for use over arm rods

Inspect tower arm members for signs of cracking

Tighten all loose tower bolts

Design interphase spacer installation

Arrange purchase of interphase spacers

Set up video monitoring from both towers

Establish regular patrols to monitor and report any changes of towers, conductor 

hardware, insulators etc.

Inspect back span towers for degradation

Obtain air flow spoilers 

8. INTERMEDIATE TERM RECOMMENDATIONS

Get help from ZTTcable or Statnett to design alternative long term damping schemes 

for main span
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Consider damping needs of back spans

Test alternative long term damping scheme(s) in laboratory

Procure better suspension clamps

Design and test damping to tower members if cracking is seen

Based reports from line patrols develop plans to make appropriate repairs

Test use of multiple air flow spoilers in parallel.

9. LONG TERM RECOMMENDATIONS

Install long term damping scheme if tests are successful

anticipate and repair further damage from 2021 install interphase spacers

Change suspension clamps to better supports, maybe AGS or long saddle clamps.

10. REALLY LONG TERM CONSIDERATIONS (IF ALL ELSE FAILS)

Replace conductor with twin or triple bundle with smaller subconductors

Replace conductor with self-damping conductor 

Install connections for a snow and ice melting loop using both crossings, or two circuits

Replace with under-sea cable
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APPENDIX

Fundamental information about aeolian vibration of the long span.

This is a large conductor, (48.9 mm diameter) but if it is operated at 345 kV corona and radio 
interference can be expected. Typical lines for this voltage use bundle conductors to limit these 
effects. 

To assess the damping scheme installed, we need to understand the range of frequencies for which 
it must provide protection. Aeolian vibration is caused by relatively laminar, or smooth, winds in 
the range of 1 to 7 m/s, (3.6 to 25 km/hr). The Strouhal relation describes the frequency of shedding 
of vortices for the conductor based on wind speed and diameter. These vortices are the source of 
the vertical aeolian vibration of the conductor 

The frequency of vortex shedding is governed by the Strouhal relationship:

Where:

= vortex shedding frequency (Hz)

= Strouhal number (0.185 for rough cylinders)

= wind velocity (m/s)

= conductor diameter (m)

The frequency range of aeolian vibration for this conductor is then between 3.8 and 26.5 Hz. The 
1445 m span will be oscillating with a series of similar loops across its length. With 1 m/s wind 
there will be 51 loops each 28.3 m in length and with 7 m/s wind there will be 357 loops each 4 m 
in length.

When there is ice on the conductor the diameter becomes larger, and the aeolian vibration 
frequencies are shifted downwards. Also, the wind energy transfer and consequently amplitude of 
motion is increased. The table below gives the aeolian vibration parameters corresponding to the 
expected amounts of ice on the conductor.

1445 m CANSO CROSSING SPAN AEOLIAN VIBRATION PROPERTIES

Radial Ice      
mm

Wind speed    
m/s

Vibration 
frequency Hz

Loop length     
m

No. of loops

0 1 3.8 28.3 51

0 7 26.5 4.0 357

5 1 3.1 34.1 42

5 7 22.0 4.87 297

10 1 2.7 39.9 36.2
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10 7 18.8 5.70 254

15 1 2.3 45.7 31.6

15 7 16.4 6.52 221

20 1 2.1 51.4 28.1

20 7 14.6 7.35 197

Also increasing the diameter by adding ice magnifies the energy transferred from the wind to the 
conductor by the aeolian vibration, approximately as the fourth power of diameter. Thus, a 
damping scheme adequate for the uniced conductor is inadequate for the same conductor with a 
build-up of ice. 

Alternative damping methods to conventional Stockbridge type dampers is required for such spans.
dampers used for along fiord crossing in Norway is included 

Loop dampers are 
attached to the conductor at positions in the span that are in motion and knowledge of the loop 
lengths for different wind speeds and ice thicknesses given in the table are needed for their design.
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APPENDIX 1 DOCUMENT LIST

DOCUMENT FILE NAME 
AND DATE

DOCUMENT TITLE AND 
AUTHOR

SUMMARY OF CONTENTS

OVERALL DESIGN

H349324-001-95-122-0001 
Design Bases.PDF

2016-02-12

Design Basis Document
345 kV Overhead 
Transmission Line

Hatch

Criteria for materials, 
Electrical capability, 
Conductor tension, Tower 
loads clearances

Details of three main and back 
spans conductors

Client approval block is not 
completed.

CLIMATE DATA

20200820 Phase 2_
Phase2_Technical_report
canso_final.pdf

August 2020

Nova Scotia Power Inc.: 
Physical climate risk analysis -
Phase 2 Technical Report

Acclimatise, Oxford, U.K.

Broadly targeted study of 
climate risks for NSPI Assets. 
Focuses on long term changes 
due to global warming

100 critical sites on lines, 
substations and power stations. 
Includes two sites near the 
Canso crossing. Freezing rain 
projection not well 
discriminated as it is 
convoluted with snow amount. 

Appears to provide a 
methodology for general use 
by NSPI.

Not useful for the current 
problem
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Climate management system 
(data files?)

Inaccessible format

CONDUCTOR TESTS AND REPORTS FROM SALVI, DERVAUX and ZTT

H349324-0000-70-236-
0001_A_V1.pdf

2016

Conductor Testing at ZTT
Nantong Test Centre

Hatch Report

Structure of conductor,

Tests of individual steel wires 
(diameter, strength, elongation 
@1% strain, wrap test, coating 
adherence, mass of zinc)

Tests of aluminum alloy wires, 
diameter, tensile strength, 
elongation, resistivity)

Test of complete conductor 
(condition, diameter, mass, lay 
ratio, breaking load, dc 
resistance)

Stress-strain test

Full conductor creep test (at 
Shanghai electric cable 
research institute) 

Photos of test set ups

Procedures for testing per 
ASTM standards

Initial set ups and partial tests, 
witnessed by Hatch Engineer,

Data to follow.

Could not find this data.
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Conductor considered to be in 
general compliance

H349324-RV-00007-
CA01PDFCover.pdf

2016-05-04

Conductor Testing - Hatch 
Observations - Issued for 
Client Review

Hatch

Request for client approval to 
proceed.

Steel wires all exceed design 
diameter (4.903-4.925mm 
compared to 3.89mm. All 
aluminum alloy wires are 
below design diameter (3.14 to 
3.16mm compared to 3.26mm.

Chemical position analysis 
Al Ingot.compressed.pdf

2016

Title in Chinese
Typo should be 

ZTT 

Table of alloying element 
additions from eight samples

Completed Production Test.pdf

2016

Title in Chinese

ZTT

Tests of individual steel and 
aluminum alloy wires

Found compliant by Hatch

On-going Production Test.pdf

2016-12-02 to 2016-12-14

Title in Chinese

ZTT

Tests of individual steel and 
aluminum alloy wires

Found compliant by Hatch

Steel core Incoming 
test.compressed.pdf

2016-12-16

Title in Chinese

ZTT

Tests of individual steel wires 
as received.

VIBRATION ANALYSIS by ZTT
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About Canso Crossing 
200170203.docx

2016

Some questions and concerns 
about 

345 kV overhead transmission 
line Strait of Canso crossing

ZTT (Jiangsu Zhongtian 
Technology Co., Ltd)

Check of fittings and damper 
design by Salvi from ZTT. 
String fittings comparable to 
ZTT practice but tension 
clamp and damping scheme 
are different.

The damping scheme with 6 
SALVI dampers per end has 
long term risks, especially with 
ice present. ZTT offers an 
alternative damping scheme 
with dampers plus damping 
wire loops.

The report cites a previous 
failure of a Yangtse river 
crossing with Salvi designed 
damping scheme.

Report also questions the 
design of the tension clamp 
and suggests testing before 
use.

This report is prescient in 
anticipating both the failure at 
a dead end and conductor 
damage related to inadequacy 
of the damping scheme. 

ZTT have provided a small-
scale diagram of an alternative 
damping scheme including 
both dampers and loops of 
cable. 

This seems to be very 
worthwhile to follow up to 
determine if this is actually 
applicable for this crossing. 
This company may have 
experience of similar crossings 
and could help in developing a 
suitable damping scheme.

The experience of the first  
Canso Strait crossing is also of 
value to compare designs and 
possible reasons for the 
different reliability.

Annex 1 Fatigue limits of 

materials.docx

Unknown Table of fatigue endurance 
limits for common metals 

Appears to be part of another 
document (ZTT?)
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including varieties of 
aluminum and alloys

Shows aluminum alloy to be 
similar to normal aluminum in 
fatigue endurance.

Annex 2 AACSR-900-510-
with damper and armour 
rods.pdf

1/24/2017

Tecnosoft III file Plot and data table for strain 
and amplitude at damper and 
suspension clamp -
computation with six dampers 
per end

Predictions at frequencies from 
8 to 60 Hz:

at suspension clamp >500µe

at damper clamps=355 µe

at antinodes = 25mm

at damper clamps=25 mm

This could be the analysis by 
ZTT

The software does not predict 
for frequencies below 8 Hz.

Ice thickness is not accounted 
for.

Annex 2 Single conductor 
without dampers.pdf

1/22/2017

Tecnosoft III file Shows strains above 1500 
microstrain, and amplitude at 
clamps above 40mm

This could be the analysis by 
ZTT

Results correspond with 
expectation that dampers are 
needed.

PHOTOS
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2019 Inspection

2019-11-05

NSPI 10 selected photos of 
suspension tower heads 
showing damper positions

Both supporting towers 
photographed from a drone

At least one damper has 
slipped towards the middle of 
the long span

Photo numbering suggests 
there were over 100 more 
photos

2021 Inspection

2021-09-14

NSPI 36 selected photos Show extensive out layer 
damage to the conductor, many 
displaced dampers, damper 
rotated around conductor, 
birdcaging next to damper 
clamps, damper clamp 
opening, possible misplaced 
corona ring at bottom of 
insulator string,

DAMPER DESIGN AND ANALYSIS (SALVI)

4M529VZ0952X_revA_Off16
074.pdf

28-04-22016

Drawing No. 4M529VZ0952X

SALVI

Stockbridge damper for 
conductor diameter 42 to 
52mm

(Conductor diameter: 48.9mm)

Drawing shows both a split nut 
and torque requirement of 40 
Nm for tightening the clamp 
bolt. 
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Need to know which procedure 
was used by the installers.

Canso-Strait 345kV project_

Damper effectiveness 
study_DS612-16.pdf

26/10/2016

Damper effectiveness 
evaluation analytical method

SALVI 

Annex 1 by Prof. G. Diana

Analysis of the span with six 
dampers per end, giving 
damper spacings.

Predicts effective between 2.5 
and 42 Hz.

Annex discusses effect of ice 
on the conductor as effectively 
increasing the diameter and 
lowering the frequencies of the 
aeolian vibration. 
Effectiveness declared for up 
to 10-mm radial ice but not 
more. Greater thickness 
magnifies the wind energy to 
be dissipated according to the 
4Th power of the effective 
diameter.

Warning is explicit that the 
damping scheme has a limited 
range especially when ice is on 
the conductor.

No mention of galloping due to 
wind and ice.

The analytical method used 
requires the energy absorption 
versus frequency characteristic
of the damper, but this is not 
included.

PV19_17 Self damping test on 
ZZT AACSR 900-510.pdf

22/05/2017

Self Damping Test AACSR 
900-510 ZZT

DERVAUX  S.A. 
requested by SALVI

Test of 51 m of conductor at 
20% rts in indoor test bench

Standard IEC 62567 \

Tests between 12.71 and 48.55 
Hz

This is an input to the 
ESANAM software used by 
SALVI for damping system 
design
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Includes ZTT conductor 
specification sheet with cross 
section

PV20_17 Damper Efficiency 
Test on AACSR 900-510.pdf

24/05/2017

Damper Efficiency Test -
4M529VZ0952X damper on 
AACSR 900-510 conductor

Dervaux SA Testing 
Laboratory

Report shows indoor test of 55 
m length of conductor with six 
dampers as recommended in 

accordance with IEC61897 
§7.11.3. Results indicate that the 
six-damper array at each end of a 
1442m span will provide the 
required damping for vibration 
frequencies between 12.8 and 
47.5 Hz.

conductor self-damping test 

conductor properties.

This test would normally be 
complemented by data on the 
energy absorption of a 
sampling (usually six) of 
individual dampers to shows 
the dispersion and adequacy of 
the damper characteristics.

The limited frequency range of 
the test means that the full 
range of wind and ice 
conditions of the line were not 
evaluated.

10.3 Installation Instruction 
Vibration Dampers.pdf

Jan 2009

Vibration damper for 
conductor & earthwire erection 
instructions
SALVI

Instruction for damper 
installation

Covered both split nut and use 
of torque wrench for tightening 
the clamp

Canso-Strait 345kV 
project_Damper effectiveness 
study_DS612-16.pdf

Damper effectiveness 
evaluation analytical method

Salvi

The discussion is around 
aeolian vibration only and does 
not cover galloping motions.
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26//10/2016 The consequences of lack of 
damping under thicker ice 
layers are implied but not 
spelled out.

The lowest frequency range of 
aeolian vibration under 10 mm 
ice is given as 2.8 Hz but 
normal Stockbridge dampers 
do not protect below about 5 
Hz. This damper characteristic 
would be an input to the 
program but is not shown.

Damper study Tensions 
C2BE2B & E2CE2B.xls

File not readable

Damper study Tensions 
C2BE2B & E2CE2B_WM.xls

File not readable

Datasheets damping study 
by? by?

Most input data (conductors, 
wind, ice, tower lighting, plan 
and profile) refers to other 
documents attached and 
supplied to SALVI
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DS-093-20rev0.pdf

23/11/2020

Damper effectiveness evaluation 
analytical method

SALVI

Aeolian vibration analysis for 
400 and 392 m span of ACSR 
Curlew conductor

Recommends two dampers per 
span end

Reference to control of 
subspan oscillation seems out 
of place for a single conductor.

Analysis predicts control from 
5 to 60 Hz. Actual aeolian 
vibration can be at lower 
frequencies where damping is 
not evaluated.

DS-093-20rev2.pdf

23/11/2020

Damper effectiveness evaluation 
analytical method

SALVI

Aeolian vibration analysis for 
400, 392 and 479 m span of 
ACSR Curlew conductor

As above for doc. DS-093-
20rev0.pdf

DESIGN
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HARDWARE DATA (SALVI)

180- rev0 Nova Scotia Canso 
type test.pdf

March 2017

Type test certificate 
No. 17/180 Rev. 0

Salvi Test Laboratory

Tests: visual examination, 
dimensions, materials, 
galvanizing, failure load, slip 
test, clamp bolt tightening test, 
breakaway bolt test, damper 
characteristics (by performed 
at Dervaux).

Items tested: insulator fittings, 
suspension clamp, tension 
clamp, vibration dampers.

Tests on 3 samples of each 
according to IEC 
specifications.

Not completely satisfactory 
due to failure of dead-end 
tension clamp.

Test performed at LATIF 
according to report 
17LA00056

LATIF report 17LA00056 is 
missing

Dead end redesigned and 
passed test requirements 

Acceptance_test_certificate_20
17-181[1].pdf

April 2017

Acceptance_test_certificate_20
17-181[1] Rev. 0

SALVI 

Tests: visual examination, 
dimensions, materials, 
galvanizing, failure load, slip 
test, clamp bolt tightening test, 
breakaway bolt test, damper 

Witnessed by Tom 
Flewwelling over a three-day 
period.
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Witnessed by Tom 
Flewwelling

Tests on April 03-05, 2017

characteristics (by performed 
at Dervaux).

Items tested: insulator fittings, 
suspension clamp, tension 
clamp, vibration dampers.

180-1 rev0 Nova Scotia 
CANSO type test .pdf

March 30, 2017

NEW COMPRESSION DEAD 
END TYPE TEST 
CERTIFICATE 
No. 17/180-1 Rev. 0

DRAWING 508U21US-K 
rev. 0

A. Salvi & C. S.p.A.

Includes SALVI drawing of 
dead end 508U21IS-K

Test carried out at LATIF, 
independent third-party 
laboratory, as per enclosed 
report 17LA00098

Dead end strength test passed 
at 1132 kN (95% of conductor 
tension strength - 1168 kN)

Report 17LA00098 not found

This could be in response to 
the failure at a dead end 
experienced during stringing

CERT.N_2017-0546_-
_SALVI [1].pdf

24/03/2017

Testing certificate No. 
2017/0546
SALVI

Test report on double clevis 
and yoke plate

(Text in Italian)

Appear to verify both items

Doc16242620170612144749.p
df

10/10/2016

Compression dead end 
assembly for AACSR 900/510 
48.9 mm dia.                 
(48x4.89) + (61x3.26)

DRAWING 508U21US-K 
rev. 0

Drawing of compression dead 
end

Item tested at LATIF 180-1in 
document: rev0 Nova Scotia 
CANSO type test .pdf
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SALVI

LATIF Test 
certificate17LA00056.pdf

29/03/2017

Test report N 17LA00056

LATIF

Proof and failure test of dead 
end assembly for SALVI.

Drawing 508U21US-K

Passed

Test of the modified design of 
end fitting

LATIF Test 
certificate17LA00098.pdf

06/06/2017

Test report N 17LA00098

LATIF

Proof and failure test of dead-
end assembly for SALVI.

Drawing 508U21US-K

Passed

Repeat of above Production 
test?

Omeco_SPT0217-17.pdf

22/02/2017

Test report SPT/0217/17

OMECO

Charpy impact tests of string 
hardware at -20°C for SALVI

All parts exceeded 20-joule
requirement.

Politechnico_of_Milano_-
_English_translation_test_certi
ficate_2017-0546_(1)[1].pdf

24/03/2017

Test certificate N. 2017/0546 
issued in Milan on 05/04/2017

A. SALVI & C. S. p. A. -
MILANO

Tension tests of double clevis 
and Yoke.

Photos of test set ups.

Tests reaches specified loads, 
with some bolt deformation, no 
failures.

Static test satisfactory
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SALVI
drawings_accessories_rev1.pdf

Dates various 2012 to 2016

21 drawings 

SALVI

Drawings of connectors, 
shackles, clevises, suspension 
clamps, dead end, armor rods, 
angle support, link, yokes, and 
corona rings.

SALVI 
stringsdrawings_rev12pdf

Dates various 2014 to 2016

7 drawings 

SALVI

Drawings of quadruple tension 
set, double suspension set, 
jumper string, rigid spacer, 
vibration dampers, and 
compression repair sleeve, 

Sediver glass drawing_F400-
205DC.pdf

31/03/2016

One drawing Sediver ENG 
69764 
Sediver

Drawing of 90,000 lb glass 
insulator F400/205 Dc

TOWERS -  HATCH DOCUMENTS

H349324-0000-70-012-
0003_E_V4.pdf

Plan showing a proposed 345 
kV overhead wire crossing of 

Antigonish County to Port 
Hastings, Inverness County. 
N.S

Drawing of plan and elevation 
of the crossing span and inset 
map of surroundings.

H349324-00000-70-012-
0001_3_V6.pdf

345kV Transmission Line 
Strait of Canso crossing Plan 
and Profile

Plan view is a Google Earth 
photograph with drawing of 
the existing and new spans and 
towers superimposed.
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Elevation drawing shows 
towers and crossing span and 
back spans of single conductor 
AACSR and end spans of 
single conductor Beaumont 
ACSR.

H349324-00000-232-078-
0001_A_V1.pdf

20-10-2015

Design, Manufacture, Test and 
Supply of Steel Towers 
Technical Sections for RFP

Hatch

Codes and standards, Design 
requirements, Material 
Manufacturing, Inspection, 
Shipment, Delivery, Schedule, 
Drawings

18 pages

Refers to 7 drawings, not 
included

5 drawings design 
requirements for five tower 
types.

Drawing of anchor layout.
Drawing of aircraft warning 
lighting and markers.

H349324-00000-.260-078-
0003_A_V1.pdf

20-10-2015

Insulator and Hardware 
Specification 
345 kV Canso Strait Crossing 
Design, Manufacture, Test and 
Supply of Insulator and 
Hardware

Hatch

Specifications and standards, 
Insulators assemblies, 
hardware and accessories, 
energized maintenance, 
supply, manufacturing quality 
assurance tests: type, routine, 
acceptance, shipping delivery.

10 pages

Conductor type is trapezoidal 
stranding.

Design loads 
part of this document. 

Note type test reports required 
unless available.
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H349324-00000-30-035-
0001_2_V6.pdf

2017-02-20

345 kV Transmission line 
Strait of Canso crossing rock 
anchor details

Hatch

Drawing

H349324-00000-35-197-0001-
001.pdf

2015-09-09

345 kV transmission line
Strait of Canso crossing
Design requirement drawing
Tower Type 3S2

Hatch

Drawing of 171 m suspension 
tower with design loadings

60 mm of ice, 125 km/hr wind

H349324-00000-35-197-0002-
001.pdf
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DRAFT
INTERIM REPORT ON MAY 16, 2024, DRONE-BASED SURVEY 

OF NOVA SCOTIA POWER L7005 345 kV CANSO STRAIT CROSSING
by 

David G. Havard Ph.D., P.Eng.
President, Havard Engineering Inc.

3142 Lindenlea Drive
Mississauga, Ontario, Canada, L5C 2C2

EXECUTIVE SUMMARY

An earlier report gave a detailed description of the Strait of Canso crossing, the 

technical problems and damage due to vibration and galloping and included 

suggestions for remedial action. [1] 1 In the intervening year, damage to the conductor 

was mainly repaired. Control devices for aeolian vibration and galloping motions were 

procured and some, but not all of them, were installed.

A drone-based fly-by using video recording to inspect the back spans and the 

conductors next to the suspension towers, was carried out on February 1 and 2, 2024, 

but unfortunately the images were too blurred for useful interpretation.

Some sections of the crossing spans were inspected a second time by a drone-based 

survey, this time using high resolution still photos, on May 16, 2024. The photographs 

1

.
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included details of the six conductor phases, including repairs and dampers. Both 

suspension towers and the dead-end structures were photographed. These photographs 

were of the back spans on the Nova Scotia mainland and on Cape Breton Island and 

the damper arrays close to the two suspension towers. The survey did not include the 

more remote sections of the main span. This report is a review of those photographs 

emphasizing the signs of damage. The photographs do not suggest that bolts on the 

hardware and tower members have loosened but they will need to be checked in a 

climbing inspection. 

The damage observed was minor compared to previous winters. It appears to be mostly 

some residual damage that was not included in the repairs carried out during 2023, but 

there is apparently no significant new damage on the crossing. Repairs of that minor 

damage and early installation of the vibration and galloping controls on all six phases 

are recommended.

David G. Havard, Ph.D., P.Eng.,
President, Havard Engineering Inc.

June 2024
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1. Introduction

An earlier report gave a detailed description of the Strait of Canso crossing, the technical problems 

and damage due to vibration and galloping and included suggestions for remedial action [1]. In 

the intervening year, damage to the conductor was mainly repaired. Control devices for aeolian 

vibration and galloping motions were procured but they were not installed. 

As the crossing conductors were not completely protected from aeolian and galloping 

motions, and the resulting dynamic stresses over the 2023-2024 winter, an inspection was 

implemented. Initially this was a drone-based fly-by taking videos to inspect mainly the back 

spans. This was carried out on February 1 and 2, 2024, but unfortunately the images were 

too blurred for useful interpretation.

A subsequent drone-based inspection comprised high resolution still photographs of some sections 

of the crossing spans and took place on May 16, 2024. The weather that day was clear, but the 

photos did show snow falling some of the time, and the ground was snow covered. 

The photographs included:

The six conductor phases including repairs to the conductors where the old damper clamps 

had badly worn the outer layer of wires

All remaining Salvi dampers

dampers including one with a fractured arm

Both suspension towers 

Both dead-end structures

Insulator strings

String hardware.

These photographs were of the back spans on the Nova Scotia mainland and on Cape Breton Island, 

but did not include the main span, except the damper arrays close to the two suspension towers. 

This report is a review of those photographs emphasizing the signs of damage. The photographs 

do not suggest that bolts on the hardware and tower members have loosened but they will need to 

be checked in a climbing inspection. 

The damage observed was minor compared to previous winters. There is some residual damage 

that was not included in the repairs carried out during 2023, but apparently no significant new 
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damage on the crossing. This report is focused on the signs of damage needing further checking, 

and possible repairs. Most photos showed no damage and those are not specifically commented on 

in this report. 

Repair of the minor conductor damage and early installation of the vibration and galloping controls 

on all six phases are recommended.
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2. Video inspection February 1 and 2, 2024

(The following comments were made after review of the drone-based videos)

Viewing conditions at the time were far from optimum. Snow was falling on the second day and 
the conductor was out of focus. The most useful video was of the long span (3A-4A). That span is 
the most exposed to the various effects of wind including swing out and vibration. The video 
suggests the presence of surface markings that may be the result of impacts between conductors.
But the conductor surface is blurred, and important details cannot be identified.

It was recommended to carry out another drone pass across the main span of the other conductors 
with better control of the focus. Complementary still photos of the conductor with a telescopic lens 
would help clarify the details of the surface of the conductor. A file of comments on the videos is 
attached in Appendix A.

There are three spans in the Canso crossing and six phases in each span. Viewing from both sides 
of each conductor to see the damage, if any, by a similar technique as in these videos, would 
require 36 videos. The most important span is the middle span where damage has occurred 
previously. No damage had been reported on the two back spans. Thus, of the ten videos only two 
are from the span of greatest interest. And those two, on span A3-A4, are practically impossible to 
interpret because of the poor visibility when the videos were created, and the out of focus 
photography. The other eight videos, while limited in the details of conductor and dampers that 
can be discerned, show no signs of damage on the A4-A5 back span.

If the drone had been made to hover and still photos had been taken, and properly focused, some 
useful record of the conductor conditions would have been created. The drone travelled across 
the ~1400 m main span in 16 minutes. As it zipped past the conductor the blurred images did 
suggest that there were differences in reflectivity of the surface, maybe the results of impacts 
between conductors. Frame by frame examination of the video did not reveal further details of the 
shiny sections. Some sections showed individual strands sitting proud of the conductor 
profile. No projecting strands indicative of strand breaks could be seen. 

This warrants a return to the crossing in clear weather with more specific instructions for the drone 
operating team. An NSPI engineer/inspector should accompany them and observe the images as 
they are received to guide the inspection. They should take a series of high magnification still 
photos of the six conductors, from both sides. Perhaps these should be spaced every 50 m, so that
they show clear photos of the conductor surfaces from both sides. Locations with the most signs 
of impact should be recorded in greater detail. The photos need to be fully labelled to record their 
locations, conductor phase and circuit and which direction of view. If damage is found and likely 
due to clashing between conductors, that needs to be paired with the corresponding locations on 
the next conductor. 
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3. Photos of Cape Breton Island 

back span: May 26 2024

Figure 1 shows a general view of the dead-

end structure at the north end of the back 

span on Cape Breton Island. The 

collection of photos shows many details of 

the structure and includes nuts and bolts 

all of which appear secure. But a close-up 

climbing inspection would be required to 

establish more definitively that no nuts are 

coming loose. The ends of the conductor 

in this section are protected by the original 

array of six Salvi dampers.

Figure 2 shows the view looking south along the 

length of the back span on Cape Breton Island and 

includes the new and old structures at the edge of the 

Canso Strait, on the upper left and right respectively. 

The terrain on each side of this span can be seen to 

be forested and provides shelter from the cross-

winds, reducing the effects of aeolian vibration and 

galloping on this span. 

Many damper locations on the back span include 

impressions of previous damper clamps on the 

nearby conductor surfaces.  Figure 3 shows an 

example of two of these impressions. It is not clear 

whether these are from adjustments made to the 

damper positions during the original installation or 

are the results of some slippage of the Salvi damper 

clamps. The photos were not well labelled and 

consequently it is unclear which dampers, which 

phase, and which of the two circuits are shown in 

Figure 2 View along back span on Cape 
Breton Island from the drone. Structures 
supporting the new (left) and old (right) 

spans across the Canso Strait are shown in 
the far distance. Detail from Photo No. 

DJI_20240116015020_0011_Z.jpg

Figure 1 Dead end structure on Cape Breton Island 
from the drone. From photo No. 

DJI_20240116014927_0004_Z.jpg
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Figure 3. All similar damper clamps 

need to be checked to ensure that they 

are firmly attached to the conductors. 

Figure 3 Salvi dampers on the back span on Cape 
Breton Island showing impressions of previous 

damper clamp positions, or possible slippage. Detail 
from Photo No. DJI_20240118000143_0026_Z.jpg
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4. Photos around the Suspension Structure on Cape Breton Island : May 26 2024

The photographs from the 
345 kV power line crossing the Canso strait, around the 
suspension tower on Cape Breton Island are captured in 

- The photo in Figure 4 provides a general 
view of the situation showing the Canso Strait looking 
toward the west. The conductors crossing this strait are 
exposed to uninterrupted winds and subject to severe 
stresses from aeolian vibration, and from galloping 
when ice or wet snow is present if appropriate damping 
and galloping controls are not in place. The conductors 
near this structure have undergone many repairs from 
damage from these effects that were not controlled in 
the initial design of the crossing.

The drone-based inspection provides a valuable record 
of the conditions of the conductors and dampers 
adjacent to the tower. It also documents the conditions 
of the tower hardware and insulators. Figure 5 shows a 

closer view of the suspension tower, 
looking east along the Strait, including one 
of the insulator strings as well as the 
conductors and dampers. The bottom 
phase includes the PLP damper that was 
fractured during the previous winter and 
remained in place.   No damage was 
visible on the insulators, and all nuts, cotter 
pins etc., seem to be in place. But the 
photographs are not a substitute for a 
proper climbing inspection and if 
necessary, retightening of all bolts.

During the 2022-2023 winter considerable 
damage occurred on the span across the strait next to this tower, including many examples of Salvi 

Figure 4 General view looking west 
along the Canso Strait including the 
suspension structure on Cape Breton 

Island. Detail from Photo No. 
DJI_20240117231058_0029_w.jpg.

Figure 5 View of suspension structure on Cape 
Breton Island looking east, showing 

undamaged suspension insulator string and 
dampers on conductors, including the failed 

PLP damper on bottom conductor of the west 
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damper clamps becoming loose and 
causing wear and breakage if the outer 
layer of strands of the conductor, and the 
fracture of the arm one of the PLP 
dampers2. Figure 6 includes the section of 
the bottom conductor of the west circuit 
that has been repaired using preformed 
rods between the suspension clamps and 
the damper array.

Figures 7 and 8 show the images of the 
slipped Salvi damper and the PLP damper 
with the fractured arm. These were 
damaged during the previous winter and 
the damage does not appear to have been 
worsened over the last winter. The damage 
to the conductor from the Salvi clamp will 
need to be repaired before additional 
vibration and galloping controls are 
installed.

2 This damage is described in the early report [1]

Figure 6 Closer view of bottom phases on 
crossing side of the suspension structure on 
Cape Breton Island looking west along the 
strait. Photo includes the slipped Salvi and 
broken PLP dampers. Repair sleeves can be 
seen between the array of dampers and the 
suspension clamp. Detail from photo No. 

DJI_20240117231347_0033_Z.jpg

Figure 7 Loose Salvi damper clamp and 
conductor damage. Bottom phase, west circuit, 
near suspension tower on Cape Breton Island. 

Detail from Photo No. 
DJI_20240117232412_0059_Z.jpg  
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The photographs do not suggest that conductor damage has occurred under the PLP damper clamp, 
but visual inspections of this, and all other similar clamp locations that will be changed, are
recommended.

Figure 8 Clamp from broken PLP damper. 
Bottom phase, west circuit, near suspension 
tower on Cape Breton Island.  Detail from 

Photo No. 
DJI_20240116023210_0199_Z.jpg
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5. Photos around the Suspension Structure on the Nova Scotia Mainland: May 26 2024

Figure 9 shows the suspension structure on 
the mainland side of the Canso strait looking 
east, and Figure 10 shows the same tower 
looking west. All conductors are protected 
against aeolian vibration by the arrays of 
Salvi and PLP dampers similar to those 
shown on the four phases visible in the 
photograph. The conductors on this end of 
the main span did not suffer the same 
amount of damage as on the Cape Breton 
Island end. Figure 11 shows one of the Salvi 
dampers and marks on the conductor, from 
a damper s previous location. One of the sets 
of three PLP dampers used on each 
conductor is shown in Figure 12.

But the conductors in the main span close to 
the suspension tower on the Nova Scotia 
mainland show a number of repairs from

Also,
some unrepaired minor damage on the 
middle phase west circuit was identified 
from the drone-based photographs as 
presented below. Figure 13 shows a location 
where the damper clamp has made a more 
serious impression in the outer layer that 
would possibly need to be protected by a 
layer of armor rods. Similarly Figure 14 
shows a location where an outer layer strand 
is projecting beyond the normal diameter of 
the conductor. These two examples were 
found on the middle phase, west circuit.

Figure 10 Suspension structure on Nova Scotia 
Mainland looking west along the Canso Strait.

Detail from Photo No. 
DJI_20240116033733_0148_w.jpg

Figure 9 Suspension structure on Nova Scotia 
Mainland looking east along the Canso Strait. 

Detail from Photo No. 
DJI_20240116032428_0047_w.jpg
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6. Photos of the Back Span on the Nova Scotia Mainland: May 26 2024
The back span on the mainland side of 
the Canso Strait crossing has a similar 
exposure to aeolian vibration and 
galloping as that on the Cape Breton 
Island side. Figures 15 and 16 show the 
two ends of this span, and they show that 
the terrain is covered with trees, and 
consequently winds impacting the 
conductors will be turbulent and less 
likely to lead to either of these modes of 
vibration. The drone-based survey did 
not reveal damage that is likely to be due 
to such motions. Details of the dead-end 
insulator strings are shown in Figures 17 
and 18, and no damage is visible in the 
photographs of this or any other strings 
supporting the crossing. There are few 
locations where there are clamp 
impressions on the outer surface of the 
conductor. Figures 19 and 20 show 
samples of these impressions. These 
may indicate the damper has been 
removed and the clamp retightened, 
possibly as part of an inspection 
program. Thee is a remote possibility 
that such impressions could be due to 
slippage consequent to severe vibration.

Figure 15 View of the back span looking north 
towards the suspension structures on the Nova 

Scotia Mainland. Detail from Photo No. 
DJI_20240116031218_0001_w.jpg

Figure 16 View looking south showing dead end 
structures on the back span on the Nova Scotia 

Mainland. Detail from Photo No. 
DJI_20240116031338_0010_w.jpg
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Figure 17 Ground end of insulators on the 
dead-end structure on the back span on the 
Nova Scotia Mainland. Detail from Photo 
No. DJI_20240116031651_0028_Z.jpg

Figure 18 High voltage end of insulators 
on the dead-end structure on the back span 
on the Nova Scotia Mainland Detail from 

Photo No. 
DJI_20240116031655_0029_Z.jpg

Figure 19 Conductor impressions where 
previous Salvi damper clamps were located,
or clamp slippage had occurred on the back 
span on the Nova Scotia Mainland. Detail 

from Photo No. 
DJI_20240118000131_0025_Z.jpg

  

Figure 20 Conductor impressions where 
Salvi damper clamps were located or 

clamp slippage had occurred on the back 
span on the Nova Scotia Mainland Detail 

from Photo No. 
DJI_20240116031756_0035_Z.jpg
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7. Main span over the Canso strait

A serious omission in the recent drone-based survey is recording of the condition of the main span 
across the Strait beyond the immediate vicinity of the towers. It should be noted that in the earlier, 
tower-based inspection in May 2022, one photograph looking toward the center of the strait 
showed a Salvi damper that had loosened and slipped towards the middle of the span3 That figure 
is reproduced here as Figure 21. That damper type is associated with many occurrences of damage 
to the outer layer of the conductors near the span ends. That loose damper may have damaged the 
in-span region where it was located.

Any similar events or remote damage to the conductors need to be known and corrective actions 
planned accordingly, before the major installation of the necessary vibration and galloping 
controls. It should be recognized that serious 
damage can occur from conductor galloping, 
and that the older crossing of this strait 
experienced a well-documented galloping 
event that caused extensive damage to the 
outer layers of two of the conductors [2]. 
After some wind tunnel investigations, air 
flow spoilers were installed, and no further 
galloping events have been recorded. 
Galloping events can cause motions that can 
bring adjacent phases into contact, 
especially vertically aligned phases. The 
resulting flashovers can cause major service 
interruptions and so would be clearly 
indicated in the operating records of the 
circuits.

3 Figure 3 of [1]

Figure 21 Damper slipped to mid span West 
circuit, middle phase, from climbing inspection 
in May 2022. (Figure 3 of August 2023 report)
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8. Conclusions

The line has survived the past winter with far less damage than in previous winters.

The photos show a few surface marks where dampers had been installed.

There is some minor conductor damage from previous damper clamps.

Damage from the past few winters is greater at the Cape Breton Island end of the main 

span.

Back spans are protected by the terrain from serious vibration and galloping damage.

The condition of the conductors across the main span remains unknown.
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9. Recommendations

The main span needs to be surveyed or photographed to determine whether there is a need 

for any repairs before the new vibration and galloping hardware is installed.

Any vibration recording, video cameras and weather monitoring should be at the Cape 

Breton end of the span.

Both suspension structures should be fully inspected for looseness of bolts.

The site should be visited regularly by an experienced lineman or engineer to check for 

tower noise indicating bolts becoming loose.

Any vibration monitoring should be performed on a bottom phase of L7005 and an upper 

phase of L8004 to be at comparable elevation.

Data from the weather station, vibration recorders and the video camera should be reviewed 

on an on-going basis.

Vibration and galloping controls recommended have been supplied and need to be installed 

before the winter of 2024.

Any future drone-based video or still photography of the line need to be fully planned and 

documented.

The drone inspections need to be carried out accompanied by an experienced lineman or 

engineer to review the results and guide the process in real time.

Photos and videos from drone inspections need to be labeled to show the conductor phase, 

side, distance along the span and direction of view. 
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Appendix A

Summary of Videos of Canso Crossing

VIDEO TITLE DATE DURATION 
OF VIDEO

SPAN
HEIGHT

CIRCUIT VIEW 
FROM

COMMENTS

DJI_20240202005423_0001_S.mp4 2024-
02-02

12 mins A4-A5 middle north south mainland side, back span, detail of stranding not 
visible, near conductor out of focus, air flow 
spoilers shown on old span conductors. Dampers 
on old and new conductors. No broken strands

DJI_20240202015153_0002_S.mp4 2024-
02-02

9 mins A4-A5 upper south north mainland side, back span, some strands 
prominent, indistinct against snow background, 
better against dark foliage, three PLP and five Salvi 
dampers in place, No broken strands

DJI_20240202015520_0001_S.mp4 2024-
02-02

9 mins A4-A5 upper south north mainland side, back span, some strands 
prominent, indistinct against snow background, 
better against dark foliage, three PLP and five Salvi 
dampers in place, No broken strands

DJI_20240202021557_0001_S.mp4 2024-
02-02

10 mins A4-A5 upper south south mainland side, back span, some strands 
prominent, indistinct against snow background, 
better against dark foliage, eight Salvi dampers in 
place at tension structure, three PLP and five Salvi 
dampers in place at suspension end, AFS on old 
span, No broken strands. 

DJI_20240202024241_0001_S.mp4 2024-
02-02

9 mins A4-A5 middle south north mainland side, back span, out of focus, some 
strands prominent, very indistinct against snow 
background, better against dark foliage, three PLP 
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and five Salvi dampers in place at suspension end, 
No broken strands.

DJI_20240202022554_0001_S.mp4 2024-
02-02

1 min A4-A5 lower south north mainland side, back span, out of focus, very dark, 
cannot see stranding.

DJI_20240202022738_0001_S.mp4 2024-
02-02

10 min A4-A5 lower south north CBI side, back span, out of focus, cannot see 
stranding, lot of jumping around, three PLP and five 
Salvi dampers in place at suspension end, 

DJI_20240202024252_0001_S.mp4 2024-
02-02

9 min A4-A5 middle north north CBI side, back span, out of focus, cannot see 
stranding, six Salvi dampers at dead end,three 
PLP and six Salvi dampers in place at suspension 
end, no broken strands visible

DJI_20240202233030_0001_S.mp4 2024-
02-02

16 minutes A3-A4 middle north north Main span, some wires proud of conductor profile, 
out of focus, cannot discern individual strands, No 
broken strands. 

DJI_20240203014442_0001_S.mp4 2024-
02-03

16 minutes A3-A4 bottom east east main span, visibility poor, due to snow storm, 
surface has mottled appearance, possible impact 
damage, includes view of broken PLP damper, No 
broken strands. 
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DISCLAIMER 

This document was prepared by AAB Engineering Inc for the sole and exclusive use of 
Nova Scotia Power. This document must not be used for any other purpose without prior 
written approval from AAB Engineering Inc.  

This document contains AAB Engineering Inc. opinion using its professional judgement 
and reasonable care based on the information available at the time of preparation.   

AAB Engineering Inc. does not accept any liability of any kind arising in any way out of any 
document, for 

purposes other than that for which the report was prepared. 
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PROJECT DESCRIPTION AND SCOPE  

 
The Canso Strait, located between high lands and near both the Atlantic Ocean and the Saint 
Lawrence River estuary, experiences severe weather conditions, including strong winds and winter 
storms. These conditions cause significant vibration and oscillation of power line conductors 
crossing the strait.  

The first power line, a 345 kV double circuit line designated L8004, was constructed in 1983 using 
self-damping conductors. In 1984, severe galloping led to conductor damage and flashovers. This 
issue was resolved by adding air flow spoilers to the conductors, which prevented further galloping 

 

This success established the older crossing as a reference point for modelling, future monitoring 
and comparison.  

 

Figure 1 Google Earth view of the Strait of Canso with the location of the L7005 345 kV crossing between the 
Nova Scotia Mainland and Cape Breton Island. 
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A second 345 kV crossing, designated L7005, was built in 2017 to connect hydroelectric power 
from Labrador to Nova Scotia, necessitating high reliability. Despite being equipped with vibration 
dampers, this new line also suffered conductor damage. In 2021, recommendations were made 
to replace the existing dampers with more robust PLP-Helix dampers and to add air flow spoilers. 
These remedial actions, delayed until late 2022, were not fully implemented immediately due to 
manufacturing and delivery constraints. Interim measures included installing available Salvi 
vibration dampers. This situation highlights the ongoing challenge of managing wind-induced 
vibrations in the strait to ensure the reliability of power transmission. 

AAB Engineering have undertaken the task to model the air flow spoilers and Dampers on the 
Suspension Canso strait 1445m long crossing span on L7005 transmission Line to understand the 
affects of placing additional weight in terms of Airflow Spoilers and New dampers. 

This technical memo lays out assumptions, exclusions, results and recommendations based on 
PLS CADD Modelling of Airflow spoilers & new dampers and study of existing information from 
original design by Hatch. 

DESIGN CRITERIA & MODEL 

As built PLS CADD model was provided by NS Power Transmission Engineering team, this model is 
used to carry out the addition of AFS and Dampers to develop conceptual model representation 
effects of additional weight. 

No changes were made to the PLS-CADD models regarding the original design criteria.  

ASSUMPTIONS AND EXCLUSIONS 

 

1. The weight of the airflow spoilers was determined based on a 60mm Maximum Radial Ice 
load, consistent with the original crossing design. The weight of the dampers was sourced 
from the PLP specification sheet. 

2. PLS-CADD imposes a restriction of 60 on the maximum number of concentrated weights 
that can be applied to a single span. 

3. The number of airflow spoilers that can be accommodated on the 1445m suspension span 
was recalculated according to the layout data provided by PLP. These calculations are 
included in this memorandum for reference. 

4. PLP initially specified the installation of 95 airflow spoilers on the 1445m suspension 
crossing span. However, calculations based on the layout and distances provided by PLP 
indicate that only 91 airflow spoilers can be installed. This finding should be confirmed with 
PLP. 

5. To simulate the effect of installing 91 airflow spoilers, the total weight was distributed 
across 38 airflow spoilers modeled on the 1445m suspension span. 
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6. A total of 22 dampers were modeled on the 1445m suspension span, strategically 
distributed to best align with the layout provided by PLP.

7. The combined 38 airflow spoilers and 22 damper concentrated loads account for the 
maximum allowable 60 concentrated loads on this suspension span.

Notes:
Tower and foundation analyses or evaluations are not included within the scope of this 
study.
This study does not account for any assessment of conductor condition or potential 
deterioration.

RESULTS

A clearance comparison was conducted with and without the addition of airflow spoilers (AFS) 
and dampers. The resulting clearance, measured from the centerline after installing the AFS and 
dampers, is presented in the table below. The reduction in clearance due to the additional weight 
is estimated to be approximately 6.67 meters.

An inconsistency was observed between the clearance measurements obtained from the "As-
built" PLS-CADD model provided by NSPI, without the additional AFS weight, and the Original 
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Crossing permit drawing. It is recommended to consult with the Permit Specialist to determine 
whether the design drawing or an as-built design drawing was used to measure clearance in the 
Original Crossing permit drawing.
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RECOMMENDATIONS

It is recommended that a detailed analysis of the towers and foundations be conducted 
following the installation (if possible, prior to installation) of the airflow spoilers (AFS) and 
dampers, accounting for the additional weight these components introduce.

The original crossing permit drawing indicates that this crossing was designed for a maximum 
operating temperature of 80°C, which does not align with NSPI's standard practices. Further 
investigation by NSPI is necessary to fully understand the original design's thermal rating for the 
L7005 crossing span. This can create major revenue losses for NSPI. 

Airflow spoilers were previously installed on the adjacent L8004 crossing span, resulting in a 
significant improvement in performance under vibration and galloping conditions, with no 
adverse impact observed on the structural integrity of the towers. Similar positive outcomes can 
be reasonably expected following the installation of AFS and dampers on the L7005 crossing 
span.
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Inspection completed July, 2024

 

.

REDACTED CI C0044172 Attachment 1 Page 184 of 247
REDACTED (CONFIDENTIAL INFORMATION REMOVED)



Nova Scotia Power Inc.
L7005 Tower Inspections Canso Crossing

2 | P a g e

Contents
Scope..........................................................................................................................................3

Foundations ................................................................................................................................3

Block pattern cracking..............................................................................................................3

Torque and Assembled Steel ........................................................................................................5

Str 729A upper platform, middle section. ..................................................................................5

Str 730, SW foundation. ............................................................................................................7

Str 731, NE Foundation.............................................................................................................7

Str 732, SW Foundation ............................................................................................................8

Str 732A, upper platform, middle section ..................................................................................9

Hardware/Connections..............................................................................................................10

Conductor..............................................................................................................................10

Jumpers on str 729. ................................................................................................................10

Figure 1 - Str 730, NW foundation, cracking in square pattern ........................................................4
Figure 2 - Str 731, NE foundation, cracking in square pattern .........................................................5
Figure 3 - Str 729A bent piece of steel webbing..............................................................................6
Figure 4 - Str 729A bolt showing signs of rust .................................................................................6
Figure 5 - Str 730, bolts requiring retorquing behind door panel......................................................7
Figure 6 - Str 731, plate on NE leg that required retorquing.............................................................8
Figure 7 - Str 732 damaged piece of steel ......................................................................................9
Figure 8 - Str 732A upper platform, middle section ........................................................................9
Figure 9 - Str 731 conductor........................................................................................................10
Figure 10 - Str 729 jumpers .........................................................................................................11

 

.

REDACTED CI C0044172 Attachment 1 Page 185 of 247
REDACTED (CONFIDENTIAL INFORMATION REMOVED)



Nova Scotia Power Inc.
L7005 Tower Inspections Canso Crossing

3 | P a g e

Scope

Inspection of towers 729, 729A, 730, 731, 732 and 732A was completed during July 2024. The 
inspection followed the direction of document “Engineering Work Package – L7005 Inspection 
Document” which was supplied by NSPI.

The inspection was divided into two categories:

1. Visual inspection.
2. Climbing inspection.

The intent of the inspection was to identify any defects in the structures and assign a maintenance 
priority rating to the finding.

The following is a high-level summary of the findings. Detailed inspections sheets and pictures will 
also be provided to the client as a turnover package.

Foundations

All foundations showed signs of deterioration and/or cracking. Also, most foundations had slight 
separation of grout from concrete. But no serious deficiency was discovered. After saying this the 
foundations should be added to a maintenance program that would include, as a minimum,
sealing the foundation.

All foundations were revealed during the inspections. This consisted of hand excavating an 18-inch
hole alongside the foundation and doing a visual inspection of the surface. No issues identified at 
any location.

Block pattern cracking

The main issue identified during the inspections was that several foundations had cracking and 
concave patterns, which looked to be in the shape of the installed rebar. This pattern was more 
evident in certain foundations and most foundations did not show any pattern. This should not be a 
new issue and should have been identified previously.
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Figure 1 - Str 730, NW foundation, cracking in square pattern
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Figure 2 - Str 731, NE foundation, cracking in square pattern

Torque and Assembled Steel

As an average very few bolts moved during retorquing. Overall, no major issue was identified. Of the 
six towers inspected these are the minor issues identified.

Str 729A upper platform, middle section. 

One piece of webbing was bent. One of two main bolts that connect the main support assembly to 
the platform showed minor signs of rust.
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Str 730, SW foundation. 

A section of bolts on the SW corner of the leg, located behind the ladder assembly cover covering 
the access point, were not torqued. They were difficult to reach due to the ladder cover causing a 
obstruction. Approx. 20 7/8" bolts needed to be torqued. A section of bolts located on the NE 
corner of the leg also needed to be torqued. Approx 10 7/8" bolts.

Figure 5 - Str 730, bolts requiring retorquing behind door panel

Str 731, NE Foundation

The majority of nuts on one plate needed to be torqued. Plate located on angled steel support 
which points towards the SE corner of the str. Picture attached. Approx a third of the remaining 
bolts also moved. It should be noted that this foundation was also showing signs of the most wear.
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Hardware/Connections

Jumpers on str 729. 
The jumper section from the idler arm to the conductor on the west side of the str looks to be 
encroaching (estimated 3 ft) on the angled support assemblies that attach to upper platform to the 
SW, NW and Mid-West foundations. May have been caused by ice load that caused the jumper to 
sag. 
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Figure 10 - Str 729 jumpers

All remaining hardware and connection points were found to be in excellent condition. No issues 
identified during visual inspections.
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APPENDIX I  SYSTEM PLANNING INFORMATION 
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APPENDIX J  AIR FLOW SPOILERS PLACEMENT INFORMATION 
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*Note: All Distances and Span Lengths are Measured in Feet. Page 1 Revision Date: 7/30/2004
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APPENDIX K  DAMPER PLACEMENT CHARTS 
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PLP Canada Ltd 
1600, 46th Avenue 
Lachine, Qc
H8T 3J9 
Tel. : 514-828-0057 
Fax : 514-828-0070 

TECHNICAL NOTICE NT-230424-1 

VIBRATION DAMPER PLACEMENT 

NT-230424-1  Page 1 / 4 

Rev. Description Date 
(dd/mm/yy) 

1 Initial version 23/04/24 

2 Revised span lengths 2/08/24 

 
VIBRATION DAMPER PLACEMENT CHART  NOVA SCOTIA CANSO STRAIT CROSSING L7005 
Ref.: 360431 / PLP CANADA QUOTE 302778 

Scope 

This document presents the proposed vibration damper placement for the replacement of the existing damping system on the 
Canso crossing.  

NOTES: 

1. On spans with armour rods installed near the suspension clamp for conductor repair, the placement of the first 
damper with respect to the suspension clamp needs to be adjusted. If repair rods are installed near the suspension 
and prevent to install ALL vibration dampers according to this document, the position of the first damper needs to 
be measured from the end of the repair rods. In all cases, the spacing between vibration dampers needs to be 
according to this document. 
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APPENDIX L  L7005 TOWER ASSESSMENT REPORT (CIMA+) 
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APPENDIX M  VIBRATION MONITORING OPTIONS COMPARISON 
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