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Abstract

High Energy Arcing Fault (hereinafter referred to as "HEAF") consists of an explosion
phenomenon in the first phase and an arc fire in the second phase. Regarding the response to arc fire
in the second phase, based on the knowledge obtained by the test results by the Regulatory Standard
and Research Department in the Secretariat of the Nuclear Regulation Authority (hereinafter referred
to as "S/NRA/R") etc., the 25th Nuclear Regulation Authority Meeting (July 19, 2017) decided to
amend the regulations regarding the prevention of arc fire and to establish a new review guide for
electrical cabinets design related to HEAF, which was promulgated (enacted) on August 8, 2017. On
the other hand, regarding the response to the explosion phenomenon in the first phase, safety
research and investigation will continue. New findings obtained will be considered for inclusion in
further regulatory standards as necessary (62nd Nuclear Regulation Authority Meeting, February 22,
2017).

Under these circumstances, the S/NRA/R conducted a test research project to understand
and evaluate the HEAF explosion phenomenon in the first phase using the test box to simulate an
actual electrical cabinet. As a result, two types of pressure rise were identified: pressure spike and
successive stable rise of low pressure. The pressure spike was observed in the initial stages of the
explosion and its cause was judged to be rapid air heating due to heat transfer from the arc discharge.
On the other hand, the successive stable rise of low pressure was observed after the pressure spike
and it was suggested that it be maintained by the build-up of metal vapor generated from the bus bar
by the heat of arc discharge. Furthermore, the progression of HEAF explosion phenomena was
inferred from the obtained findings.

This NRA Technical Report presents the research results on the explosion phenomenon of
HEAF and the analysis results of the zone of influence (ZOI) of HEAF, which is important for

evaluating the influence on adjacent equipment.
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Fig. 1.1 High energy arcing fault (HEAF) in electrical cabinet
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Fig. 2.2 An example of HEAF test using reference test box shown in Fig. 2.1
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Fig. 2.3 An example of explosion pressure using reference test box (0.583 m?) of copper bus
bar shown in Fig. 2.1
(a) Before test, (b) 0.000 s (0 kPa), (c) 0.009 s (88.9 kPa),
(d) 0.021 s (149.1 kPa), (e) 0.093 s (64.7 kPa), (f) 1.000 s (5.5 kPa)
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Fig. 2.4 High-speed camera images at each explosion pressure ((a) to (f) in Fig. 2.3)
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Fig. 2.5 Five test boxes with different internal volumes
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Fig. 2.6  Effect of test box volume on explosion pressure (For copper bus bar)
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Fig. 2.7 Test boxes with different top openings
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Fig. 2.8 Effect of top opening on explosion pressure (For copper bus bar)
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DR ERA @=a%E#% Q7 —IVMERE OFBEEEIEL
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Fig. 2.9 Inferred diagram of the progression of HEAF events inside and outside the test box
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i)
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i
)
T

#2.1 EEXMEDO HEAF REBRICB T 2BRES (F—IF) %

Table 2.1 Explosion pressure (gauge pressure) etc. in HEAF test of electrical cabinets

- ‘R BEERS AES E—-favba-Nt4s
HEAFBR %
BRENAR
1 B®2
REBEIR I
E(RIERE ;3
BALA S -]
BROBRKAEN 20.5+14.3kPa 31.7+13.0kPa 51.2+21.9kPa
EXICAELERRBHONEG | EFICERABOHOSNL, E&ICERIFBOONS.
EROZRS Motz ° ° Ifﬂ:&ﬂﬂ‘ﬂwznk.

H) R R ERTICB I e kv X —7 — 7 815 (HEAF) ([ZB93 %5047 ¢
https://warp.ndl.go.ip/info:ndljp/pid/11235834/www.nsr.go.ijp/data/000145383.pdf
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KBFEELIRNWT — 7 TR F— 2 FZIERABRIC LV RO TT — 27 KKDFAER IR D L
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MWT — 27 KEOFAEB IR D LEVEL Y /NS VWEIZAR D K 912, a0 B

Fa e L7 2028,

# 2.2 \ZEEFEHR D HEAF iR 2 F0ii Uik E L7 R 2 MBEOEXBICRB T 57 —7
KERFEAEBG IR D LEWE (RFEEILE) 27375 2, RARICTT B0, 7T—27 KK
FEAR IITER D L & WE O KIE 2 5 R (M/C) IZDW T 25MIIZR 2722 &0 b,
T — 7 KIS IR R B A OBEXBICE W TIL, HEAF N84 L LThiHENn5
T—7 ZFF =L, 25MIBLTF & D, 7eE. M/C, P/C, MCC U M/C(D/G)Tlx, &
RBEORE IR CIADME (BHAER), FEERMEEDOZEIZLY | 77— 7 kKA IR
5 LEWEREL-TVD,

F£22 HEREOT — 7 KERAEFIEOT —7 TR )LF—0D L& VMHE

Table 2.2 Arc energy threshold for preventing arc fire on each electrical cabinet

F—KEFEERIELELE (MJ) F—ONEHBRELENDIZRRDT—YIRILF—(MJ)
M/C 25 25.3
P/C 18 18.9
MCGC 44 449
M/C(D/G) 16 16.6

M/C : EEEFE, PIC: NU—tkt % MCC: Et—%—arbtu—Ltvr % DIG: I
T 4 — BB
) JR- DSBS, 5 993 MR- I3 EATOF A EEE A EICRLIFEESS Y
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Fig. 2.10 Relationship between metal bus bar weight loss and arc energy
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Table 2.3 Relationship between arc energy and copper bus bar weight loss

F—OBERME | 7—OTRAN— | ARROWRE | mmanmin | G
(s) (MJ) (@ (&/MJ) O
0 0 0 0 -
0.106 45 51 11.3 1.0
0519 14.0 388 27.7 2.5
1.06 24.6 857 34.8 3.1
2.06 45.8 1945 425 38
PR DT — S EEL (0106 s) DT — TR F— G5 M) EEEL LT,
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Fig. 2.11 Traces of metal vapor generated inside the test box adhering to the wall surface

15



SRAROBRERT, RBRAIBZOEEZ(EIORDD ZENTEX DN, R R E
25 &, BRBROBREIL, 7T —7 23V X — (BEME., EEBIRIE, 7 — 7 KERRE)
LOEERBOME @, 7VvI=U L) « A RZKRELKFT D, £DT-, HEAF
DB OBRERITIR T HHEENCBIT H2EBEBIBICL > TRELERDZ LG, A
FH~DOEEEL ZIUENE LT 5, LR - T, FEXBRITE T 28 ~D B BN —
LT neD, RBRTH LN B MOEREREZ RICR TR ELZMT 5
TENEYEBZONDLN, XV RKBICEHEZ1T O 72DITERE S LI LROR 2%
JELEA~OBBEE AT HILERD D,

%% L LT, HEAF OBERBZIZE T 2 BG B O FIED—F] 13 2 L FITRT,

- HEAF FFICRAT HEBAKOETHREELBOR N OEHT 5 L IKET 5, =

ZT. @RAKOENEIT, @RUHROBEEECRHT S, £, EXEORNE
T, BESBICEAOMEEZLEMNT 2,

TS B RAKOREIL. FOBEOBA (FlZIX, #2570 C, 7TAHI=U AL
2518 C) & L., @AM AN O BE S ICHT 5 LIRET D, 7o, HEAF
DIER B G NRPAEIN KT T EIT, BRI 6 L e RAK OB ALK
BRIKNTHRAEL TWD T — 7 REEND ORMNASENEA L LD TH D EIRET
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3.2 HEAF OEBEZZT 52RHICHR I KEDOBREENEE

R D & 30 . HEAF (2485 7 — 27 KK OFAPS IEIC BT 2 BN O GIES '8 AT S
N2 L a2 T, BRI EFTOBGIRIGR L 2 5 ERMETIE. 7 — 27 KEFAER LK
RPERSN TS0, HEAF ELT-E LTSNS T — 27 =¥ —I%, 25
MJ LLFiZ722 > T 5,

HEAF @ ZOl DRl %72 . HEAF D% 4 %15 2 B DB SO W TORE OB G
W RN EETIEEDORR) 2% 3.1 18T 3, KEOBRBREUEICEHIT 5 L& VEIE,
Kikfw (X —7 v b)) ~OEFHTF L — MI/m?) TREINTEY, BEEIZ L0 IEHR
BVE S — T VRO VI =y KRR — R (RNAZ T R) O LEWEE, 15 MI/m?
EINTVD, ZDO7d, A NRA HiftflE 2B 5 ZOI Al CiX, 25MI UL F DT — 7 =
FF—IZ81F % HEAF OBEFRBRGICK T 2 EXE CORMREDOHW O L & Wi (LT

MTEEEEO LEWME] Lv),) X, KEOBEEEED S L, XVRTFHNRLEWETH
% 15 MI/m* &2 %,

# 3.1 HEAF (2% 5 {E 5 HUE
Table 3.1 Target fragility thresholds related to HEAF

5—5 I OWE T
TP jacketed cables (BART#{E4S—T L) 15
TS jacketed cables (BEIL{Er—T L) 30
Aluminum enclosedbus ducts (7 JLE=) LBI/NRF 1) 15
Steel enclosedbus ducts ($HZ/ 24 91) 30

TP: Thermoplastic, TS: Thermoset

HiH#)  Target Fragilities for Equipment Vulnerable to High Energy Arcing Faults*

19



33 25MILNTFOT7 —27 =XV F—IZBi} %5 HEAF OBEREBLEITxT 5 201 OHEEH
4 2.1 OEEAERBIRIZH T 2B MOBREREIL, 210177 LB 7 —7 = )LF
— 23 25 MI 2B W T, $id 857 g (13.5 mol). TAAi:WlA%Bg (22.1 mol) FEETH -
Too Flo, TA XOREVEEBFBOT VI =7 AREREOGEITIE, RAROBEEEIL L
V=N NOE ﬁff%otoé%:\AEiﬁ®mﬂ%%Kﬁﬁﬁ%%®ﬁ%m
WIZERAET D56 0@ BAKRBRIKN OB E LTOEMREEO N Z L &b,
RO EBARKOEHEIL, EEICIT, 2BROBERLY L/ SWEIC/R D,
e A U D RS A R BRE L T AR A (W BRI ME 7 KV, FEAGETE 23 kA, T —7
T AT =25 M) (7 — 7 JRER 15)) IZBWVWT, RRBRAER LY 2 < OHIZEK 1,000
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fHék A. HEAF RBRER K ORRT — ¥
Al K[EKEMARBRS

S/NRA/ROHEAFRER T, L IS RIKE A U A_R=TMF v L7 > M2 H HKEMA
AREBREACEMi L7, 728, OECD/NEA HEAF 7' 11 ¥ = 7 h oK EINRC b [A]_EiRBRIG I T
HEAF#BR 2 FEfi L T\ 5,

KEMA | abs ==

High Power and High Voltage Test Facility in US

Your #1 Resource for Electrical Testing

Our Lab offers many testing services including, but not limited to, high-power short-circuit
testing both AC and DC, high-voltage testing, synthetic testing, thermal testing, impulse
testing, and more.

The High Power Lab can generate short circuit values up to 245kV/63kA. The High Voltage
Lab complements the High Power Lab with dielectric testing services up to 230kV. Combined,

these facilities test virtually any device at the distribution and sub-transmission level in the
US power grid.

Al CK[E KEMA #BR S5 O 2
Fig. A.1 Overview of the KEMA Laboratories in the US
) CREKEMARERY; D Web < — 24!
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A2 KEKEMARERSG DT A~
KEKEMARBRIZICIZ9>DT A w3 dh 5, A EIOHEAFRE TliNo. 9D T A k&L
(KA.2, KA3) ZfEH LT,

A2 CK[E KEMA #BRY; D No. 9 7 2 ~E/L
Fig. A.2 No. 9 test cell at KEMA Laboratories in the US

A3 No.9 7 A MEANOEET
Fig. A.3 Inside the No. 9 test cell

33
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HEAFRBRIZEB W CTEXRICT — 7 MEEKESTEDERO BIEME & LT, EEERE
ERETHVEND D, FEEERMIL, MR ETH5EIBOZEMHERE L TWDEE
JEZRD —RMIERET & BB ELSOEKA v E—F v AL > THEIH LT,
PIF., SBRMBICET D EMKERMEOFE T FIEICOW TR,
IEZ RO ERETR 1. SAHEREEWR OEREEVNLRD -,
L=W/ (V 3%V, -« < (A])

To: B 28 RO EHETR[A]. W: A ERR B E[VA]. VoK EE[V]

F7-. FHE ERRKO ZMHERKERLIL. BEA v E—F U RAZEOEK B HRD
7=,

IL=1ox100/Z -+ - (A2)

TIo: —FHEASE BIT[A]. lo: EFSEIL[A]l. ZE/EA B — X 2 A [%]

ZIT, B =R LR, BIESRO A A ERE S ERE T RN EE S

FInL . R O &R AN EAE BN 72 o Te RO — RO FEIE & RN O EREBIE L DA
HRPRTRLIZLDTH D,
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AHEAFRER Tld. MAAICRTELREIE 2 742,
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G /ﬂ_/%_ﬁ_\_/ ! /

! ™

N i A — " L § =

- ~ - N A E} o) - ,;:1‘,

%:T | 2

/—\ /’-\ _ ~ :

[ ------ ) —JT
35!"‘)[/ ~13 1§Iﬂ7l/ bal e e
bl V7O, AAUF E THRAE

A4 HEAF #BR(C I 7= R
Fig. A.4 Electrical circuit used in HEAF tests
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A5 FEUERBR KO S X
FAEABRAR DL X & A SR,

TOP VIEW
[IE 0
@ yd <

SECTION A-A

FRONT VIEW SIDEMIEW

° - N o
o Y 4 o
BOTTOM VIEW SECTION B-B

X A5 JEAERBR (AR O H X

Fig. A.5 Elevation of reference test box
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A6 WEBD R D550 (M2.5) OFE
WEFRED R D5 >DORBRIKDEE % KA .61Z 777,

0.891m? 1.183m3
(19) K& 025~2(84%) 2)

A6 HNEBOERLD S SORBRIKOEE

Fig. A.6 Photos of five test boxes with different internal volumes
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A7 BB OER O R 5 EBRIK (X2.7) DEE
FEBE O o B 2 BRIK DO BEE % XA TIZRT,

Top view

Side view

EROmE 1 ~3E. O 1~3@

X A7 EEBE A O R 2RO TR
Fig. A.7 Photos of test boxes with different top openings
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A8 BN ONT VI = AR OB R
HEMEESTUAY) T LSRR LERT LI = A BOEE 2 F N FNIXAK
AT RT,

HER

BELEE

X A8 HEEMEETUALYY T LR

Fig. A.8 Copper bus bars wired with conductive wire

IO LB

BEMEE

X A9 HEEMEHETIAYI T LETIVI = LR

Fig. A.9 Aluminum bus bars wired with conductive wire
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A9 HEHH

HEAFFBRIC I 1 5 EHEH % 2 RA TR T,

AL WEHEHSE
Table A.1  Measurement item
AEHE B K OE Y — b % e
1 R
4 247K
la. B\FEXF (TC) 2 Nanmac 4 D12 P BVEE it
2 K/ A X TC
1b. ZEEIEE Y Y — 5ty b | WBIEOREICAEY T
2. =7
2a. EH N T U AT 2— 2 Omega PX309 > U 2> 0-50 psi 7 —
PRI 1 R RPN S 1 8 35 2 PCB PZ-type 0-50 psi pressure %7 — 3
3. BN R/BAEE
) 6 ASTM F 1959 ¥EH#L (BA 1 &R~ & o g 50
3a. AT« hml) A—=H .
cm, =& 32cm)
3b. SWRI DB 4 2o |z heyy (AR S ORE 50
cm, =& 32cm)
4. ETAROEHE
4a. FMIHED AT 1 R 500 7 L — A
4b. ORI A Z 2 FLIR T420/HT
de. RMRBEED A T 1y b | @ffEE (HD) A 7 CRERE)E 4 i
5. HH 1Ey b | BB EHRAT% T5ERY
6. M
6o LI | 155 it R FE 4y s (Bartington Mag 690 3-
axis magnetic flux density analyzer)
7. EIE/ERBEIZHE 1ty b
8. H#E 1 AR AT % 12 RERR O B A I E
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A.10 FBIE - EIREIEEO—H

WML TkV, FAEERIE 23 kVE OEMEREM2sORESRETT — 7 B LR EIHE
HEAFRBR 21T - 1 EE - BIMEREO—H %2 KA 101277, eBHA10E, K235 0K
2ADHEAFFRBRO LD TH %

2000
100
1000 M-

= Pt

0

_WMWWWMWWWWWWWMW

Voltage [V]

-1000 - ]
SAB00 e
-2000

0.0 0.5 1.0 1.5 2.0

60

40 -

20 ~

Current [kA]

Arc energy [MJ]

0.0 0.5 1.0 1.5 2.0

Arc discharge duration [s]

A10 X 23 KT 2.4 O HEAF iREBRICIIT 2 EE - EREIE, 7—27 U — 7 —
J T RILF—
Fig. A.10 Voltage and current waveforms, arc power, and arc energy in the HEAF test shown in

Fig. 2.3 and 2.4
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A1l

RER T — 4

HEAFRBRE DT — X ZFRA2~A4ITRT,

F£A2 NEHEOHERD

PBR{R)|Z B9 5 HEAF

BT — 2 (X2.600FT —4)

Table A.2  HEAF test data for five boxes with different internal volumes (Data from Fig. 2.6)
7 A hNo. AR (P A WAL o FNEVIL) e
(m?) ) (kPa)
1 0.148 0.25 232
2 0.302 0.5 152
3 0.583 1 184 SLAEER BRI
4 0.891 1.5 119
5 1.183 2. 98

O FERBR O FE 0.0579 m2 148, DEIHIEERREM 7kV., EREERREM 23 kVE D
FEAGIRF R EME 25, OHERRZE £15%

FA3  EEHBAOED R 7 H3ERANZEI 9 HDHEAFRERY T — % (X2.8DFT —4)

Table A.3  HEAF test data for boxes with different top openings (Data from Fig. 2.8)
7 A FNo. | L#EsBIAmAE | LHBH DAL | B O RREFO e
(m?*) ) (fizh) (kPa)
1 0.0579 1 1 168 FEUERBR (A
2 0.1158 2 1 101
3 0.1737 3 1 96
4 0.0579 1 2 103
5 0.1158 2 2 77
6 0.0579 1 3 87
7 0.1737 3 3 57

DEBR IR 25750.583 m3, DHIMAE LR EMET kV., A& E R EME23 kV L)

BIRE R ER EAE2 s, QW TiaZEL 15 %
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FAA B OBFEREICET HDHEAFRBR T — % (K2.1007 — %)
Table A.4  HEATF test data on metal bus bar loss (Data from Fig. 2.10)

T AN | B | BEDY | BRSO | T2 ME | T % | ERERO ik
No. | & V) (A) IFFHIY (s) NF— (J) | HEEE ()
1 Cu 1238 23.7 0.106 4.5 51 IEYER BRI
2 Cu 843 22.8 0.519 14.0 388 IEAER BRI
3 Cu 828 223 1.06 24.6 857 IEAER BRI
4 Al 1105 23.8 0.106 3.9 37 FLHERBRR
5 Al 838 22.9 0.519 123 227 IEAERBR K
6 Al 811 223 1.06 232 595 JEAE R A
7 Al 882 21.4 1.13 26.5 316 e AR R
VYRR EMET KV, DRI, OFLAE IR E 23 kV.,

DTS REEX E(E0.1/0.5/1 s
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kA BEXR—FE

A-1 KEKEMARERY; D Web~—
https://www.cesi.it/labs/chalfont/ (202541 H 16 H #58)

A2 R ARHIER S NRA BAfiilE ., R AREEITICBT 2@ f ¥ =7 —7 18
% (HEAF) (ZB83 2% 3#7). NTEC-2016-1002, “F-/%284F.
https://warp.ndl.go.jp/info:ndljp/pid/11235834/www.nsr.go.jp/data/000145383.pdf

(2025 4 1 H 16 HHERR)
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201746 H 13 H
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201748 H 8 H

20184-10H 15H

2021410 H

FALE RS LR S FE BT 51 1 THEAFF R JE A B-1B2
FALE RS L)NR A )BT 151 O = I 4 R L7
HEAFZBRAIT 78 BA 455

F16[EIEL AR SRR (2 THEAFIZ B3 2 224012 D T B4 B
#3200 51 S & B 22 (2 CTHEAFIZBE 9~ 5 2 2R 2812 DU TR B
NRAH i 5 NTEC-2016-1002 (S/NRA/ROHEAFRERT — &) AFB7
FS[EHANE BRFT R TT — 7 KR FERITxHT B 13 EFT O
PRk AR 5T L ORI & 4% Ot i I DU TR B35
HF520[E FAN 1B SR ET 2212 3 THEAF % ZE56H i B fi 1 i 5 1081
NUREG/IA-0470 Volume 1 (S/NRA/RDOHEAFiRERT — %) /AFKB 12

F22 B S MR ET R IC B W THEAFICE T 2 ¥ 7 U v 2R
BIOSHOFIGITHONT (R) Fagb 31

23 ARG MR ET 2 IC B W THEAFICE T 2 ¥ 7 U o 7k
BXOSEORRITOWNT () Fab 15816

Fo2ERF OB ZER I TET XX —7 — 7 HIGICIR D EHIE
AR B OV OB IR Jita 3% 00 Bty BB L2 B9 2 B3 o0 —H g E 40
IZZN S DERGFEFE IOV THFRED

Fiml (mmxxF—7 —748E) HEMZEMAICET 2 FEEE RO
MU tR 5588

Frml (morx—7 —27481E) FRHEGRICET 2 FEEE RO
BUCFR DR AEY

F2SERF IS E AR I TET 2L ¥ —T — 7 15 (HEAF) 2% 5
Fz 3T R R 747 K OV O B & il 5% o B it 2 12 B 5 2 BLAISE O E
EE\ O T B0

BT AL —T — 7 85 (HEAF) (24% 5 R A BRI 715 K OZ Ot
B it 3¢ 0D Bty HE U B9 2 KRR 5 D e iE S (K ST AR B 1k et 3R 0 ALl ~
DHELGA) B2
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B.3 OECD/NEAHEAF” o> =7 k
OECD/NEAHEAF~”' 1 ¥ =7 hOIF#HIZ. LLTFOWeb— ¥ TARH & 41 Tu5B60,

ABOUTUS TOPICS NEWSANDRESOURCES LEARNING AND TOOLS

High Energy Arcing Fault Events

(HEAF) Project

Participants

K

Project period

February 2019-June 2024

Contacts

MARKUS BEILMANN

A cabinet containing copper bus before the HEAF test (left) and after the test(right). Source: NRC

Tags

Massive electrical discharges, referred to as high energy arcing faults (HEAF), have occurred in nuclear power

plant switching off components throughout the world. These incidents have been increasing because of ageing
infrastructures and growing energy demand. Co-ordinated by the US Nuclear Regulatory Commission (NRC), the
HEAF Project was initiated in 2012 to perform experiments on a variety of electrical cabinets in order to obtain y

scientific data on HEAF phenomena through carefully designed experiments. Phase 1 of the HEAF project was
completed in 2016. The report concluded with recommendations for areas requiring further testing, in particular
to better understand the importance of specific variables such as bus bar material, operating voltage, current and
arc duration on the severity of the HEAF.

In February 2017, an International Phenomena Identification and Ranking Table (PIRT) exercise was held to iden-
tify phenomena of the highest importance with the least amount of knowledge available on HEAF events. This
exercise tentatively identified aluminium oxidation, pressure effects, the characteristics of target structures and
mitigating factors (e.g. HEAF shields) as being areas for further research. Discussions were completed with rep-
resentatives from ten partners in nine countries to initiate a second phase of the project. The current, second
phase of the project (2019-2024) comprises electrical enclosures and bus ducts tests. Electrical enclosure tests
have been designed using the same enclosure configuration for repeatability and based on typical plant design
for representativeness. Some of the enclosures were dismounted from nuclear power plants under decommis-
sioning to be tested in the project. The bus bar tests were designed for a known and reliable arc location and
plasma ejection direction. Due to the COVID-19 pandemic, first tests had been postponed to the middle of 2022.
A first series of six tests was conducted at the end of August 2022 together with additional domestic tests. The
focus of these tests was on bus bar and bus duct, comparing material effect between aluminium and copper.

B.1 OECD/NEAHEAF 71 ¥ =7 s DIE#
Fig. B.1 Information on the OECD/NEA HEAF Project
Hi#t) OECD/NEAHEAF 7' 1 ¥ = 27 k(D Web<— 7800
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B.4 K[ENRCOHEAFHFZE
KIENRCOHEAFHFFEIZBET D 1F#IL. LL T DOWebX— 3 TR S 4L T 5801

FAQ | AGREEMENT STATES | FACILITY LOCATOR | WHAT'S NEW | SITE HELP | INDEXA-Z | CONTACTUS | EMAIL UPDATES

N U S' R'C REPORT A SAFETY CONCERN m
States Nuclear R atory Commission

Protecting People and the Environment

f YinNES & oo v m

NUCLEAR REACTORS NUCLEAR MATERIALS RADIOACTIVE WASTE NUCLEAR SECURITY  PUBLIC MEETINGS & INVOLVEMENT

LR Z g ABOUT NRC

Home » About NRC » How We Regulate » Research » Fire Research Program

+ Navigation NRC High Energy Arc Fault (HEAF) Research

Fire Research Projects

Recent News / Upcoming Events
Collaborative Research
June 6t 2023: The presentations from the NRC/EPRI HEAF Workshop, held May 17th-18th, are now available in
NRC High Energy Arc Fault ADAMS (ML23150A023 (7). The NRC/EPRI working group will track questions and issues with the guidance in
(HEAF) Research NUREG-2262/EPRI 3002025942 "High Energy Arcing Fault Frequency and Consequence Modeling." If there is
sufficient interest, a follow-up workshop may be scheduled. You can submit questions or issues by filling out the
NUREG-2262 / EPRI 3002025942 Issue Tracker [Exi@) form

April 301 2023: The NRC's Office of Nuclear Regulatory Research has published NUREG-2262 [, "High Energy
Arcing Fault Frequency and Consequence Modeling."

March 29% 2023 The NRC's Office of Nuclear Regulatory Research will be hosting a public workshop on high
energy arcing faults on May 17™ and 18™. This two-day workshop will focus on improving realism in the modeling
of high energy arcing faults (HEAFs). Presenters will include members of the joint NRC/EPRI working group
responsible for the development of the updated HEAF probabilistic risk assessment (PRA) methodology. The first
A _ day will focus on operating experience and the development of the data, tools, models, and updated methodology

{ S POtl |g ht and the second day will be dedicated to the methodology's application. For more information on this workshop
and instructions for registration, please see the public meeting announcement

Choose a Section 2 March 14 2023: The NRC's Office of Nuclear Reactor Regulation has published Information Notice (IN) 2023-

01, "Risk Insights from High Energy Arcing Fault Operating Experience and Analyses." The Information Notice is
available in ADAMS (ML22326A204 )

February 14 2023: The NRC’s Office of Nuclear Regulatory Research has published Research Information
Letter (RIL) 2023-01 @"Predicting High Energy Arcing Fault Zones of Influence for Aluminum Using an Arc Flash

Modelinn Annrnach

B.2 ¥[E NRC 23515 5 HEAF 5%
Fig. B.2 NRC HEAF research
H) K[ENRCIZ BT 5 HEAFHFZE D Web<— 27861
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BEXMR—HE
HALE RS, THRAGHLT RSP R e OV DR IS4 L T2 IS B3 2
BN F T FEEFTORBUZ SN T, RALE RSB ERL, Fpk234F.
MR AREKBEE] ¥ — U EEHT 1 Bm EEER S R ek g R
B2 472 U — (NUCIA) i@% 11314, #&EEFEERS 2010-H4L-MO11Rev.4.
http://www.nucia.jp/nucia/kn/KnTroubleView.do?troubleld=11314

(2025 4 1 H 16 HHERR)

MSLATBOENIR T F1 2 A A . TR SR D & AL IR 2 i - 3Bk &%
EHFGEAEWR (CFERL 24 42%) . INES-RE-2013-0001-Rev.1, pp. 369-376. ik 25 4F.
https://warp.da.ndl.go.jp/info:ndljp/pid/10207746/www.nsr.go.jp/archive/jnes/content/00
0125907.pdf (2025 4 1 A 16 Hfifei®

IR DR REE BN 7 — T 2 e EBRE (VAT Aeafy) £,

= RV —7 — 7 185 (HEAF) IZB T 2 L& FIC >0 T (hE vy 7 20) 1,
16 P WG = EEH6-6, 274
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000125423 .pdf

(202541 H 16 A e a8

JEF-FIBUHIT . S 16InI B 1 SRR i L | 25 16[mH T I it = | P pR274F.
https://warp.da.ndl.go.ip/info:ndljp/pid/12348280/www.nra.go.jp/data/000125424.pdf

(202541 7 16 H 78

RV, TR L —7 — 7185 (HEAF) ([ZB84 2 ZEHFEIC OV T (F
) 1. 3 32 MR E RS, B2, Ak 27 4.
https://warp.ndl.go.jp/info:ndljp/pid/11235834/www.nsr.go.jp/data/000125486.pdf

(2025411 16 H fifgsd

JRFAIRHIZ RS, NRABA @S, RFORETICBIT 2m=rr¥—7 — 78
% (HEAF) (ZB93 %4347). NTEC-2016-1002, “F-h284F.
https://warp.ndl.go.jp/info:ndljp/pid/11235834/www.nsr.go.jp/data/000145383.pdf

(2025 4£ 1 H 16 H RS

JE - TR T - SRR R - DR AR R RE B R EIN R N — T et
MEBE (VAT DLZEEY) £ 17— 27 KEFERITHT D7 F DI EFT OIR#E
MR ET EOMB R & A% OXTIS ], FHISEI B fF e, Erhis-7, P28
&
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000144565.pdf

(202541 H 16 B fig72)

JEFJIRUHIT . S 18Il EAN E AR A e R | 25 18I H AT 1 it = | PRk 284F.

https://warp.da.ndl.go.ip/info:ndljp/pid/12348280/www.nra.go.ip/data/000144575.pdf
(2025411 16 H fifgsd

50


http://www.nucia.jp/nucia/kn/KnTroubleView.do?troubleId=11314
https://warp.da.ndl.go.jp/info:ndljp/pid/10207746/www.nsr.go.jp/archive/jnes/content/000125907.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/10207746/www.nsr.go.jp/archive/jnes/content/000125907.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000125423.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000125424.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11235834/www.nsr.go.jp/data/000125486.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11235834/www.nsr.go.jp/data/000145383.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000144565.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000144575.pdf
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https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/0001669
39.pdf (20254 1 A 16 HHER

Tsuchino, S., Kabashima, H., Turner, S., Mehta, S., Stroup, D., Melly, N., Taylor G., and

Gonzalez, F., “Nuclear Regulatory Authority Experimental Program to Characterize and

Understand High Energy Arcing Fault (HEAF) Phenomena”, NUREG/IA-0470 Volume 1,

August 2016.

https://www.nrc.gov/docs/ML1623/ML16235A163.pdf (2025 4 1 A 16 H &%)

JR R TR E B A A 70— T EA BARER . TR A S B ER J- J AR  4

EFE, (R X—7 — 2746 (HEAF) (ST H¥EFET U o 7 REB L O

ABOFIGITONT (R) |, H22EEAF R =, BE22-4, FR284F.

https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/0001728

22.pdf (202541 A 16 HHER

R BT, 22BN E e S A 2RI B et &, k28

£,

https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000172823.pdf
(2025411 16 H fifgsd

JRF BT REE B EAN AR R B R B AR, [ ror %

—7 — 27 8% (HEAF) IZBT 52FEE LT U 7RILEB KOS %D HISIZ DN T
(%) ). H23REBANFIRBRTT S, EF23-3, 284

https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/0001730

87.pdf (2025 4 1 7 16 H )

JEFIBIHIT . F23 R BA S AR S e 23R B eI =, k28

.

https://warp.da.ndl.go.ip/info:ndljp/pid/12348280/www.nra.go.jp/data/000173894.pdf
(20254F1 7 16 H fgR8)

JRFRET . Ta X —=7 — 7 BEITR 5 EMRENEF 5 LU O E

Jiti 55 D Bty FHE B 9 2 AN SE O —EEFE W NS T b DFRBEFICONT
(R) 1. #e2 Mg+ IMlHZERS. &2, ¥k 29 4.

https://warp.ndl.go.ip/info:ndljp/pid/11402581/www.nsr.go.ip/data/000179744.pdf
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https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000158359.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000158359.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000166939.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000166939.pdf
https://www.nrc.gov/docs/ML1623/ML16235A163.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000172822.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000172822.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000172823.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000173087.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000173087.pdf
https://warp.da.ndl.go.jp/info:ndljp/pid/12348280/www.nra.go.jp/data/000173894.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11402581/www.nsr.go.jp/data/000179744.pdf
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ERAFRES R, THEAF KSEHIE CIrkn i) (x4 2 FRH OBGRARILE &
S DX DWW T, BT 1A (Gopve—7— 7 8485 Hrki]
BRI T 2 FEERBROBRUMR 226, BB 14, Rk 29 4.
https://www.da.nra.go.jp/view/NRA022011488?contents=NRA022011488-002-
006#pdf=NRA022011488-002-006 (2025 4 1 A 16 H )
BREKEGR, [7—7 KIERRHHIT T 2 FEEZRIEICHOWT, HTT)
BETE 2 B (B —7 —27481E) Frllbl BB 2 F A 5 W ORHE
(CER DA EEE2-2, FRk 29 4.
https://www.da.nra.go.jp/view/NRA022011489?contents=NRA022011489-002-
003#pdf=NRA022011489-002-004 (2025 £ 1 H 16 HfEs¥)
JEFDRET Tam =7 —7 BEITHR D EMARERETF LU OME
fit 3% D Befr B HE B4 2 BLAISE O — I SOESF IS 2V T () 1, 56 25 [l 171 KLl
ZE&, EE L. R 29 4
https://www.da.nra.go.jp/view/NRA001001439?contents=NRA001001439-002-002
(2025 £ 1 A 16 HERE
BRFEXEEAR, (M xX—7 =75 (HEAR)IZHE 5 KIS RICHR D #3658
DEFLZARBUZ DN T JRFHRENTH 3 8] (B r L —7 — 7 51{5) FrkiH
ZAFICET 2 A FROBERIAE D 26 EE 32, TR 30 4.
https://www.da.nra.go.jp/view/NRA022011490?contents=NRA022011490-002-004
(2025 4£ 1 H 16 H R
Kabashima, H., Kasahara, F., Eguch, H., Mehta, S., Stroup, D., Melly, N., and Turner, S.,

“Nuclear Regulatory Authority Experimental Program to Characterize and Understand

High Energy Arcing Fault (HEAF) Phenomena”, NUREG/IA-0470 Volume 2, 2021.

https://www.nrc.gov/docs/ML2129/ML21295A537.pdf (20254 1 A 16 H#ER)

JRF TR, T v =7 — 7 KB k). SO8HIAE 5 & o akae
Fk. AR 28 4F.

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000149757.pdf
(2025411 16 H fifgsd

JERF AT T —7 — 27 KEICBIT D mak) . SRLHIE % & o akae
Bk, AR 28 4F.
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000156047.pdf
(20254F1 7 16 H fgsd)

JRA BT, T X =7 — 27 KEIZBT Dk ). BORHIH % & o akae
B, Pk 28 AR
https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000160167.pdf
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https://www.da.nra.go.jp/view/NRA022011488?contents=NRA022011488-002-006#pdf=NRA022011488-002-006
https://www.da.nra.go.jp/view/NRA022011488?contents=NRA022011488-002-006#pdf=NRA022011488-002-006
https://www.da.nra.go.jp/view/NRA022011489?contents=NRA022011489-002-003#pdf=NRA022011489-002-004
https://www.da.nra.go.jp/view/NRA022011489?contents=NRA022011489-002-003#pdf=NRA022011489-002-004
https://www.da.nra.go.jp/view/NRA001001439?contents=NRA001001439-002-002
https://www.da.nra.go.jp/view/NRA022011490?contents=NRA022011490-002-004
https://www.nrc.gov/docs/ML2129/ML21295A537.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000149757.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000156047.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160167.pdf
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BT, TR —7 — 27 KEITHET DM TR €S & Ok, Bl
WIS & OmFFLER, K 28 4R

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160151.pdf
(202541 7 16 H w8

JRFORET, T r ¥ —7 —27 KRICBT 2 JAEA & O, #EH#E %
& DR, TR 28 .

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160154.pdf
(202541 16 H s

JEF T TR r v F—7 — 27 KEITBIT 2 8RS & Omak) . #RHE
% & OHRELER, TR 28 4F.

https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000160157.pdf
(20254£1 1 16 H ERR)

JRF DR T =7 — 27 KRBT 5 BARFIA & Omak) . #Hl#H
& OmBELER, TR 28 4

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160159.pdf
(2025411 16 H fifgrd

JR BT, TE X —7 — 27 KEIZCBT 2B dE & Ok, HBiHE %
& O, TR 28 .
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160156.pdf
(2025417 16 H g8

JRF AT T rvF—7 — 7 8GR 2 [EZHFFER R IE A B ART /)
WTIEBRASEREAE & DAk | BB # % & Om ka1 28 4.
https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ijp/data/000164492.pdf
(2025411 16 H fifgsd

JRF AT T rvF—7 — 7 85I 2 [EZHFFER R IE AN B ART /)
WFEBRFEREAE & OIHRR . B S & OmRRFE, PRk 28 4.
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000164644.pdf
(2025411 16 H fifgsd

A ABHT, TR rrF—7 —27 KEICHT 5 BWR FEE & ORI #HHB
il 5 & OmEmpELE. Rk 28 £F.
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000166162.pdf
(202541 H 16 B fig72)

JRFRT, TR —7 — 27 KEITE$ 25 PWR S8 L Ok, #H
il 5 & OmEmELE. Rk 28 £
https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000166165.pdf
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160151.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160154.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160157.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160159.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000160156.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000164492.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000164644.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000166162.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000166165.pdf
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000166993.pdf
(20254F1 7 16 H gd)
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000168240.pdf
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https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000170601.pdf
(2025411 16 H fifgrd

JRF DR T =7 — 27 KRBT 5 BARFIA & Omak) . #Hl#H
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000173243.pdf
(2025411 16 H fifgrd
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000175071.pdf
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https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ijp/data/000174464.pdf
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000175818.pdf
(2025411 16 H fifgsd
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000189015.pdf
(202541 7 16 H g8
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https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000176637.pdf
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000166993.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000168240.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000170601.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000173243.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000175071.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000174464.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000175818.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000189015.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000176637.pdf
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(20254F1 7 16 H gd)

T, TR x X =7 — 7 BEGICET 2B FREGRE L OmR],

WML 55 & O ARFLSR, TRk 29 4.

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000188116.pdf
(202541 16 H s

R ABET, TEerx =7 — 7 BEICHET 2 EAFRESRE & OER],

PR F 5 & DmEaRFCER, Rk 29 4.
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(2025411 16 H fifgsd

JRF BT, TE=r =7 — 7 BEICBT 2 LR F T3 EFTOREE ), #
Bl % & OmikGLek. Rk 29 £

https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000193481.pdf
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https://warp.ndl.go.ip/info:ndljp/pid/11837181/www.nsr.go.ip/data/000227712.pdf
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https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000189308.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000189323.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000184327.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000190931.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000193477.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000193481.pdf
https://warp.ndl.go.jp/info:ndljp/pid/11837181/www.nsr.go.jp/data/000227712.pdf
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