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Fast transfer to alternate source fails
Transformer tap changer failure
Voltage regulator failure
Synchronism check relay blocks

Grid fails to accommodate the loss of a nuclear unit

Solutions:
Contracts & Communication with grid operator
Shared knowledge on contingencies
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Cable failure at incoming power to a safety bus in
Fig 1 could take out power to both safety buses

Any uncleared bus failure, delay 1n clearing a fault
in the switchyard or transformer failure could take
out offsite power to two trains

Mitigation
Provide separate transformer & breaker for

N)IAITNO 14 NI A (1Al 1017 O = YO W

Thomas Koshy/ Office of
Research/USNRC



A TRANSMISSION
SYSTEM
SWITCHYARD . . .
Start up
A A A S Transformer
Y Y Y\
fYTY'\ Y Y'Y
Disconnect Auxiliary Transformer
YYY\rvyrnm
A
7

GENERATOR

NON CLASS 1E BUS A ) )

| NON CLASS 1E BUS B

| cLassiEBUSA |

|) l) ALTERNATE AC ) D)
| POWER | CLASS 1EBUS B |
EMERGENC é D) N )
Y DIESEL DIESEL EMERGENC s
GENERRATO GENERATOR Y DIESEL |:|
OR Other GENERATO
sources R




ONE LINE DIAGRAM FOR SINGLE UNIT NUCLEAR STATION

TRANSMISSION SYSTEM

AL
Y

3¢

Auxiliary Transformers
FULL LOAD

D,

R BREAKER [] /jv\ NTV\ NT-Y\ )
:

SWITCHYARD

Start up Transformers
T\ rYYYN I YYym

NNV

D,

NONCLASS 1E BUS A

GENERATOR

| D)

NON CLASS 1E BUS B

CLASS 1EBUS A |

EMERGEN
DIESEL

GENERATOR

) ) ALTERNATE

—

| CLASS 1EBUS B | )

| AC POWER
cyY ) I
DIESEL
GENERATOR
OR Other sources

p

EMERGENCY =
DIESEL |:|
GENERATOR




Interruption of a fault current higher than breaker
rating

Transformer lockout from overloads or protective
system

Breaker closing out-of-phase

Mitigation
Specify breakers for accommodating fault
current from all sources including grid
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Following a plant trip, safety bus receives power

when fast transfer / slow transfer 1s completed
(See Fig 1)

Mitigation
Instead of a disconnect switch at the generator

output, provide a breaker. Grid power will be

available immediately following the trip (see
Fig 2)
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Failure of inverter,

Switching failure (Fig 4)

Mitigation
Provide DC control and DC controls with
diesel generator back up

Provide DC vital bus with battery back
up
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Stuck breaker protection
Longer time to clear distant faults

Automatic reclosing of the breaker on to the faulted feeder

Mitigation

Increase protection at the cost of availability
Remove Aut0 reclosing of breakers

Reduce time for 1solating NPP switchyard

Add ground fault detection and 1solation in every
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Design enhancements can improve

Availability for safety buses

Reduce plant trips

Availability of instrument/vital buses
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