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Detroit Fire: Context

> Project was undergoing a phased but piece-
meal multi-year modernization program:
o Bridge crane
o Main Unit Breaker replacement completed in 2004

o Rewinding Detroit generators
Unit 1 was almost complete — but was still out of service

o« SCADA control upgrades

o 13.8 kV station service breaker replacement project
just completed

o Station service distribution transformer and 480 volt
switchgear replacement planned but not yet started



Detroit Fire Immediate Cause
Under-rated Surge Arresters 2004

> A contract modification added arresters to temporarily protect

several old transformers that would not be replaced until the next
phase.

> 12.7kV MCOV proposed and approved.
> 10.2kV MCOV installed (10 sec @13.8kV).




Detroit Fire Causal Analysis
18 June Event Sequence

» Ground fault comes in
hard.

> Big CIiff unit trips as
designed.

> XJ2, XJ3, XJS trip as
designed.

> Lights go out.
> Operator gets help.
> Lighting restored.




Detroit Fire Causal Analysis
Start of Fire

Operator re-closed the circuit
breaker energizing the firmly
faulted bus.

13.8kV ground fault still there.

Surge Arresters see high
voltage.

Surge Arresters burn.
Reactor limits fault current

No relay action since operator
did not restart the tripped
generator

|




Detroit Fire Causal Analysis
Relay Power Tagged Out, May 07

> Fire burns into XJ5
activating other
protective devices — but:

o A clearance had been
taken for the purpose of
performing some work on
T1 before U1 was
returned to service

o This unknowingly disabled
the secondary protective
system trip

o No line lock out relay
function.
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Detroit Fire Causal Analysis
Original Design — 1950’s

Unrealized plans for second
yard breaker.

Yard breaker only tripped by
T1 pilot wires or 86L1

T2 pilot wires do nothing.

86L2 must trip 86L1 to trip
yard Breaker

Compromise at the time based
on best practices, costs,
assumptions.




Detroit Fire Causal Analysis
Fire Propagation

> XJS Burns
> Still No Relay Action




Detroit Fire Causal Analysis
Fire Propagation

> XJ9 Burns
> Still No Relay Action




Detroit Fire Causal Analysis
Energy Source Removed

» Bus burns to current limiting reactor.
» Current increases
» BPA over-current relay trips.




Failure Events: Summary
YAy -

. -

> BPA ground fault N

> New under-rated surge s
arresters burn © S

> 2 circuit breakers burn
> BCL bus melted T
> Fault bypasses reactor

> Substation breaker
clears the fault

> Soot and smoke
everywhere




Damage Assessment

> XJ9, XJ9 circuit breakers

> Surge arresters & capacitors

> Metering PTs, CTs

> Switchgear enclosures

> Portions of the isolated phase bus work

> Soot everywhere (environmental clean up
$2+M)

> Current estimate - $6.5m
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Electrical System Lessons Learned

> The critical need to keep electrical drawings up
to date

> The critical need to carefully evaluate every
modification phase in the full context of the
protection system operation

> The value of periodically revisiting electrical
protection schemes for each project

> The need to revisit clearance procedures to
iInsure they actually do not do more than
expected



Other Lessons Learned

> The need to provide more comprehensive
operating staff training, especially during
time of modernization

> The higher risk of multi-year phased piece-
meal modifications to operating electrical
distribution systems.

> The lower risk of a holistic system
replacement strategy




Things We Are Doing Different

> Redesigning the protective relay systems to
automatically isolate problems

o Reducing the steps an operator needs to take to
safely troubleshoot a station service power problem

o Decreasing the amount of special knowledge needed
to operate safely
> Adding new levels of protection that were not
cost effective in the past

o New multipurpose digital devices allow levels of
protection not affordable in the past




Things We Are Doing Different

> Carefully coordinating our protective relay
settings with BPA

> Implementing a system wide program to
revisit protective systems at each project

> Implementing a comprehensive program
to update critical project drawings




Things We Are Doing Different

> Improving station service control panel
switch labeling

> Improving the event recording part of our
SCADA



Questions?
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