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1.0 EXECUTIVE SUMMARY 

On February 24, 2023, an explosion and fire occurred in downtown Vancouver outside 353 Burrard Street, inside an 
electrical vault. Senez Consulting Ltd. was retained by BC Hydro to conduct a third-party investigation into this 
incident. The electrical vault contained an oil filled transformer as well as two oil filled switches. The metal enclosure 
of the standby switch was observed to have the largest amount of deformation. 

This report established that this incident was a result of contaminated insulating oil inside an oil filled switch. The key 
factors are summarized as follows: 

�x It was found that the only possible cause of the explosion would be a buildup of combustible gases inside 
Switch 2019. 

�x This combustible gas buildup was a result of partial discharges of electrical energy into the insulating oil. The 
discharge process releases energy into the oil, which causes the oil to break down and form combustible gases. 

�x For partial discharges to occur, the insulation ability of the insulating oil had deteriorated. Either over time, or 
with contamination, the oil broke down and lost its insulating properties. 

�x The contamination occurred due to a leaking gasket in the lid of the switch. This was caused by incompatible 
products and potential contamination of the seal, compromising the nitrogen pressurization, and etching the 
surface of the enamelled paint inside the switch. 

�x This allowed for corrosion to occur in the steel below the surface of the paint allowing particles of iron and 
iron-oxide to mix with the oil, leading to partial discharges and the accumulation of combustible gases in the 
tank, which ignited and caused the explosion and subsequent fire. 

�x A review of the BC Hydro Work Procedure identified the following gaps: 

o There was limited guidance on required visual inspections and when to replace a gasket, no defined 
replacement parts, and no end-of-life timing for the gaskets. This left field crews to find gasket repair 
solutions that were insufficient and involved incompatible materials (e.g., unknown Nebar and 
silicone). This was found to be a contributing factor leading to the failure. 

o An oil-testing program that was not updated to reflect changes in standards, was limited in controls 
and tracking, and not incorporating trending. Monitoring of oil integrity was therefore a function of 
operational diligence in the absence of a more robust program. A more thorough program may have 
identified gasket sealing issues had the details of the pressurized tanks been tracked, but a specific 
correlation to this Incident was not identified. 
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2.0 GENERAL 

2.1 Incident Summary 

1. An explosion and fire occurred in electrical Vault 0073 (V73) in front of 353 Burrard Street (the Marine Building) 
on February 24, 2023, shortly after 6 pm. The vault is part of the BC Hydro (BCH) distribution network supplying 
power to BCH customers in the downtown core. 

2. Vancouver Fire & Rescue Services (VFRS) responded to the incident along with BCH and Fortis BC emergency 
crews. The VFRS report for Case#230009137 established the event to be � Âccidental�X�_���s�&�Z�^���Á���•���v�}�š���]�v�À�}�o�À�������]�v��
the follow-up investigation.  

3. According to VFRS two members of the public were injured with burns to their hands and face. As of February 
25, 2023, B.C. Emergency Health Services told CBC that the two patients were in stable condition, but no further 
details or information has been made available to BCH. 

4. The explosion caused multiple glass windows to break, and the subsequent fire caused heat damage to the 
exterior façade of tenancies in the adjacent building. The affected tenants within the Marine Building include a 
JJBean coffee shop and the Tractor restaurant. The reported injuries related to pedestrians walking along the 
sidewalk when the explosion occurred. There were no reported injuries to any of the occupants in the Marine 
Building.  

5. V73 contained two electrical feeders, two oil-filled switches, a fuse box, a transformer and corresponding 
cabling and connectors to supply power to the equipment and then distribute �š�}�������,�[�•�����v�������µ�•�š�}�u���Œ�•. 

6. V73 is located under the sidewalk on the west side of Burrard Street outside the Marine Building. The location 
of V73 can be seen from Google Earth arial view in Figure 1, or street view in Figure 2. The vault is situated 
outside a coffee shop (JJBean), as well as the neighbouring restaurant (Tractor), both of which were affected by 
the incident. 

7. The vault is approximately 8 ft below street level and has an approximate footprint area of 5 ft by 15 ft, covered 
by concrete sidewalk inserts approximately 5 in. thick and a metal utility hole cover. One of the concrete inserts 
included four metal grates embedded within to provide natural ventilation to the vault.  

2.2 About this Report 

8. Paragraphs are sequentially numbered, and headings are provided in this report for reference and have no 
meaning other than convenience for the reader. 

2.3 Responsible Engineer for Report 

9. I am Peter Senez, the responsible engineer for the content of this report, and a Professional Engineer with over 
30 years of experience in fire engineering, fire science, and fire investigation. My experience includes being a 
firefighter, fire inspector, fire engineer and fire investigator. I have been practicing as a fire engineering 
consultant since 1993 and conducting forensic investigations since 1999, including numerous deflagration 
explosions and failures involving industrial and power equipment, as is relevant to this matter. 

10. My first university degree is in mechanical engineering (with a specialization in Machine Design) from Concordia 
University (1993) in Montreal, and I subsequently completed a Master�[s degree in Fire Protection Engineering 
from the University of British Columbia. Currently, I am pursuing Ph.D. studies on a part-time basis studying fuel 
volatility and ventilation-limited fires at the University of Waterloo. There, I also instruct a course in Advanced 
Fire Investigation for Fire Engineers. 

11. A copy of my resume is included in Appendix A. 

2.4 Scope of Report 

12. The scope of this report is to document the investigation of the cause of the explosion and fire that occurred on 
February 24, 2023 �~���}�o�o�����š�]�À���o�Ç�U���š�Z�����^�/�v���]�����v�š�_�•. 

 
Figure 1: Google Earth image showing approximate location of V73 in orange circle. 

 
Figure 2: Google Earth Image showing the location of V73 in orange circle. 
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3.0 POST INCIDENT DATA GATHERING 

3.1 General 

13. BCH assembled a technical team to support data gathering for the incident. This included investigators from 
Senez Consulting Ltd. (SenezCo), Powertech, key engineers and technical staff from BCH, and field crews to 
support site activities. The team addressed immediate and ongoing site safety risks, gathered pertinent data 
from BCH sources, coordinated site crews to safely progress an investigation, secured evidence and completed 
necessary field activities. 

14. SenezCo was initially contacted on February 25, 2023, and first attended the scene on February 25, 2023. 

15. In addition to the documentation gathered by SenezCo, additional findings are documented in the following 
documents relative to this incident and prepared under separate cover: 

�x Investigation into Explosion of RAL Switch at BCH Vault 073, prepared by Stuart Chambers, Powertech 
�Z���‰�}�Œ�š���/�����W�>�z�ì�ð�î�í�ñ�X�ï�õ���~�š�Z�����^�W�}�Á���Œ�š�����Z���Z���‰�}�Œ�š�_�•, included as Appendix B to this report. This report includes 
additional testing and commentary forming part of the investigation including chemical, metallurgical and 
oil integrity analysis. 

�x BCH Engineering Report (the � B̂CH�_ Report), included as Appendix C, which describes the electrical 
configuration and system protection and includes oscillography of the circuits involved and the 
corresponding interpretation of the results. The oscillography is illustrated in Figure 3. 

16. The force of the explosion raised the covers on V73. The 5 ft by 5 ft concrete sidewalk inserts had been lifted 
and displaced, as shown in Figure 4. 

17. The grates located in the south concrete insert were lifted and displaced to the south, and the concrete insert 
had been lifted and fallen into the vault landing on top of the transformer. The north concrete insert was 
displaced up and to the north, resting diagonally from its original position, 7 ft - 10 ft. 

18. The utility grate and opening were lifted and displaced to the northwest landing on the sidewalk and the 
storefront patio, shown in the top right corner of Figure 4. 

19. The approximate layout of the electrical equipment in the vault, post event, is shown in Figure 5. 

3.2 Relay and Sensor Data 

20. Electrical relays and sensors connected to the circuits were able to record data up to the event. Switch 2018 and 
Switch 2019 were connected to Circuit CSQ 125F21 and CSQ 12F511 respectively. 

21. The sensors recorded to an excessive of 8000 amps, for both circuits, at 6:06:22.4 pm and 6:06:23.6 pm for 
Circuit CSQ 125F21 and Circuit CSQ 125F11 respectively. 

22. An electrical single line diagram for V73 is provided in Figure 6. 

3.3 Pre-Incident Vault Condition 

23. Photographic documentation on November 24, 2021 of V73 is available pre-fire in Street Vault Inspection Report, 
included in Appendix D. 

24. 35 original digital photographs from the inspection were also obtained. 

 
Figure 3: Oscillography of circuits connecting to V73. 

 
Figure 4: Photo array showing vault debris displacement. 
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Figure 5:Vault V0073 Layout after the explosion. 

 

 
Figure 6: Vault V0073 Single Line Diagram. 

3.4 Video of the Event 

25. �s�]�����}�� �}�(�� �š�Z���� ���À���v�š�� �Á���•�� �����‰�š�µ�Œ������ ���Ç�� ���� �À���Z�]���o���[�•��rear-view camera and was posted onto a social media site 
Xiaohongshu by user @JZ. The vehicle was heading northbound on Burrard Street and drove past the location 
on Burrard Street, before stopping at the traffic light at West Cordova Street. 

26. The video footage captures the initial explosions and flame looking backward from the vehicle. Still captures of 
the video illustrate the incident in Figure 7. The imaging captures the explosion, which occurred over 
approximately 2 seconds, before subsequently burning. No visible irregularities prior to the explosion are 
observable in the video. Time estimates are best estimates based on time in video image and frame counting. 

27. The timestamp shown in the video footage aligns almost exactly with the time of the explosion recorded by 
BCH, at approximately 6:06:22 pm on February 24, 2023, assuming the time clocks on the different devices are 
aligned. 

 
Figure 7: Still captures from video footage of explosion event. 

3.5 Witness Documentation 

28. The VFRS Report (Case 230009317, attached as Appendix E) on this incident states that two members of the 
�‰�µ���o�]�����^�Á���Œ�����Á���o�l�]�v�P���•�}�µ�š�Z���]�v���(�Œ�}�v�š���}�(���ï�ñ�ï Burrard when they heard and saw a large explosion. The witnesses 
�•�š���š�������š�Z���š���š�Z���Ç�����]�����v�}�š���•�������}�Œ���Z�����Œ�����v�Ç�š�Z�]�v�P���š�Z���š���]�v���]�����š���������v�����Æ�‰�o�}�•�]�}�v���Á���•���]�u�u�]�v���v�š�_�X 

29. An interview was conducted with a Cable Crew representative �š�}���^�Á���o�l �š�Z�Œ�}�µ�P�Z�_���š�Z�����‰�Œ�}�����•�•���}�(��inspecting and 
changing the oil in rotary switches. The interview occurred on May 5, 2023, at Powertech. Notes from the 
interview are attached in Appendix F. 

3.6 Field and Evidence Reviews 

30. Following the incident, two primary field investigations took place: 

a. An immediate post-incident response that included preliminary documentation, site survey, environmental 
containment and testing (February 25, 2023). V73 was secured by steel covers pending the investigation 
team establishing safety and environmental protocols for entry. 

b. An internal vault examination, documentation and preservation of evidence on February 28, 2023. Floor 
debris samples were secured from six locations by Powertech. Documentation and recovery of the 
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transformer, switches, cables, junction bars and the fuse cabinet were completed by SenezCo and BCH and 
catalogued and secured by Powertech (February 28, 2023). 

31. After the field reviews, the samples were analyzed inside Powertech labs. The list of laboratory examinations 
includes: 

a. Evidence examinations occurring inside Powertech Laboratory focused on the switch enclosures on March 
24th, April 4th, and April 12th, and May 26th, 2023. 

b. Radiographic inspection of three fuses using an X-Ray on April 12, 2023. 

c. Radiographic inspection of the switch contacts and insulating bars from Switch 2019 using an X-Ray on April 
24, 2023. 

d. Metallurgical analysis of the inside of the switch enclosures using Scanning Electron Microscopy/Energy 
Dispersive Spectroscopy on April 26, 2023. 

e. Infrared Spectroscopy (Fourier transform infrared) inspections onto a new and used gasket of similar age 
was conducted on April 27, 2023. 

f. A summary of laboratory testing findings is included in the Powertech Report. A list of evidence recovered 
for examination is included in Appendix G. 
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4.0 FIELD & EQUIPMENT DAMAGE OBSERVATIONS 

4.1 The Marine Building & Tenancies 

32. The primary fire damage to the Marine Building was on the east façade, opposite V73. The main entrance to the 
building was set back from the street and no significant observations of explosion or fire damage were noted. 
V73 was located opposite of the east building façade that protruded beyond the remainder of the façade. 
Immediately to the north and south of the JJBean Café, the building façade stepped back. 

33. The façade configuration meant that the predominant heat and fire damage was localized to a portion of the 
east façade of the building around the JJBean tenant space. Smoke damage was visible on the lower five storeys 
of the building façade, dominantly in front of the JJBean tenant and opposite V73 [Figure 8 and Figure 9]. 

34. The glass windows and door of JJBean were broken from the Incident, as seen in Figure 9. This likely occurred 
in combination with the initial explosion and the subsequent heat exposure from the fire. The glass above the 
doorway to JJBean had one pane broken, but two remained intact. 

35. Inside JJBean, there was heat damage along the interior walls and ceiling surrounding the damaged window 
[Figure 10], and smoke damage throughout the space [Figure 11]. The automatic sprinklers were all intact at 
the time of the initial site inspection meaning the smoke and heat from the fire in the vault was insufficient to 
fuse the sprinkler heads and cause water to flow. This aligns with the absence of water patterns on the walls 
around the sprinkler heads suggesting no sprinkler heads had been replaced. A dominant smoke pattern was 
observed at the south end of the upper windowpane immediately opposite V73 [Figure 10]. 

36. Tractor, the neighbouring restaurant to the north, had a recessed entranceway with multiple glass panels and 
doors and a glass awning. A glass door and a window panel of the restaurant were broken, as shown in Figure 
12. There was no evidence of significant heat and smoke damage within the restaurant. The glass awning (closer 
to the explosion) did not fail, and no sprinklers fused within the covered awning area or the restaurant. 

  
Figure 8: Marine Building façade damage. 

 
Figure 9: JJBean café east façade. 

 
Figure 10: JJBean interior smoke extension dominant through south end of window. 

 
Figure 11: JJBean interior looking north. 

Smoke 
infiltration 
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Figure 12: Images showing Tractor restaurant damage. 

4.2 Vault Damage 

37. The north wall of V73 was not structurally damaged and had limited soot deposition except in the northeast 
corner, below a small region of spalled concrete [Figure 13]. Similarly, the east wall at the north end had limited 
soot deposition. 

38. Above, behind and below Switch 2019 (SW2019), there is a clean burn on the wall and ceiling centered and 
dominant in alignment with the switch. The demarcation decreases on the ceiling above Switch 2018 (SW2018) 
and is largely diminished above the fuse box [Figure 14]. Similarly, the hot region associated with the clean burn 
is dominantly below SW2019, extends north below SW2018, but does not extend below the fuse box, where 
the wall has greater soot staining [Figure 18]. 

39. On the east wall, there is greater damage to the center opposite SW2019 extending south to the region of the 
vault between SW2019 and the transformer [Figure 15]. The red-phase cable connector block had melted to 
the floor along with the connecting cables. A portion of the yellow-phase connector block was also damaged 
and had fallen to the floor at the north end. 

40. Although there was some minor spalling in the northeast corner, the greatest damage to the vault concrete 
enclosure was to the midsection where large portions of concrete had spalled, exposing the reinforcing bar 
[Figure 16]. 

41. The south wall and the south end of the east and west walls had considerable soot deposition [Figure 17]. 
Compared with the center portion of the vault, the region around the transformer had less heat damage than 
the midsection of the vault, and the transformer and corresponding equipment did not identify signs of failure; 
save for the damage from fire exposure. 

42. The electrical cables were laying as bare conductors on the cable support brackets. Some of the cables at the 
south end behind the transformer still had portions of cable jacket remaining intact, but the vast majority of 
cables within the vault were exposed bare conductors, with no insulation or protective cover remaining. There 
were no signs of arcing, or overheating or fire patterns that align with a cable failure within the vault being the 
cause of the Incident. 

43. Based on the above, the post-fire burning was dominant to the west-center of the vault, around and below 
SW2019 wholly, and SW2018 partially. This also aligns with the soot demarcation in the JJBean store where 
smoke dominantly entered the premises through the south end of the upper window and the area of hardness 
testing of SW2019 (as documented in the Powertech Report). 

44. No abnormal substances or components were identified that are indicative of any penetration into the vault by 
foreign ignitable liquids, nor was there any indication of an intentional act such as vandalism or sabotage (see 
Powertech Report). 

  
Figure 13: V73 north wall. 

 
Figure 14: Ceiling on the west side at the north end of V73. 

 
Figure 15: East wall at the south showing cable connector blocks for different phases, and missing red phase connector block. 
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Figure 16: Vault structural damage. 

  
Figure 17: South end of V73. 

 
Figure 18: West wall rotary switches and fuse box. 

4.3 Transformer 

45. The transformer had three insulated supply cables terminating on the front face of the housing (north side) 
connecting to the fuse cabinet. Four sets of four insulated distribution cables exited the transformer at the back 
(south side) and connected to the secondary bus connectors on the east wall. 

46. Post-Incident, the cable conductors remained intact and connected to the transformer [Figure 19]. The three 
supply cables were no longer connected to the transformer and were on the ground in front of the transformer 
[Figure 20]. The paint on the transformer was heat damaged above the point of cable entry (yellow line 
superimposed on the figure). This aligns with the transformer being oil-filled above this line, meaning the oil 
remained in the transformer post-explosion prior to evaporating during the fire. 

47. A heat demarcation at the top of the transformer was dominant towards the front on both sides (as indicated 
by the yellow arrows in Figure 21). The remainder of the sides of the transformer are marginally heat discoloured 
and smoke-stained. This aligns with the fire developing from the front (north) of the transformer. 

48. The metal frame legs of the transformer were oxidized and corroded [Figure 22]. The right side of the base had 
the greatest damage, with the largest portion of the bar deteriorated, when compared to the other sides. This 
corrosion likely preceded the fire due to water infiltration into the vault. There was no indication of corrosion-
related leaking of oil onto the floor of the vault either pre-Incident or post-Incident. 

49. �d�Z���� �š�Œ���v�•�(�}�Œ�u���Œ�� ���}�v�š���]�v������ ���‰�‰�Œ�}�Æ�]�u���š���o�Ç�� �ò�ð�ì�>�� �}�(�� �]�v�•�µ�o���š�]�v�P�� �}�]�o�X�� �����,�[�•�� ���v�À�]�Œ�}�v�u���v�š���o�� ���}�v�š�Œ�����š�}�Œ�� �Œ�����}�À���Œ������
approximately 60L of the insulating oil (9 ppm PCB concentration). The remaining 580L of oil evaporated and 
combusted during the Incident. 

50. The inside of the transformer had the majority of the components intact with limited heat damage [Figure 23]. 
Melted insulation from penetrations pooled down onto the electrical components. 

51. In summary, there is no indication of electrical failure on the interior or exterior of the transformer. The physical 
damage to the transformer is therefore a consequence of the Incident. 

 
Figure 19: Transformer in the vault. 
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Figure 20: Transformer removed from vault: Left image - Front or north side; Right image - Back or south side. 

     

Figure 21: Sides of transformer (a) Left - east side (b) Right - west side. 

 
Figure 22: Transformer underside. 

 
Figure 23: Transformer inside. 

4.4 Fuse Cabinet 

52. The current-limiting-fuse (CLF) cabinet was installed electrically between the switches and the transformer. The 
cables went from the switches to the east wall at the north end and then connected through the CLF before 
going to the transformer. 

53. The CLF was installed on the west wall in the northwest corner of the cabinet [Figure 24]. The cabinet door had 
paint residue remaining with the dominant heat pattern to the south extending from the bottom on the exterior, 
and, on the interior, had paint peeling from the bottom left corner. 

54. These patterns are consistent with thermal exposure from below and to the south of the cabinet, as depicted 
by the yellow lines and arrows in the figures. Figure 25 depicts the front and back of the cabinet. The rust-like 
pattern on the back is likely due to being fastened to the wall and is unrelated to the Incident conditions. The 
remainder of the surface had soot staining on the paint, as did the right (north) side of the cabinet, which has 
less thermal exposure than the left side or front of the cabinet. 

55. The elbow terminals connecting the top and bottom of the cabinet were not connected, as shown in Figure 26. 
Segments of cable remained on the bottom of the CLF cabinet, which had an aligning heat pattern at the front 
left corner to the patterns on the front and south sides of the unit. 

56. Inside the CLF cabinet, all the components had fallen to the bottom. The fuses and connecting components were 
located in the debris at the bottom [Figure 27]. 

57. The fuses were measured and found not to have electrical continuity (meaning the fuses had fused). This is an 
expected consequence of the heat associated with the fire, and consequently, no conclusion can be drawn with 
the state of the fuses. 

58. Further examination of the fuses was completed by Powertech (see Appendix H). No observations associated 
with the fuse damage or transformer damage are indicative to being causal with respect to the Incident, and all 
damage was as expected due to exposure from a fire or pre-existing conditions due to age. 
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Figure 24: Front-left side of CLF (left); inside of cabinet door (right). 

     
Figure 25: Front of CLF cabinet (left); back-right side of CLF cabinet (right). 

  
Figure 26: Bottom of CLF cabinet showing broken cables (left); top of CLF cabinet (right). 

      
Figure 27: CLF cabinet inside (left); fuses and components found in debris at bottom (right). 

4.5 Switch 2018 (SW2018) 

59. Switch 2018 (SW2018) is the primary service switch for the vault (even numbers are normally electrically closed 
while odd numbers are normally open). SW2018 was found with its switch padlocked in the correct closed 
position as evidenced by the rectangular notch on the rotary dial on the outside (as opposed to notches with 
circular ends for padlocks). This position was confirmed when the lid of the switch was removed in follow-up 
examination [Figure 28]. 

60. The main supply cables enter through the paper-insulated lead-covered cable (PILC) termination which splits 
the phases of the cable and is fastened into three switch-blade assemblies composed of composite connector 
brackets that support a copper blade. The blades snap into contact forks on the service side when the rotary 
switch is closed, or to the ground side if it is desirable to ground the switch (not normally necessary) [Figure 28 
- right]. 

61. SW2018 contained approximately 120L of non-PCB insulating oil (Soltex 2288). No oil remained in the switch 
post-Incident. No significant deformation was observable on the structure of SW2018. The bolts securing the lid 
of SW2018 were fastened in the correct position and the switch remained anchored to the wall and on its 
supporting frame. 
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