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Constellation Energy piloted the EPRI/U.S. Nuclear Regulatory Commission (NRC) high-energy arcing
fault (HEAF) methodology, which helps assess the risk of longer duration electrical faults in switchgear
and bus ducts. The trial of the new methodology from EPRI’s Risk and Safety Management (RSM) team
provided valuable feedback to help make the final publication of the method more practical..

Benefits

Constellation was an early adopter of the HEAF methodology and worked in a short timeframe to
begin rollout of the new method across the fleet. Constellation supported the development of the new
HEAF methodology by serving as a pilot, they understood the benefits that the method would have

in improving realism in fire PRA modeling. Constellation recognized that the method improved their
understanding of plant risk, and they provided valuable feedback to the EPRI team. This collaboration
helped confirm the acceptability of the methodology for industry use.

After implementing EPRI's High Energy Arcing Fault Frequency and Consequence Modeling research,
Constellation quickly incorporated the method into two plant fire models and is continuing to
implement it at all sites in the fleet. Shortly after the full incorporation of the HEAF method at the first
two plants, the organization was faced with two separate plant issues that required risk insights from
the fire risk models. In both cases, the realism introduced into the fire models by the updated HEAF
methodology resulted in improved fire risk metrics.

Application

Constellation piloted the HEAF methodology in a plant while it was still in draft form. In just a six-month
timeframe, the team performed walkdowns and gathered plant-specific inputs to fully implement the
method. Throughout the process, Constellation worked with EPRI to clarify portions of the methodology,
helping to ensure its practical application industry-wide.

Using the new HEAF methodology, Constellation was able to credit fault clearing times in the HEAF
analysis (rather than assuming a worst-case zone of influence) and also better assign frequency
based on where HEAFs are more likely to occur. This resulted in a more realistic view of long-duration
electrical faults and their contribution to fire risk. Ultimately, this realism will guide decision makers to
focus on the most risk-significant systems and equipment.

The HEAF methodology can be found here:
« High Energy Arcing Fault Frequency and Consequence Modeling, 3002025942 (NUREG-2262).

kdim% 10°
Generatorstep- | Switchyard 3.3
Generator ~__ _up transformer -

N7,

Goeneralor circutt breeker”

3

2.7

v Auxiliary Station
| 1T 1 transformer [~ transformer

i J =T PV EF IVIE [ ) 1IN L ;: 'r .“ "A . - — - - = - - ” 3 3 o -
— - - . ] | ey - = 4 4 0 . .

Zone BDUAT 1T " s 1|1 Zone BDSA . - s : X

j naler | i
l 2 el S >

2.1

1.8

MV svitchgear

Zone BD1 1.9

Bus duct

Zone BD1

Bus duct

Zone 2

MV switchgear

1.2

0.9

-
|
|
|
[
|
I
I
L
|
I

0.6

W20 Goun
70 ne B r;’ r
Ana 11 ' S En e
Sl BEEGH 23056000
Sto
1ansforemie
Low wOIBCe
Zone LVBD I \NO.
Bug duct a
r. omm oam o DR —
B s i ) NO
Zone 3 :

ot | PP
Figure 1 Figure 2
Electrical distribution zones as defined in Contour plot of the Fire Dynamics Simulator results for
EPRI 3002025942 (NUREG-2262). a 0 s stiff, 15 s decay arc at a bus duct elbow. Magenta

contours are the 15 MJ/m? and 30 MJ/m? target fragility
thresholds applicable to thermoplastic (TP) and
thermoset (TS) cables.

Ignition_ Location within Fault clearing time End State  End State Frequency

Generator fed GF

Fed by auxiliary
Normal suooly (0.57 transformer 0 to 2 seconds SAT2 5.66E-09
2.01 to 3 seconds SAT3 (1.62E-04
3.01 to 4 seconds SAT4 w/o GCB)
> 4 seconds SATMAX

Generator fed GF
Fed by auxiliary
Secondary supply (0.28 ansforme
0 to oCoNd SAT2 7.95E-05
2.01 to 3 seconds SAT3
3.01 to 4 seconds SAT4
> 4 seconds SATMAX

0 - 0.5 sec + generator fed GF
UAT (outside diferential | 0.51 - 2 sec + generator fed UAT2
_ protection)
Fault in load breaker or g ' 2.01 - 3 sec + generator fed UAT3
MBB fed via "stuck
normal supply breaker > 3 sec + generator fed UATMAX

(09 3.84E-06

0 to 2 seconds SATZ2
2.01 to 3 seconds SAT3

3.01 to 4 seconds SAT4
>4 seconds SATMAX

MBB with Zone 1 bus 2 seconds or less SBL2
supply circuit breaker
interrupting (.91 Betwveen 2.01 to 3 seconds SBL3 3.87E-05
Default/generic (4 seconds or less SBL4

Example of detailed methodology for Zone 1
(medium-voltage switchgear) HEAFs.

Figure 4

Figure 3

Particle distribution at various times for a 233 MJ
HEAF in medium-voltage switchgear.
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