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Executive Summary 1 

Newfoundland and Labrador Hydro (“Hydro”) has experienced the failure of four, relatively new, 2 

General Electric (“GE”) DT1–245P F3 dead tank circuit breakers in over a one-year period. All four 3 

failures occurred at Bay d’Espoir (“BDE”) Terminal Station 1 (“BDETS1”). This report will outline a 4 

summary of each circuit breaker failure and the root cause, as well as the risk mitigation measures being 5 

taken by Hydro to prepare for a future circuit breaker failure, and provide recommendations for next 6 

steps. 7 

Since October 2018, Hydro has experienced four failures of 245 kV class GE dead tank circuit breakers at 8 

the BDETS1. The breakers for three of the four failures were shown to have quality issues from the 9 

factory. The root cause of the fourth failure, which occurred on November 17, 2019, is still unknown. 10 

This circuit breaker has been replaced and the faulted circuit breaker was sent back to the factory on 11 

December 13, 2019. A tear down investigation was completed on January 23, 2020, at the GE factory in 12 

Charleroi, Pennsylvania, which was witnessed by Hydro. A root cause had not been identified as of the 13 

filing date of this report. 14 

After the third failure on August 24, 2019, of B3T6 at BDE, a focus group was formed between GE and 15 

Hydro to help further understand the failures and look at risk mitigation for Hydro going into winter 16 

2019–2020 and beyond. Through this focus group a transient study was recommended and completed, 17 

which identified the potential for high voltage (~800 kV) and high frequency (0.7 MHz) transients to 18 

occur when the 245 kV unit disconnect switch is operated. As a result of this, effective December 20, 19 

2019, Hydro implemented open circuit breaker flash over protection on the unit circuit breakers for 20 

Units 1 to 6 at BDETS1 and changed its operating philosophy when bringing units on and offline to keep 21 

the unit disconnect switch closed. This action will help to minimize the risk of a potential circuit breaker 22 

failure due to a transient being the failure trigger. 23 

To ensure Hydro can respond quickly in the event of another failure this winter, Hydro has placed two 24 

spare circuit breakers at BDETS1. GE has also provided a spreader beam and lifting procedure that will 25 

enable the change out of one phase, as all failures to date involved only one of the three phases of the 26 

circuit breaker. The outage time to change a complete circuit breaker is estimated to be seven days, 27 

while one phase is estimated to take 3–4 days. GE has also committed to providing spare phases in the 28 
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first quarter of 2020 to eliminate the need to remove a phase from a complete on-hand spare circuit 1 

breaker. This is expected to reduce the outage time to 2–3 days. 2 

Hydro has also looked elsewhere on its system and feels the risk is higher for a failure of the GE unit 3 

circuit breakers at BDE, but lower at other sites. The rationale being, the unit circuit breakers at BDE see 4 

a high number of operations which will generate more particles and also see a higher voltage stress each 5 

time a unit is put online or taken offline. The other locations where similar GE breakers are used, are on 6 

transmission lines or in bus applications that see few operations and are not typically used for 7 

synchronizing where higher voltage stresses will be present. With few operations, less particle 8 

generation and lower voltage stress, the risk of failure of a line circuit breaker is lower. Other generating 9 

stations, including the Holyrood Thermal Generating Station (“Holyrood TGS”), were also reviewed. 10 

These sites were determined to be a lower risk, as these sites have circuit breakers that do not operate 11 

as often as BDE, or their circuit breakers are not GE DT1–245P F3, or they have lower voltage circuit 12 

breakers for synchronizing.  13 

As of the date of this report, Hydro will not order any further 245 kV class dead tank circuit breakers 14 

from GE due to the quality issues identified and the failures experienced. Hydro plans to utilize all 245 15 

kV class GE circuit breakers that have been previously purchased in transmission applications. Also due 16 

to the high failure rate at BDE, Hydro plans to look at options to replace the five dead tank GE breakers 17 

at BDE (Units 1, 3, 4, 5 and 6) with a circuit breaker that is better suited for generator application and 18 

look at using the removed circuit breakers in transmission applications. The review of the options to 19 

replace the GE generator circuit breakers at BDE is expected to be completed in the first half of 2020.  20 
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 245 kV Class Circuit Breaker Failure History at Hydro 1.01 

This report discusses the investigation of four GE dead tank circuit breakers that failed between the 2 

period of October 25, 2018, and November 17, 2019.  3 

The first circuit breaker failure occurred on BDE B2B3, which failed on initial energization on October 25, 4 

2018. The failure resulted from metal filings generated during shipping due to an interrupter exhaust 5 

enclosure part being out of tolerance. The second failure occurred on BDE B3T5, which was originally 6 

placed in service in 2016 and flashed over across the open contact on A Phase on February 27, 2019. The 7 

investigation identified an assembly related issue. The third failure occurred on BDE B3T6, which was 8 

placed in-service in 2016 and failed on August 24, 2019. It failed when the generating Unit G6 was being 9 

taken offline. When the disconnect switch was being opened, with voltage on both sides of the circuit 10 

breaker, the circuit breaker first flashed to ground and then two cycles later flashed over across the 11 

open C Phase contact. The investigation identified that a particle was generated from a dimensional 12 

non-conformance found on a component of the interrupter. The data collected thus far for the most 13 

recent failure of BDE B2T4 on November 17, 2019 is showing a flashover occurred across the open 14 

contact during synchronizing, which is similar to the BDE B3T5 failure. This breaker was shipped back to 15 

the factory on December 13, 2019 for Failure Analysis and repairs. The tear down investigation took 16 

place on January 23, 2020 at the GE factory under the supervision of a Hydro representative. A root 17 

cause had not identified as of the filing date of this report.  18 

 Focus Group Creation 2.019 

After the third failure of BDE B3T6 in August 2019, a focus group was created to help further understand 20 

the failures and look at risk mitigation for Hydro going into the winter of 2019–2020 and beyond. The 21 

membership of the focus group included: 22 

 Hydro: 23 

 Hughie Ireland, Manager, Long Term Asset Planning, Terminals and P&C (Co-Chair); o24 

 Jared Hawco, Electrical Design Engineer, Engineering Services; and o25 

 Robert Edison, Asset Specialist, Terminals and P&C.  o26 
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 GE: 1 

 Tarek El-Farawi, Lead Project Manager, Circuit Breaker Replacement Program (Co-Chair) GE o2 

Canada, Point Claire, Quebec; 3 

 Dinc Otkeren, Manager Customer Care, GE Factory, Charleroi, PA, USA; and o4 

 Eric Olson, Manager Quality Assurance (“QA”) GE Factory, Charleroi, PA, USA. o5 

The focus group first met at the GE Factory in Charleroi, Pennsylvania, USA, from September 24 to 26, 6 

2019 to: 7 

 Witness the teardown of the failed BDE B3T6 circuit breaker and support the Failure Analysis 8 

with GE’s engineering team; 9 

 Review quality control of the breaker manufacturing at GE’s Charleroi, US factory; 10 

 Review the application of GE 245 kV class dead tank circuit breaker design with factory 11 

engineers; 12 

 Review testing concerns during Factory Acceptance Testing (“FAT”); 13 

 Discuss other utility experiences with GE 245 kV class dead tank circuit breakers; and 14 

 Review transportation methods and possible aggravating effects of circuit breaker transport 15 

impacts (i.e. vibration, speed, roads). 16 

Since the factory visit the focus group has continued to meet regularly to get status updates on each of 17 

the items listed above. These items, along with a transient study, a summary of risk mitigation for 18 

Hydro, and next steps since the fourth failure, will be discussed in separate sections of this report. 19 

 Circuit Breaker Tear Downs and Failure Analysis 2.120 

 Failed Bay d’Espoir B2B3 Circuit Breaker Tear Down and Failure Analysis 2.1.121 

GE performed the failure investigation of circuit breaker B2B3 on January 4, 2019. When the interrupter 22 

was removed from the tank arc damage was found on the pin side support casting and exhaust 23 

enclosure, see Figure 1. 24 
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Figure 1: Arc Damage on Interrupter 

Arc damage and metal splatter was also found on the bottom of the tank on the pin side directly under 1 

the damage to the interrupter. The end casting for the exhaust enclosure was not properly seated as a 2 

bolt was not fully engaged. When this casting was removed metallic particles were found inside the 3 

exhaust enclosure and the enclosure itself had some scratches due to the relative motion between the 4 

parts. See Figures 2 and 3. 5 

 

Figure 2: Scratches on Exhaust Enclosure 
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Figure 3: Metal Particles inside Exhaust Enclosure 

The evidence found during the investigation strongly suggests that the root cause of the flashover was a 1 

dimensional non-conformance of the exhaust enclosure. This prevented the end casting on the pin side 2 

from seating properly, which allowed for relative movement between the exhaust enclosure and the 3 

casting during transportation to site. This relative movement resulted in damage to the mating parts and 4 

produced the metal particles found; this, likely caused the flashover upon initial energization.  5 

 Failed Bay d’Espoir B3T5 Circuit Breaker Tear Down and Failure Analysis 2.1.26 

GE performed the failure investigation of circuit breaker B3T5 on June 4, 2019, with Hydro 7 

representatives present. When the bushings were removed black material was found on the conductors 8 

and internal surface of the porcelain, predominantly on the bushing opposite the spring drive. The 9 

interrupter was removed from the tank and revealed black material coating most internal surfaces of 10 

the tank as well as the interrupter itself, see Figure 4. 11 
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Figure 4: Black Material on Interrupter 

The bell crank was then removed from the interrupter with no signs of damage to either the bell crank 1 

or the corresponding line to ground solid insulation. Upon disassembly of the interrupter, large amounts 2 

of black material were discovered on the pin side support casting. This material was collected and 3 

prepared for material characterization testing at an external lab.  4 

The interrupter subassemblies were then fully disassembled, which revealed a concentrated amount of 5 

black material deposited on the double motion parts between the main nozzle and counter contact 6 

cylinder. Thin metallic-like pieces of material were found on the arcing pin, inside the throat of the main 7 

nozzle, and inside the counter contact cylinder. The arcing pin showed significant signs of erosion. 8 

It is possible that over the course of several hundred operations the arcing pin became loose and started 9 

depositing metal and grease in the nozzle throat. In this case, the voltage withstand capability would 10 

degrade and could eventually cause a flashover across the open gap. 11 

 Failed Bay d’Espoir B3T6 Circuit Breaker Tear Down and Failure Analysis 2.1.312 

GE performed the failure investigation teardown of the BDE B3T6 circuit breaker on September 24, 13 

2019. The faulted C Phase was completed first. There were burn marks noted from the pin side of the 14 

interrupter to the tank as well as a blackened gap insulator. The failure theory proposed was a phase-to-15 

ground fault on the pin side due to foreign particles and it developed into a flash over across the open 16 

contact, see Figure 5. 17 
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Figure 5: Flash To Ground and Across Insulator Gap 

From GE’s review they have indicated that the initial fault was related to foreign particles inside the 1 

circuit breaker tank. Further investigation has identified an area where metal scraping was shown where 2 

the gap shield was installed, see Figure 6.  3 

 

Figure 6: Gap Insulator Flange where Gap Shield was Installed 

Particle samples and possible by-product from the SF6 were removed from the tank and interrupter for 4 

external lab analysis to determine material content. Also, there was a stink bug which is known to the 5 
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Pittsburgh area, found inside the female contact for C Phase center conductor. There was no burning in 1 

this area and this did not contribute to the failure.  2 

For B Phase, a bristle from the vacuum used to clean the breaker and some small minor particles were 3 

found inside the tank’s particle trap, which is designed to catch particles that could be hazardous to 4 

circuit breaker operation.  5 

For A Phase, there were minor particles inside the tank, but there was also an oily substance running 6 

down the inside of the interrupter sleeve. Lab analysis completed by GE determined that the oily 7 

substance was Fomblin UT–18 grease, which is used specifically for friction control on sliding surfaces 8 

associated with press fits of interrupter parts. This grease has been tested for the reduction of particle 9 

generation and galling of metal on sliding surfaces during pressing operations. The listed temperature 10 

range for the grease is -30°C to 150°C. Due to the ship date of the circuit breaker in November 2015 and 11 

installation date in June 2016 it is likely that during the winter storage period the ambient temperature 12 

reached a point where the oil from the thickening agent (Teflon) began to separate forming oil droplets. 13 

From the investigation performed the oil droplets did not cause or contribute to the failure. 14 

As a result of BDE B3T6 failing while taking a unit offline, Hydro confirmed the high level sequence that 15 

happened the day the circuit breaker failed. Unit G6 was brought to a low power generation level, which 16 

is normal operation prior to opening the circuit breaker, circuit breaker B3T6 was opened, and 17 

disconnect switch B3T6–1 was initiated to open. While the disconnect switch was opening there was a 18 

phase-to-ground fault that triggered the 87B3 differential protection relay, which initiated the tripping 19 

of all Bus B3 circuit breakers including B3T6. B3T6 was passing current due to the flashover across the C 20 

Phase insulator so it triggered the breaker failure relay, which shut down unit excitation and tripped the 21 

generating unit. See Appendix B for the BDETS1 System Operating Diagram for reference. 22 

Appendix C contains the Relay and Digital Fault Recorder (“DFR”) records. The summary presented by 23 

Hydro’s Protection and Control Engineer aligned with what was witnessed during the teardown. 24 

With this failure being initiated during the opening of a disconnect switch, GE provided further insight 25 

into possible high frequency transients during disconnect switching that could amplify problems in the 26 

presence of particles. GE provided a study completed as a thesis by a graduate student from BC Hydro 27 

discussing the capacitance effects on operation of disconnect switches and the transients formed. Hydro 28 

hired Hatch to recreate the B3T6 failure event and complete a transient study to help Hydro understand 29 
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the potential transients occurring. A meeting took place on October 18, 2019, between Hydro, Hatch, 1 

and the GE factory lead engineers to ensure alignment on the scope and methodology of the study. 2 

Hydro reviewed the operating procedure for putting a unit online and taking a unit offline at BDE. One 3 

of the items collectively agreed to was the importance of minimizing voltage on both sides of the circuit 4 

breaker with the circuit breaker in the opened position. That is, only having synchronizing voltage across 5 

the circuit breaker for a minimum time as required to synchronize the circuit breaker.  6 

The sequence of events data confirmed synchronization was being completed between 5–8 minutes, 7 

which is a reasonable time. The circuit breaker is designed and tested to withstand 425 kV 8 

(approximately 1.5 times the system voltage across the circuit breaker) and should withstand the 9 

synchronizing voltage stresses for this duration. 10 

 Quality Control of Circuit Breaker Manufacturing at GE Charleroi Factory 2.211 

The GE factory in Charleroi, Pennsylvania, USA has an ISO 9001 certified Quality Management System. 12 

During the factory visit for the tear down of circuit breaker BDE B3T6 GE discussed improvements made 13 

in routine FAT procedures and various manufacturing processes. This section will discuss these items in 14 

further detail. 15 

GE tests DT1–245P F3 circuit breakers in accordance with ANSI C37.09, which is specified in Hydro’s 16 

circuit breaker standard. A summary of the routine dielectric testing completed by GE is as follows: 17 

 Routine high voltage withstand test; 18 

 ANSI test voltage (425 kV) applied is approximately 1.5 times the system voltage across the 19 

circuit breaker; 20 

 Voltage applied with circuit breaker SF6 gas pressure at lockout pressure of 5.1 bar (lowest 21 

possible pressure to maintain nameplate ratings); and 22 

 High voltage withstand test is performed after all mechanical testing is completed. 23 

As per the standard, the tests shall be performed in accordance with the requirements of IEEE Std. 4: 24 

High Voltage Testing Techniques and the voltage shall be applied to the terminals of the circuit breaker 25 

for a duration of one minute, in any desired order, under the following conditions: 26 
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 With the circuit breaker contacts open, apply the specified test voltage to each terminal of the 1 

circuit breaker individually with all other terminals and the frame of the circuit breaker 2 

grounded (Across open contacts); and 3 

 With the circuit breaker contacts closed, apply the specified test voltage to each phase of the 4 

circuit breaker individually with the other phases and the frame of the circuit breaker grounded 5 

(Line to ground). 6 

All circuit breakers that experience a flashover during routine high voltage withstand tests are pulled 7 

back into production and opened for investigation by QA to determine root cause. In the event of a 8 

problem, the Test Lab initiates an Internal Quality Concern Report (“IQCR”) to document the issue 9 

experienced during testing. QA reviews the IQCR with the investigation findings for correction, 10 

recording, and trending analysis. 11 

 General Electric Manufacturing Improvements for Circuit Breaker DT1–245P F3 2.2.112 

The following are notable manufacturing improvements being implemented by GE: 13 

 GE are in the final stages of implementing a pneumatic device to operate interrupters on DT1–14 

245P F3 circuit breakers prior to installation of the interrupter inside the circuit breaker tank 15 

enclosure. GE already has this procedure for 72.5 kV and 138 kV breakers. This will allow for a 16 

wear-in period of the interrupter guide bands and contact running surfaces outside of the tank 17 

enclosure and minimize particle creation inside the interrupter and tank. This enables: 18 

 Cleaning and inspection of interrupters; and o19 

 Assembly check prior to operation. o20 

 GE part design improvements as a result of BDE B2B3 Failure Analysis findings. 21 

 GE inspected all exhaust covers in stock to check for other non-conformances, but all parts o22 

were found to be within specified tolerances. The supplier was notified of the non-23 

conformance. An engineering action request was created, which resulted in a small 24 

adjustment to the exhaust cover tolerance; and 25 

 GE also implemented a new tool (go/no go gauge) in the interrupter production line to o26 

verify the assembly is correct. 27 

 GE QA document improvements as a result of BDE B3T5 Failure Analysis findings. 28 
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 GE added additional steps to their Interrupter Control Checklist to verify and stamp that the o1 

arcing pin has been properly torqued and Loctite thread lock has been applied.  2 

While at the factory Hydro witnessed the assembly of the new interrupter that replaced the failed 3 

interrupter in the repaired BDE B3T6. No concerns were noted.  4 

 Internal Audit Process for ISO 9001 2.2.25 

GE provided a review of their Quality Management System and Audit Process. Hydro requested and 6 

received a copy of the internal audit report that was completed prior to the registration audit. Several 7 

observations were recorded in the internal audit, but nothing significant was noted.  8 

 Review the Application and Design of GE 245 kV Class Dead Tank Circuit 2.39 

Breakers 10 

While at the factory, the application of circuit breakers in Hydro’s system was reviewed with the GE 11 

Engineering team. GE Engineering provided a presentation on the standards the circuit breakers are 12 

manufactured to and the testing required for Type and Routine Tests. It was indicated that generator 13 

duty (as a result of synchronizing) results in higher stresses on a circuit breaker than a terminal station 14 

bus breaker, but the breaker is designed and tested to withstand 425 kV (which is approximately 150% 15 

higher than two times the line to neutral voltage that the circuit breaker normally sees during 16 

synchronizing).  17 

It was noted; however, that one of the biggest issues with dead tank circuit breakers is eliminating 18 

particles due to the manufacturing and assembly process. In fact there are particle traps built into the 19 

circuit breaker tank design. As a result, generator circuit breakers will potentially see problems due to 20 

particles inside the unit sooner than a transmission line or terminal station bus circuit breaker. This is 21 

due to the increased number of operations and exposure to higher voltages across the open circuit 22 

breaker during times a generating unit is brought online or being taken offline.  23 

 Dead Tank vs Live Tank Circuit Breaker Design 2.3.124 

Outlined in this section are the main pros and cons associated with dead tank and live tank circuit 25 

breakers.  26 
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Dead Tank Circuit Breakers: 1 

Pros: 2 

1. Very small foot print; 3 

2. Internal bushing CT’s for protection and measurement – up to three per side; 4 

3. Smaller phase spacing; and 5 

4. Lower center of gravity. 6 

Cons: 7 

1. Prone to line to ground flashovers due to nature of design – live interrupter and grounded 8 

tank;  9 

2. Particle sensitivity issues – can lead to flashover;  10 

3. Higher quantity of gas, more surface area, and porosity of castings can all contribute to 11 

more gas leaks;  12 

4. Continuous solid insulation degradation due to high voltage stresses because of grounded 13 

tank; and 14 

5. High shipping stress can lead to invisible micro cracks in parts. 15 

Live Tank Circuit Breakers: 16 

Pros: 17 

1. Lower quantity of gas (~15–20% volume of dead tank) and less prone to leaks;  18 

2. No possible arcing between chamber and tank (all at live potential); 19 

3. Can withstand line-to-ground voltage even after some gas loss;  20 

4. Common failure modes almost absent – very low failure rate for GE live tank circuit breakers 21 

in service since 1999 (0.20%); and 22 

5. Particle related failure is rare due to vertical nature of tank. 23 

Cons: 24 

1. Bigger foot print, higher phase spacing;  25 

2. External CT’s required for protection and measurement;  26 

3. Mechanical failures can happen;  27 

4. Central control cabinet required; and 28 

5. Higher center of gravity;  29 
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 Factory Acceptance Testing 2.41 

While at the factory GE provided Hydro FAT data for three randomly selected circuit breakers. Hydro 2 

reviewed quality and routine test documents from randomly selected circuit breakers and noted details 3 

were signed off and stamped as per procedures.  4 

From this review Hydro recommended the improvements in process as a result of the two most recent 5 

245 kV class circuit breaker failures be applied to 145 kV and 72.5 kV class breakers.  6 

 Other Utilities Experience with GE 245 kV Class Dead Tank Breakers 2.57 

Since 2010, GE has supplied 245 kV class dead tank circuit breakers to BC Hydro (15), Hydro Quebec 8 

(21), Manitoba Hydro (2), Saskatchewan Power (4) and low quantity units to others (71). In the United 9 

States, the client list includes the City of Boulder, CBK Power Company, Lafayette Utilities System, 10 

Powersouth Energy Cooperative, the City of Alexandria and more. 11 

Hydro followed up with BC Hydro, Manitoba Hydro, and Hydro Quebec to discuss their experience with 12 

GE 245 kV class dead tank circuit breakers and has documented the findings in the sections to follow. 13 

 BC Hydro 2.5.114 

 Many GE DT1-72.5FK circuit breakers in service: 15 

 No in service or major catastrophic failures of this circuit breaker type; and o16 

 Some issues with leaks and corrosion. o17 

 Many GE GLX live tank circuit breakers at 550 kV, no issues after many years in service; 18 

 Few GE 145/245 kV dead tank circuit breakers: 19 

 Purchased 15 units since 2010 – all independent pole operation (“IPO”), -50°C rated with o20 

mixed gas for locations in the mountains; 21 

 All units are in substations as bus or line breakers; and o22 

 No issues with these circuit breakers after seven years in service other than those noted o23 

below. 24 

 They had three failures of GE 245 kV mixed gas circuit breakers in roughly a two-year period. 25 

With the mixed gas design GE has indicated the interrupter is a different design than the one 26 

used in an SF6 (not mixed gas) design: 27 
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 First failure occurred on initial energization. Failure Analysis revealed that the interrupter o1 

had shifted inside the tank during transportation causing an internal flashover. Upon 2 

discovering this BC Hydro opened the tanks on a number of circuit breakers and found the 3 

same issue with some other interrupters, which were subsequently repaired; 4 

 Second failure also occurred on initial energization. During one of the interrupter repairs an o5 

item was left inside the tank before it was closed, causing an internal flashover upon 6 

energization; and 7 

 Third failure occurred on a circuit breaker that was in-service for about two years due to an o8 

internal line to ground flashover. Failure Analysis revealed that flashover was likely due to 9 

particle inside Interrupter Insulator 2. Exact source of particle undetermined, but likely due 10 

to break-in period of interrupter. 11 

 BC Hydro is very concerned about impacts of road transportation by truck on dead tank circuit 12 

breakers, especially when traveling long distances to remote locations with poor road conditions 13 

and when circuit breakers change trucks during shipment. The interrupter is different in an IPO 14 

dead tank circuit breaker – the cantilever design more prone to transportation issues;  15 

 BC Hydro using ABB HPL mixed gas live tank circuit breaker for generator application: 16 

 Most generation at 550 kV, compared to 230 kV for Hydro; o17 

 No dead tank circuit breakers on generators at 245 kV; and o18 

 No conscious decision to use live tank over dead tank for generator application as dead tank o19 

circuit breakers are just as capable and rated to withstand all requirements of switching, 20 

transients, etc. Decision to use live tank circuit breakers based on other factors: 21 

 -50°C rated using mixed gas without tank heaters. They have experienced issues with 22 

tank heaters in the past; 23 

 Fault levels; and 24 

 Market availability and cost effectiveness. 25 

 BC Hydro performs a manufacturer review for all major equipment, including circuit breakers, 26 

every five years to ensure they are getting the best technology available on the market for their 27 

needs; 28 



  Bay d’Espoir Terminal Station 
General Electric Dead Tank Circuit Breaker Failure Report 

Page 14 

 BC Hydro indicated that having multiple failures at one terminal station in such a small time 1 

frame is very serious and unusual. Their opinion is that the high frequency of failures indicates 2 

some sort of systemic issue, as opposed to an isolated issue, being caused by: 3 

 Transportation issues between the factory and site; o4 

 Design/Manufacturing/Quality issues; o5 

 Application issue; and o6 

 Some combination of the above. o7 

 Due to multiple failures during synchronization or taking a generator offline it is very likely that 8 

we have a systemic issue at the BDS terminal station that is aggravating other issues, to the 9 

point of failure, caused during manufacturing or transportation. 10 

 Manitoba Hydro  2.5.211 

 Many GE DT1-72.5FK circuit breakers in service 12 

 No in-service or major catastrophic failures of any GE circuit breakers o13 

 Some issues with leaks and corrosion o14 

 Very few GE 145/245 kV class dead tank circuit breakers 15 

 Purchased only two units since 2013 – both 245 kV, IPO, -50°C rated with mixed gas. No o16 

issues with these two units. 17 

 Using other manufacturers due to superior cold temperature testing o18 

 All units are in substations as bus or line circuit breakers o19 

 145 kV voltage class: ABB PM series – dead tank circuit breaker 20 

 245 kV voltage class: 21 

 Gang-operated: Mitsubishi Electric Power Products Inc. (“MEPPI”) o22 

 IPO: MEPPI + POW (“Point on Wave”) Controller o23 

 Experienced some failures of circuit breakers in reactor switching applications 24 

 Experienced particle related failure on ABB circuit breaker. Found copper slivers inside the tank 25 

likely created from a die used in the manufacturing process 26 
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 Manitoba Hydro has generation at both 145 and 230 kV. Using predominantly live tank circuit 1 

breakers, but do have some tank circuit breakers for areas with lower fault levels. 2 

 Like BC Hydro there was no conscious decision to use live tank over dead tank for generator o3 

application. Decision to use live tank circuit breakers based on similar factors: 4 

 -50°C rated using mixed gas without tank heaters. They have experienced issues with 5 

tank heaters in the past; 6 

 Fault levels; and 7 

 Market availability and cost effectiveness. 8 

 Manitoba Hydro typical generating station setup is different than Hydro’s BDE station in that 9 

they use a low voltage unit circuit breaker and the generator step up (“GSU”) transformer is only 10 

separated from the ring bus by a motorized disconnect switch (“MOD”): 11 

 Manitoba Hydro: Generator – Unit circuit breaker (Low voltage) – GSU – MOD – Ring bus; o12 

 Hydro BDE Station: Generator – GSU – 245 kV unit circuit breaker – MOD– Ring bus; and o13 

 Manitoba Hydro high voltage “generator breakers” are the bus circuit breakers on the ring o14 

bus. 15 

 Hydro Quebec 2.5.316 

 All circuit breakers certified and tested for all applications; line, transformer, bus, capacitor 17 

bank, and generator; 18 

 Use both dead tank and live tank circuit breakers for all applications; 19 

 Most generating stations just have medium voltage circuit breaker on generator; 20 

 At least one plant with high voltage circuit breaker on the high side of unit transformer. At that 21 

plant they have 5 x 145 kV MEPPI – dead tank circuit breakers installed 2010–2018. No issues 22 

with these circuit breakers; 23 

 No GE DT1–245 circuit breakers on generators; 24 

 DT1–245 final assembly completed at La Prairie plant until it shut down. Hydro Quebec Quality 25 

Inspector would inspect factory and QA policies before accepting circuit breakers during routine 26 

FAT testing; 27 

 Two known failures on GE dead tank circuit breakers: 28 
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 DT1-245 failure caused by improperly installed rupture disk; and o1 

 DT1–145 failure caused by pollution on the bushing. o2 

 700 kV are all live tank circuit breakers; 3 

 69–245 kV are typically dead tank circuit breakers, mostly GE and MEPPI. 4 

 Transportation 2.65 

This section examines the possible aggravating effects of transportation impacts (i.e. vibration, speed, 6 

roads) on the circuit breaker. 7 

The typical transit time from the GE Charleroi Factory is between 5 to 7 calendar days but ten days is 8 

typically scheduled to account for any potential delays, mainly at the ferry crossing. Arrival times are 9 

revised as the circuit breaker crosses into Newfoundland and the persons receiving the circuit breaker 10 

are notified 24 to 48 hours prior for accurate arrival time. In terms of trailers, GE only uses mini-deck 11 

equipment, as these are needed to ensure overhead clearances. All transports used to ship the dead 12 

tank breakers are equipped with air ride suspensions. There have been two transporters used during the 13 

GE circuit breaker replacement program to ship the circuit breakers; Patco Transports and Golden 14 

International. Both have been long-time trusted partners to GE Canada and are used for many other 15 

high voltage equipment shipping. 16 

The typical routing is approximately 3000 km. The main route selected, starting from Charleroi, is to 17 

drive east through New York state. The circuit breaker passes through the Montreal area and continues 18 

to North Sydney to embark on the ferry crossing. All roads up to this point are paved State and/or 19 

Provincial highways. The truck crosses on the ferry to Port aux Basques, and then continues to the pre-20 

determined final location (Bishop Falls or specific terminal station). Throughout the entire transit, the 21 

circuit breaker stays on the same mini-deck trailer and is never transferred while in transit. Up until BDE 22 

B3T6 failure no impact recorders were used. 23 

GE has an engineering drawing of how the circuit breakers are to be configured on the truck. The trucks 24 

used are special low bed trucks with air ride suspension. The circuit breakers are strapped down by the 25 

driver of the truck under the supervision of a person from the GE factory. For new designs, a part of the 26 

type testing is to complete a road test with the new circuit breaker design. 27 

To help better understand any transportation concerns GE applied an impact recorder when shipping 28 

the repaired B3T6 circuit breaker back to BDE in Dec 2019. The impact recorder was then transferred to 29 
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the failed B2T4 circuit breaker for the return trip to the GE Charleroi factory. There were no significant 1 

findings noted from the impact recorder data for the trip in December 2019. However, it should be 2 

noted that the road conditions on the BDE highway have been significantly improved since the unit 3 

circuit breaker replacements in 2015 and 2016.  4 

 Bay d’Espoir Operational Philosophy for Starting and Stopping Units 2.75 

During a unit start-up, the high side disconnect switch is given a close command by the operator at BDE 6 

that, once closed, places 230 kV bus voltage on one side of the circuit breaker. After closing the unit 7 

disconnect switch, the operator initiates a start of the unit. The unit runs up to speed and the field is 8 

flashed1 at 95 % of synchronous speed. This will result in the unit side of the circuit breaker becoming 9 

energized. The automatic synchronization is then initiated and the circuit breaker is closed when 10 

alignment with voltage, phase angle, and frequency are met. This procedure can take up to eight 11 

minutes.  12 

When a unit is taken offline, the Energy Control Center operator will unload the unit down to 2 MW or 13 

less and then open the circuit breaker. The operator at BDE will then open the disconnect switch and 14 

give the unit a stop command. When the unit is given the stop command the excitation voltage is lost 15 

immediately. 16 

 Hydro’s Review of GE 245 kV Class Circuit Breakers at Other System 2.817 

Locations 18 

After the four failures of 245 kV class GE dead tank circuit breakers at BDE, Hydro completed a review of 19 

its system to determine other locations with the same GE 245 kV class dead tank circuit breakers. A list 20 

of installed GE DT1–245P F3 dead tank circuit breakers in Hydro’s system is included in Appendix D.  21 

In evaluating the risk of a future failure Hydro has considered the following: 22 

 Since 2015 Hydro has replaced 27, 245 kV class circuit breakers with the GE DT1–245P F3 dead 23 

tank circuit breaker, five of which are in a generator application and the other 22 are in a bus or 24 

line application; 25 

                                                           
1
 Field flashing is used on generators where the residual magnetism is not high enough to build up the terminal voltage during 

start-up. It is done by connecting an external direct current source from an exciter to the field winding to start the voltage build 
up. 
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 Generating unit circuit breakers at BDE have a large number of operations due to the units being 1 

operated as peaking units. As a result of the number of operations, these circuit breakers will be 2 

prone to more particle generation; 3 

 Generating unit circuit breakers are exposed to higher voltage stresses during synchronizing 4 

(two times the line to ground voltage); 5 

 Generating unit circuit breakers at BDE are exposed to transient voltages and currents due to 6 

the switching of the high side disconnect switch; 7 

 The generator circuit breakers were considered the most critical and the higher risk to the 8 

system, due to their ability to prevent generation energy from getting onto the system; 9 

 Transmission circuit breakers do not operate frequently, are less prone to particle generation, 10 

and are not normally exposed to two times the line to ground voltage across the circuit breaker 11 

during synchronizing; 12 

 There is no redundancy for unit circuit breakers 1 to 6 at BDE. There is only one circuit breaker 13 

between the generating unit and the system; 14 

 The following generating plants use 245 kV class circuit breakers to synchronize generating 15 

plants, but do not use GE dead tank circuit breakers: Cat Arm (MEPPI) and Holyrood TGS 16 

(Siemens); and 17 

 The following generating stations synchronize using lower voltage circuit breakers on the low 18 

side of the GSU transformer: Upper Salmon, Granite Canal, Hinds Lake, Star Lake, and Exploits. 19 

 Breaker Failure Study (Referenced as Transient Study) 2.920 

As a follow up from the recommendations from the GE factory engineers, Hydro engaged Hatch to 21 

complete a transient study at BDE. This study was carried out from October to December 2019, with the 22 

final report issued by Hatch on January 28, 2020 (“Transient Study”), 2 provided as Appendix A. The 23 

findings of the study show that the switching of the high side 230 kV disconnect switch can create a high 24 

frequency transient voltage over 700 kV. This transient level is below the design limit of 1050 kV, but still 25 

high enough to possibly cause movement of particles inside the circuit breaker. The particles could 26 

potentially move from an area of low electrical stress to an area of high electrical stress, which could 27 

reduce the voltage withstand of the circuit breakers and trigger an internal flashover. 28 

                                                           
2
 Hatch, “Breaker Failure Study,” January 3, 2020. 
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A recommendation from the transient study is to replace the Capacitive Voltage Transformers (“CVTs”) 1 

at BDE Buses connecting generation to the system with Potential Transformers (“PTs”). This will reduce 2 

the capacitance ratio and significantly reduce the transient created during operation of the disconnect 3 

switch. 4 

Due to Hydro’s current 230 kV standard for voltage sensing being CVTs, Hydro does not have 230 kV PTs 5 

in stock and the delivery will be in the order of 24 to 34 weeks. As a result, further review was 6 

completed of Hydro’s operating philosophy to determine if the unit 230 kV disconnect switch can 7 

remain closed. From this review it was determined that with the 230 kV unit disconnect switch closed, 8 

the unit offline, and the unit circuit breaker in the open position, there currently is no protection for the 9 

transformer or the generator unit to clear a circuit breaker flashover.  10 

To allow Hydro to keep the 230 kV unit disconnect switches closed and eliminate the transient, Hydro 11 

implemented open circuit breaker flashover protection on the circuit breakers for Units 1 to 6 at BDE as 12 

of December 20, 2019. Effective the same date, an operating philosophy change was made to ensure 13 

the 230 kV unit disconnect switch remains closed when units are put on and taken off the system.  14 

 Risk Mitigation for Hydro 3.015 

Since October 2018 Hydro has experienced four failures of DT1–245P F3 dead tank circuit breakers at 16 

BDETS1. Three of the four failures have shown to have quality issues from the factory and the root cause 17 

of the fourth failure, which occurred on Nov 17, 2019, is still unknown.  18 

After the third failure, which occurred on August 24, 2019, Hydro and GE formed a focus group made up 19 

of three representatives from each side to help mitigate Hydro's risk of a another circuit breaker failure. 20 

To help with risk mitigation for Hydro and to ensure Hydro is well prepared for another failure the focus 21 

group has initiated the following:  22 

1) GE has repaired all failures up to this point at their factory at GE’s expense; 23 

2) GE extended the warranty by two years for its circuit breakers and has covered the cost of 24 

repairs at its factory for the first three failures. GE will decide if the fourth breaker will be 25 

covered once the investigation is completed on the latest failure; 26 
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3) GE provided a procedure on December 10, 2019, to change out one phase of the circuit breaker 1 

to expedite the return to service of a unit circuit breaker at BDE in the event of a failure 2 

throughout this coming winter; 3 

4) Due to the failures happening at BDE, Hydro has the repaired circuit breaker from B3T6 placed 4 

in BDE to enable either a phase to be removed and installed or the complete circuit breaker to 5 

be replaced; 6 

5) An impact recorder was used for the shipment of the repaired B3T6 circuit breaker, which left 7 

the GE factory on December 4, 2019, and arrived at BDE on December 13, 2019, to help 8 

determine if transportation is a concern for these circuit breakers. There were no significant 9 

findings noted from the impact recorder data;  10 

6) The operating sequence for putting a unit online and taking a unit offline was reviewed. From 11 

this review it was determined that the operators place units on line and offline efficiently, which 12 

minimizes the amount of time the circuit breaker sees extra voltage stress (two per unit voltage) 13 

across the circuit breaker. Essentially the circuit breaker is designed for the application. This 14 

review did not consider the transients; 15 

7) Due to the failure of BDE B3T6 occurring when the unit disconnect switch was opening GE’s 16 

engineering team recommended completion of a Transient Study of the BDE Terminal Station. 17 

Hydro hired Hatch to complete this study and it was determined there were high transients 18 

occurring from switching the unit disconnect switches, but the values were below the rating of 19 

the circuit breakers. However, due to the combination of the transient from the switching, 20 

particles in the circuit breaker from quality issues, and the increased voltage stress (two times 21 

line to ground voltage across circuit breaker) during synchronizing, Hydro changed its operating 22 

philosophy to keep the 230 kV disconnect switch closed. Prior to making that change Hydro 23 

implemented open circuit breaker flashover protection to ensure a flash over on one phase will 24 

be detected quickly to minimize any damage to the transformer or the unit if the circuit breaker 25 

were to fail with the generating unit offline; 26 

8) Hydro followed up with other Canadian utilities to get their experience and the application for 27 

the use of the same 245 kV class GE dead tank circuit breakers. Other utilities have seen fewer 28 

failures but do not use these circuit breakers in a generator application. They use either live tank 29 

design (due to interrupting capability requirements) or use a lower voltage circuit breaker to 30 

synchronize generation to the system; 31 
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9) To help mitigate the risk going into winter 2019–2020 the focus group recommended internal 1 

inspection of circuit breakers installed in 2016,that would have had a significant number of 2 

operations and potential particle generation inside their tanks. A plan was developed to inspect 3 

B1T1, B2T3, and B2T4 circuit breakers at BDE. A GE factory technician went to BDE and 4 

completed the internal inspection of B2T4 on November 16, 2019, and when the circuit breaker 5 

was restored to service on November 17, 2019, it failed on A Phase. Further inspections were 6 

cancelled; 7 

10) GE will provide at no cost to Hydro in the first quarter of 2020, three separate spare phases to 8 

install in either of the A, B, or C positions to help expedite the return to service of a future failed 9 

circuit breaker; and 10 

11) Hydro has also looked elsewhere on its system and feels the risk is high for a failure of the GE 11 

unit circuit breakers at BDE, but is lower at other sites. The rational for this is that the unit circuit 12 

breakers at BDE see a high number of operations and also see a higher voltage stress every time 13 

a unit is put online or taken offline. The other locations where similar GE circuit breakers are 14 

used are on Transmission lines that see few operations and are not typically used for 15 

synchronizing. With fewer operations, particle generation, and lower voltage stress the risk of 16 

failure of a line circuit breaker is lower. Other generating stations including Holyrood TGS were 17 

also reviewed and determined to be a lower risk, as these sites have circuit breakers that do not 18 

operate as often as BDE, or their circuit breakers are not GE, or have lower voltage circuit 19 

breakers for synchronizing.  20 

With the high rate of failure Hydro is seeing at BDE, Hydro will look at other options to consider 21 

replacing five dead tank GE circuit breakers at BDE (Units 1, 3, 4, 5 and 6) with either a live tank design 22 

or another circuit breaker design that is better suited for generator application. This review will be 23 

completed in the first half of 2020. 24 

 Key Findings and Actions Taken 4.025 

1) The design of dead tank circuit breakers is prone to issues with particles generated in the 26 

manufacturing and general operation of the circuit breaker. The circuit breaker is designed to 27 

have particle traps to catch any foreign particles that end up inside the tank (after 28 

manufacturing, transportation, and operation); 29 
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2) Generator circuit breakers have more operations (greater chance of more particle generation) 1 

and have a higher electrical stress during synchronizing; 2 

3) Hydro has had 4 failures of GE 245 kV class circuit breakers that are installed at BDE. Three of 3 

the four were associated with generator circuit breakers (B3T5 February 2019, B3T6 August 4 

2019, and B2T4 November 2019). The other failure was on bus breaker B2B3 in October 2018; 5 

4) The investigations completed on three of the circuit breakers that failed found that all had 6 

quality concerns. 7 

Circuit breaker B3T6 failed when the circuit breaker was in the open position with voltage on 8 

both sides, and the unit disconnect switch was in the process of being opened. Due to the failure 9 

occurring during opening of the disconnect switch, Hydro had further discussion with GE 10 

Engineering and Hydro engineering on this transient phenomenon that occurred and completed 11 

a transient study at BDE. Results from the study showed there could be transients over 700 kV.  12 

The GE dead tank circuit breakers are designed to withstand transients at this level but with 13 

particles inside the circuit breaker and transient voltages there is a greater chance of failure. 14 

Implementing open circuit breaker flash over protection and changing the operating instruction 15 

to keep the 230 kV unit disconnect switch closed will mitigate this risk; 16 

5) Through a review Hydro confirmed generating units at BDE are placed online and offline line in a 17 

reasonable time frame to minimize the time the circuit breaker is seeing voltage in the open 18 

position; and 19 

6) BC Hydro has expressed concern with the forces exerted on dead tank circuit breakers during 20 

transportation, especially to remote sites. This is based on the failure of two GE IPO dead tank 21 

circuit breakers due to the interrupter becoming loose during shipment. It should be noted that 22 

the interrupter design for this type of circuit breaker is different than the GE DT1–245P F3 circuit 23 

breaker installed by Hydro and is more prone to issues during transportation. BC Hydro has also 24 

experienced the failure of one of these circuit breakers due to an internal line to ground 25 

flashover likely caused by a particles created during the break-in period of the interrupter. 26 

Manitoba Hydro has also experienced a particle related failure on a 245 kV class dead tank 27 

circuit breaker made by another manufacturer as well as multiple failures in a reactor switching 28 

application. This would be similar to a generator application as the circuit breakers are 29 

frequently operated and are exposed to higher voltage stresses. Hydro Quebec has experienced 30 
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failures on two GE 245 kV class dead tank circuit breakers; one due to an improperly installed 1 

rupture disk and another due to pollution on a bushing. 2 

 Recommendations and Next Steps 5.03 

As of the date of this report, Hydro will not order any further 245 kV class dead tank circuit breakers 4 

from GE due to the quality issues identified and the failures experienced. Hydro plans to utilize all 245 5 

kV class GE circuit breakers that have been previously purchased in transmission applications where the 6 

risk of failure is lower. Also due to the high failure rates at BDE, Hydro will look at options to replace the 7 

five Dead Tank GE circuit breakers at BDE (Units 1, 3, 4, 5 & 6) with a circuit breaker that is better suited 8 

for generator applications and consider using the removed circuit breakers in transmission applications. 9 

The review of the options to replace the GE generator circuit breakers at BDE will be completed by the 10 

end of the third quarter 2020. 11 

By the end of the third quarter 2020, Hydro also will review whether it will proceed with changing out 12 

the CVTs in BDE with PTs and change the operating philosophy back to operating the 230 kV high side 13 

disconnect switch when putting a unit at BDE on and offline. 14 
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Figure 1: Bay d’Espare Terminal Station 1 System Operating Diagram 
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Table 1: Installed General Electric DT1–245P F3 Circuit Breakers 

Terminal Station Circuit Breaker Name Application Purchase Year Installation Year Failure Year 

BDE BDE B1T1 Generator 2015 2016 - 

BDE BDE B2T3 Generator 2015 2016 - 

BDE BDE B2T4 Generator 2019 2019 2019 

BDE BDE B3T5 Generator 2018 2019 2019 

BDE BDE B3T6 Generator 2019 2019 2019 

BDE BDE B1B2 Bus 2015 2016 - 

BDE BDE B2B3 Bus 2018 2018 2018 

BDE BDE B3B4 Bus 2017 2018 - 

BDE BDE B5B10 Bus 2016 2018 

BDE BDE B1B10 Bus 2018 2019 - 

BDE BDE B7L06 Line/Bus 2016 2017 - 

BDE BDE B7L67 Line/Bus 2016 2017 - 

BDE BDE B9L31 Line/Bus 2016 2017 - 

BDE BDE L31L67 Line/Bus 2016 2017 - 

Buchans BUC L32L33 Line/Bus 2017 2017 - 

Hardwoods HWD B1L66 Line 2015 2015 - 

Massey Drive MDR B5L11 Line 2017 2017 - 

Massey Drive MDR B1L28 Line 2017 2018 - 

Oxen Pond OPD B1L36 Line 2016 2016 - 

Stony Brook STB B2L04 Line/Bus 2017 2018 - 

Stony Brook STB B1L32 Line/Bus 2019 2019 - 

Sunnyside SSD L02L07 Line/Bus 2016 2016 - 

Upper Salmon USL L63T1 Line/Bus 2017 2017 - 

Western Avalon WAV B1L37 Line/Bus 2017 2018 - 

Western Avalon WAV L03L17 Line/Bus 2019 2019 - 

Western Avalon WAV L01L03 Line/Bus 2018 2019 - 

Western Avalon WAV B1B3 Bus 2018 2019 - 
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