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Explosion & Fire on Burrard Street at BCH V73 PRIVILEGED AND CONFIDENTDHVELOPED IN PREPARATION FOR LITIGATION

1.0 EXECUTIVE SUMMARY

On February 242023,an explosion and fire occurred in downtown Vancouver outside 353 Burrard Streiele an

electrical vault Senez Consulting Ltd. was retained by BC Hydrootmuct a third-party investigation into this
incident. The electrical vault contained an oil filled transformer as well as two oil filled swittheanetal enclosure
of the standby switch was observed to have the largesbunt ofdeformation.

This reportestablished thathis incident was a result @bntaminatedinsulatingoil inside an oil filled switciihe key
factors aresummarized as follows

X It was found that the only possible cause of the explosion would baildup of combustible gases inside
Switch 2019.

X Thiscombustible gavuildup was a result of partial discharges of electrical energy into the insgtzti The
discharge process releases energy into the oil, wbactiseghe oil to break down and form combustible gases.

x For partial discharges to occur, the insulationigbof the insulating oihaddeteriorated.Either over time, or
with contamination, the oibroke down andlost its insulating properties.

X The contaminatioroccurred due to a leaking gasket in the lidloé switch. This wasaused by incompatible
produds andpotential contaminationof the sealcompromising thanitrogen pressurizationand etching the
surface of the enamelled paiimside the switch

X This allowed for corrosion to occur in the steel below the surface of the paint allgwirtigles of iron and
iron-oxide to mix with the ojlleading to partial discharges and the accumulation of combustible gases in the
tank, which ignited and caused trexplosionand subsequenfire.

X A review of theBC HydraWork Procedureidentified the following gaps

0 There was limited guidance gaquired visual inspections and when to replace a gasketdefined
replacement partsand no end-of-life timing for the giskets This left field crews to find gasket repair
solutions that wereinsufficient and involvedncompatible materials(e.g., unknown Nebar and
silicone) This was found to ba contributingfactor leading to the failure.

0 An oilesting program that was not updated to refletihanges in standards, was limitadcontrols
and tracking, and not incorporiaig trending Monitoring of oil integrity was therefore a function of
operational diligencén the absence of a more robugtogram.A more thorough program may have
identified gasketsealng issues had the details of the pressurized tanks been tradkatda specific
correlationto this Incidentwas notidentified.

Explosion & Fire Analysis Reconstruction
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2.0 GENERAL 2.4 Scope of Report

51 Incident Summary 12. The scopef this reportis to document theinvestigaton ofthe cause of the explosicand firethat occurredon
' February24, 2083 ~ }oo S]A oCU §Z ~/v ] vS8
1. Anexplosion and fire occurréd electricalVault 0073 (W 3)in front of 353 Burrard Stredthe Marine Building)
on February 242023,shortly after6 pm.The vault is part of the BC Hydro (BCH) distribution network supplying

power to BCH customeris the downtown core.

2. Vancouver Fire & Rescue Servif¢BRS)esponded to the incident along witBRCH and Fortis BC emergency
crews.TheVFFSreport for Case#23009137establishedhe event to be’AccidentalX _ s&Z~ A « v}§ JvA}oA v
the follow-up investigation.

3. According to VFR®® members of the public werajured with burnsto their hands and faceAs of February
25, 2023, B.C. Emergency He&#trvices told CBC that the two patients were in stable condlitiohno further
details or information has been made available to BCH

4. The explosiorcaused multipleglass windowgo break, and the subsequent fire caused hedamageto the
exterior fagadeof tenanciesin the adjacent buildingThe affected tenantwithin the Marine Biildingincludea
JJBearoffee shop andhe Tractorrestaurant.The reported injurieselated topedestrians walking along the
sidewalk when the explosiomccurred There wereno reported injuriesto any of theoccupantsin the Marine

Building
5. V73 contained twoelectrical feeders two oil-filled switches, afuse box a transformerand corresponding
cablingand connectorsd supplypower tothe equipment andhen distribute §} ,[¢ v peS}lu E-
6. V73is located under the sidevilaon thewest side oBurrard Streebutside the Marine Buildingrhe location Figurel: Google Earth image showigproximatelocation ofV'73 in orange circle

of V73can be seerfrom Google Earttarial viewin Figurel, or street view inFigure2. The vault is situated
outside a coffee shop (JJBeaad vell as the neighbouring restaurantracto, both of which weraffected by
the incident.

7. Thevault isapproximately8 ft below street levelnd has ampproximatefootprint areaof 5 ft by 15 ft, covered
by concrete sidewalk inserts approximatélyn.thickand a metal utility hole cove©ne of the concrete inserts
included four metal gratesmbeddedwithin to provide natural ventilation to theault.

2.2 About this Report

8. Paragraphs are sequeniiianumbered,and headings are provideid this reportfor reference and have no
meaning other tharconveniencdor the reader

2.3 ResponsibleEngineer forReport

9. | am Peter Senez, thresponsible engineer fdhe content of thisreport, and a Professional Engineer with over
30years of experience in fire engineering, fire science, and fire investigation. My experience includes being a
firefighter, fire inspector, fire engineer and fire investigator. | have been practicing ag @ngineering
consultant since 1993 andonductingforensic investigations since 1999, including numerous deflagration
explosions and failures involving industrial and power equipnesits relevant to this matter

10. My first university degree is in mechaal engineering (with a specialization in Machine Design) from Concordia Figure2: Google Earth Image showing the location of Wv8range circle

University (1993) in Montreal, aricsubsequently completed a Mastgrdegree in Fire Protection Engineering
from the University of British Columbia. Currently, | am pursuing PruBlieston a partime basis studying fuel
volatility and ventilatiodimited fires at the University of Waterloo. There, | also instruct a course in Advanced
Fire Investigation for Fire Engineers.

11. A copy of my resume is includedAppendix A
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3.0 POST INCIDENATA GATHERING

3.1
13.

14.
15.

16.

17.

18.

19.

3.2
20.

21.

22.

3.3

General

BCH assembled a technical teamstgpport data gathering for the incidenthis inclueéd investigators fom

Senez Consulting Ltd. (Senez@mwertech,key engineers and technical staff from BGHd fieldcrewsto

support siteactivities 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 fielddivities.

SenezCwasinitially contacted orfFebruary25, 2023,and first attended the scene dfebruary25, 202.

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

X Investigation into Explosion of RAL Switch at BCH Vault 073, prepared by Stuart Chambers, Powertech
Z %}ES /| W>zidliAaXi6 ~3Z A wJuile@ad\ppendix®g WEsSreport. This report includes
additional testing and commentary forming part of the investigation including otedminetallurgical and
oil integrity analysis.

x BCH Engineering Repatthe ‘BCH_Repor), included asAppendix C which describes theelectrical
configuration and system protection and includescillography of the circust involved and the
corresponding interpretation of the result§he oscillography is illustrated Figure3.

The force othe explosion raised theoverson V73 The 5 ft by 5 ftconcretesidewalk inserthad been lifted
anddisplaced as shown itfrigure4.

The grates located in the south concrete insert wereditind displaced to the soutland theconcreteinsert
had been lifted and fallen into the vault landing on top of the transformi@e north concreteinsert was
displaced up and to the northresting diagonallyrom its original position, #t - 10 ft.

The utility grate and opening were lifted and displaced to the northwest landing on the sidewalk and the
storefront patiq shown in theop right corner ofFigure4.

Theapproximate layout of thelectrical equipmentn thevault, post eventis shown irFigureb.

Relay and Sensor Data

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 C&3F21and CSQ2F51Irespectively.

The sensors recorded to @axcessive of 8000 amps, for both circuits, at 6:06:22.4 pm and 6:06:23.6 pm for
Circuit CSQ25F21 and Circuit C3Q5F11 respectively.

An electrical single line diagram for V73 is provideigure6.

Pre-Incident Vault Condition

23. Photographic documentation on November 24, 2@21/73 is available ptfire in Street Vault Inspection Report,

included inAppendix D

24. 35 original digital photographs frothe inspectionvere also obtained.

Explosion & Fire Analysis Reconstruction
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Figure3: Oscillography of circuits connecting to3/7

Figure4: Photo array showing vault debris displacement.

Page2
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34 Video of theEvent

25. s] } }( 8Z A vs3 A« % 3pE rear@iew camérhamd[was posted ontca social media site
Xiaohongshiby user @JZThe vehicle was heading northbound on Burrard Staeet drove past the location
on Burrad Steet, before stopping at th traffic lightat West CordovaStreet.

26. The video footage captures the initial explosi@msl flamelooking backward from the vehicl&till capture of
the video illustrate the incidenin Figure 7. The imaging captures the explosjowhich occurred over
approximately 2 seconddefore subsequently burningNo visible irregularities prior to the explosion are
observable in the videdime estimatesare best estimates based on time in video image and frame counting.

27. The timestamp shown in the video footage aligiisiost exactlywith the time of the explosion recorded by
BCH at approximately6:06:22 pm on February 24, 2028&suming the time clocks on the different devices are
aligned

Figure5:Vault V0073 Layout after the explosion

Figure7: Still captures fronvideofootage of explosion event

35 Witness Documentation

28. The VFRS Report (Case 230009317, attachéghendix B on this incident states that two members of the
%u 0] “A E& A ol]vP «}uSBurfardEervtiey heiiid and saw a large explosion. The witnesses
*§8§ 8§23838z2C ] v}ise }E Z & vGSZ]vP §Z S ]v ] § V A%o0}e]}v A <]

29. Aninterview was conducted with Cable @w representative$} "A A E}uPZ_ §Z itep&Ecling-and (
changing the oil irotary switches.The interview occurred on May 2023 at Powertech. Notes from the
interview are attachedn Appendix F

3.6 Field and EvidencReviews

30. Following the incidenttwo primaryfield investigatiors took place:

a. An mmediate postincident responsé¢hat includedpreliminary documentation, site survey, environmental
Figure6: Vault V0073 Single Line Diagram containment and testingFebruary 25, 2023)/73was secured by steel covers pending the investigation
team establishing safety and environmental protocols for entry.

b. An internal \ault examination, doementation and preservation of eviden@n February 28, 202Floor
debris samples were secured from six locations by Powertech. Documentation and recovery of the

Explosion & Fire Analysis Reconstruction 2300129001-0| June 7, 2023
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transformer, switches, cables, junction bars and the fuse calbweet completed by SenezCa@BCH and
catalogued and secured by Powertdéfebruary 28, 2023).

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

a. Evidence examinations occurring inside Powertech Laboratory fo@rséte switch enclosures on March
24", April 4" and April 12, andMay 26", 2023.

b. Radiographic inspection of three fuses using d&aX on April 12, 2023.

c. Radiographic inspection of the switch contacts and insulating bars$mtoh 2019using an XRay on April
24, 2023.

d. Metallurgical analysis of the insidg the switch enclosures using Scanning Electron Microscopy/Energy
Dispersive Spectroscopy on April 2623

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

f. A summary ofaboratorytesting findings is included in the Powertech RepArtist of evidence recovered
for examination is included iAppendix G

Explosion & Fire Analysis Reconstruction 2300129001-0| June 7, 2023
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4.0

4.1
32.

33.

34.

35.

36.

FIELD &QQUIPMENDAMAGEOBSERVATIONS

The Marine Building & Tenancies

The primary fire damag® the Marine Building was on theastfacade oppositeV73 The main entrance to the

building was seback from the street and no significant observations of explosion or fire damage were noted.

V73 was locateapposite of the east buildingfacade thatprotruded beyond the remainder of the facade.
Immediately to the nortrand southof the JJBean Café, the building facade ptgback.

The facade configuration meant that theredominant heat and fire damage whcalizedto a portion of the
eastfacade of the buildingroundthe JJBean tenant spac@noke damagevasvisibleonthe lowerfive storeys
of the buildingfagade dominantlyin front of the JJBean tenaand opposite V73Figure8 and Figure9].

The glass windows and door &iBeanvere broken from the Incidentas seen ifrigure9. Thislikely occurred
in combination with the initial explosion and the subsequent heat exposure from theTfieglass above the
doorwayto JJBeahad one pandroken, but tworemairedintact

InsideJJBeanthere was heat damage along the interior walls ameilingsurrounding the damaged window
[Figurel1Q], and smoke damagthroughout the spacgFigurell]. The automatic sprinklers werl intact at
the time of the initial site inspectiomeaning thesmoke and heat from the fire in the vault was insufficient to
fuse the sprinkler heads and cause water to fldWis aligns with the absence of water patteors the walls
around the sprinkler headsuggesting no sprinkler heads had beaeplaced A dominant smoke patterwas
observedat the south end of the uppe~rindowpaneimmediately opposite V7@-igurel(].

Tractor, the neighbouring restauratd the north, had arecessedentranceway with multiple glass panels and
doors and a glass awning glass dooand a window panebdf the restaurantwere broken,asshownin Figure
12. There was no evidence of significant heat and smoke damage within the restalinarglass awning (closer
to the explosion) did nofiail, and no sprinklers fused within the covered awning aseshe restaurant

Figure8: Marine Buildingacade damage

Explosion & Fire Analysis Reconstruction
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Figure9: JJBearafé east facade.

Pages

Figurel0: JJBean interior smolextension dominant through south end of window

Figurell: JJBean interior looking north.
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4.2
37.

38.

39.

40.

41.

42.

43.

44.

Figurel2: Images showing@ractorrestaurant damage.

Vault Damage

Thenorth wall of V73 was not structurally damaged and tiadted soot deposition except in the northeast
corner, below a small region of spalled concreffégurel3]. Similarly, the east wall at the north end had limited
soot deposition.

Above behind and below8witch 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 &niteh 2018 (SW2018
and is largely diminished above the fuse Peigurel4]. Similarly, the hot region associated with the clean burn
is dominantly below SW2019, extends north below2818, but does not extend below the fuse box, where
the wall ha greater soot staining-jgurel8].

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 transformé&idqurel15]. The redphase cable connector block had melted to

the floor along with theconnecting cables. Aoption of the yellowphase connector block was aldamaged
andhadfallen to the floor at the north end.

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

The south wall and the south end of the east and west wallsdwesiderable soot depositiorFigure17).
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.

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

Based on the above, the peBte burning was dominant to the wesenter of the vault, around and below
SW2019 wholly, and SW2018 partially. Tdis aligns with the soot demarcation in the JJBean store where
smoke dominantly entered the premises through the south end of the upper wiredwhthearea ofhardness
testing of SW2019 (as documented in the Powertech Régport

No abnormal substances orroponents were identified that are indicative ofyapenetration into the vault by
foreign ignitable liquids, nor was there any indication of an intentional act such as vandalism or sgbetage
Powertech Repojt

Explosion & Fire Analysis Reconstruction

Figurels:
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Figurel3: V73north wall.

Figurel4: Ceiling on the west side at the north end of V73.

Blue

f

RedConnector
Block(melted and
fallen to floor)

East wall at the soutehowing cable connector blocks for different phases, and missing red phase connector block.
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Figurel6: Vaultstructural damage

Figurel7: South end of V73.

Figurel8: West wall rotary switches and fuse box.

Explosion & Fire Analysis Reconstruction

PRIVILEGED AND CONFIDENTDEYVELOPED IN PREPARATION FOR LITIGATION Page7
4.3 Transformer
45. The transformer had three insulated supply cables terminating on the front face of the housing (north side)

46.

47.

48.

49.

50.

51.

connecting to the fuse cabindtour 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.

Post-Incident the cable conductors remained intact and connected to the transforrrggyre19]. The three
supply cablesvere no longer connectetb 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 beinfilledl above this line, meaning the oil
remaned in the transformer posexplosion prior to evaporating during the fire.

A heat demarcation at the top of the transformemasdominant towards the front on both sides (as indicated
by the yellow arrows ifrigure21). Theremainder of the sides of the transformaremarginally heat discoloured
and smokestained. This aligns with the fire developing from the front (north) of the transformer.

The meal frame legs of the transformer were oxidized and corroffeigure22]. The right side of the base had
the greatest damage, with the largest portiofthe bar deteriorated, when compared to the other sides. This
corrosion likely preceded the fire due to water infiltration into the vailltere was nandicationof corrosion
related leaking of oil onto the floor of theault either prelncident or postincident.

dZ SE& ve(}E&u & }vsS ]v %0 %o E}AE]Ju S 0C 00i> }( Jvepo S]JvP }]oX e
approximately 60L of the insulating ¢ ppm PCB concentratianlfhe remaining 580bf oil evaporated and
combusted during théncident.

The inside of the transformer had the majority of the components intact with limited heat dankager§23).
Melted insulation from penetrabns pooled down onto the electrical components.

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.

Figurel9: Transformer in thevault.
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Figure20: Transformer removed fromault: Left image Frontor north side; Right imageBackor south side.

4.4
52.

53.

54.

Figure21: Sides of transformer (a) Lefeast side (b) Rightwest side.

Explosion & Fire AnaligsReconstruction

Figure22: Transformer underside

55.

56.

57.

58.

Figure23: Transformerinside

Fuse Cabinet

The currentlimiting-fuse (CLFcabinet 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.

The CLF was installed on the west wath@northwest corner of the cabineEjgure24]. The cabinet door had
paint residue remaining with the dominant heat pattern to the soexttending from the bottom on the exterior,
and, on the interior, had paint peeling from the bottom left corner.

These patterns are consistent with thermal exposure from below and to the south of the cabinet, as depicted
by the yellow lines and arrows ingHfigures Figure25 depicts the front and back of theabinet The rustike
pattern on the back is likely due to being fastened to the w&ad is urelated to the Incident conditions. The
remainder of the surface had soot staining on the paint, as did the right (nsidepf the cabinet, which has

less thermal exposure than the left side or front of the cabinet.

The elbow terminals connecting the top and bottom of the cabinet were not connected, as sh&iguia26.
Segments of cable remained on the bottorntike 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.

Inside the CLF cabinet, all the components had fallen to the bottom. The fuses and connecting components were
located n the debris at the bottomHigure27].

The fuses were measured and found tmthave 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 thefuses.

Further examination of the fuses was completed by Bdach (seeAppendix H. No observations associated
with the fuse damager transformer damagare indicative to being causal with respect to theittent, and all
damage was as expected due to exposure from a fire oegigting conditions due to age.

23001290010 June 7, 2023



Explosion & Fire on Burrard Street at BCH V73 PRIVILEGED AND CONFIDENTDHVELOPED IN PREPARATION FOR LITIGATION Paged

Figure24: Frontleft side of CLF (leftinside of cabinet door (right)

Figure25: Front of CLF cabinet (leffackright side of CLF cabinet (right).

Explosion & Fire Analysis Reconstruction

4.5
59.

60.

61.

Figure26: Bottom of CLF cabinet showing broken calfleft); top of CLF cabinet (right).

Figure27: CLFcabinet inside (left)fuses and components found in debris at bottom (right).

Switch 2018 (SW2018)

Switch 201§SW2018js the primary service switch for thault (even numbers are normally electrically closed
while odd numbers are normally oper§\W2018 was found with its switch padlocked in the correct closed
position as evidenced by tivectangular notch on theotary dal on the outsidgas opposed to notches with
circular ends for padlocks)his position was confirmed when the lid of the switch was removed in felipw
examination Figure28].

The main supply cablesnter through the paperinsulated leaecovered cableRILG termination which splits

the phases of the cable and is fastened into three swiilglie assemblies composed of composite connector
brackets that support a copper blade. The blades snhap into contact forks on the service side when the rotary
switch is closed, or to thground side if it is desirable to ground the switch (not normally necesgéigyre28

- right].

SW2018 contained approximately 1P@f nonPCB indating oil (Soltex 2288). No oil remained in the switch
postIncident. No significant deformation was observable on the structuré\#®.8. The bolts securing the lid
of SW2018 were fastened in the correct position and the switch remaiaedhored to the wall and on its
supporting frame.
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