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Transient evaluation using EMTP at one phase opening of the offsite power transformer

of the emergency power supply systems for nuclear power plants
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Abstract The emergency power supply systems of nuclear power plants for the object of
this research are critical to supply stable electric power to such systems as the emergency core
cooling system (ECCS) , and to maintain the safety of the nuclear power reactor; this was
apparent from the accident at Fukushima Daiichi Nuclear Power Plant. USNRC issued regulatory
documents (BL 2012-01, IN 2012-03) , and has commenced to review the problem which cannot
be detected by degraded-voltage protection relays such as new design vulnerability of the power
supply systems that are certain kind of winding structures and iron core structures when the one
phase open fault occurred without a ground fault of the transformer connected to the offsite power
supply system including when the offsite power supply side is a wye connection and load side is a
delta connection etc, . This research used simulation by the electro-magnetic transients program
(EMTP) and obtained findings that clearly specified the response at the time of power supply side
one phase open without ground fault of various winding structures and various iron core
structures of the three phase transformer and identified the important issue for the response of
emergency power supply systems and the safety related components of representative domestic
PWR plants when one phase open fault occurred without ground fault.

Keywords emergency power supply system, three phase transformer, open phase, NRC, EMTP
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TERVIEUEHLDOT, UTOLEMFICEEY I
L—va v ORREZFELRT.

(a) ¥YIal—yarofkh:
LR OFGR=/VEM Y (HEM), Hn
Y (E#HEHH) + ADLELMR
EH DOk = 3-leg stacked
EHELDETIV=EMTP ®/N{ 71 » §

PR

B =M £ 7
K= 0.5 8T A H2KH

XFMR

BCTRAN

40 HERGGREBRIX]

(b) ¥Ialb—>a yoOffE

P41, B4213, ZRENEESEIVEN, Ao
MHEEZRL, AMKMRORRIZBENT, &
JEDOZALA A v, 4318, ZIESIVEMN O %4
DMAMBIEER 2R L, A MKMEEE»S, A M
BIIZ 0(A), ez 2 MoBRIEEMT 5. 72,
ISR OO I 2 BHREAFIEIS L D, BWHPIIIKR
& ED.

WL L
ol L ]
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B RVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

044 0.46 048 0.50 052 054 [s] 056
(file Exa_16_YDY.2013.3.25.pl4; x-var ) vHV XB-vHV.XA  vHV XC-vHVXB  vHV XA-vHV.XC

41 ZERSMER (AJIM) MR
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M
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—
—

e

—— !

0.44 0.46 048 0.50 052 0.54 [s] 0.56
file Exa.16_YDY.2013.3.25.pl4; x-var t) v:LV XB-vLV. VLV.XC-vLV.XB  vLV XA-vLV.XC

[A]

044 046 048 050 052 054 056 [s] 058
(e Exa 16.YDY_2013.3.25 ok A e X0

P43 ZEEIVEM (AH) DMER

(c) %

X 41, 42 D& B Y BIEOELT—HBR (KAH)
EMBTAILRITELZ Y. M43 DBV EHROZE
1LiE® %73, RGN ER OB/ R 2L % BitstH
SEANS Z Lix, Witk Bbhs, 7z, WIS
BUY, AW Y OELHETHA.

(11) —AHMBER XM oy 32 —3va 611
(12 44)

YIal—vavpl_11id, YIalb—varp_
10 & [ U4, 50% ORI M (145MVA ()
K0.8)) EMABEDY I 2L —Ya vokiRe
EREIRT.

(a) YIa2al—Yarokt:
EIELROMM=VEM Y (), B
MY (HEHH) + A0%EER
DR 3-leg stacked
BHELRDETFNV=EMTP ONf 71 v K

2T 2

A= 50% B (145MVA (17%0.8))
KM= 0.5 T A MAKH

44 HOBURSHRIX

(b) ¥Ialb—>a yoOffE

B 45, 4613, TN TNEEGIVEN, Ao
MHEEZRL, AMKHFRORRIZBNT, &
JETIE, FEAERLRZ V. MA4T 1L, ZE&Ht
BHOFMHOEREZRL, AMRMEEEL»S, AM
WITIE 0(A), 4% 2 HOBEWIZHEML, A%
L3 5. X483, ZEHAFTHOLHOBREZRL,

LM OAM TH 5720, KMEL L MIEBERICDH 5
RN S,
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WA WA AWAWAN AWAWA AWAWAN AW WA Mo MNNW
VAV I T TN
RN IR RN AN AN IOV T T T
AL A A AL AAAAAAMA AL TV T
TR TR R TATR TR RTATRYRVEVATAN VY TR LT T T
AR RNL AR AN W WNANAN BT T B
ST A | ]
45 ZE#HIVEM (AJM) ofHEELE B 47 ZEg/VEN (CAM) oMHER

—
—
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<><

—
—
——
e

I T
T | Y L1
LAAA LA N
IVAVAVAVAVATAVAVAVAVRVAVRVAVAVAVAY
46 ZEZAMHE GEH) oHEEE M 48 2SI (M) oMER
(c) #% BEDYIaL—Ya v ORBREERELRT.
X 45, 46 ® & B Y BIEDOZEALT—HBIR (KH) (a) ¥YIal—varoft:
eI LI EIETERY. MA47T 0L B Y HEM BIE# OGS EM Y (EHEH), fAn
(AJIH) OMERTHIETE 5. MY (HEHH) + ADREEMR
EH DOk = 5-leg stacked
(12) —AMBR RH) o> 32— 3 12 BHELBRDETFNV=EMTP ®Nf 71 v K
(X 49) LA
BI_10 & FBRICEE SRS, AR Y, Ay B = A
+ ATH AN, EEZROHLE 5-leg stacked & L7 RA= 0.5 8T A FHAR

XFMR

BCTRAN

49 HUBURTIRIX
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(b) YI2b—T a3 ryofEH w A A A | i A i
50, X511 ZHZNEELEAEM, Mo N N VW0 D W)
HBEE 2R L, A MK SORZIBWT, & MY R J v

FEDZEALA 4 2w, X 521&, 2 BRAMEM o &A1
DML RETZ R L, AMRABELD S, A H A
BIIX 0(A), a2 2 HoERITIEMT 5. 72, B
LR L DIFIE R R L D, BIRBEIEIEK
X ED. (o LDY 2010 8 g0l v ADOOZA MR MO  oXBo-HvAG D0

—

217

52 ZEGIVEN (AH) OHER

AAAAARAAAAARAN (© %% )

N B IRE IR IR IR NN 50, 51 ®&BYEEOELT—HBR (KH)
i R B EETE AL, RS20 LB ) BROL

MR b o, SRR HOBUN £ A i

\ LA Z 1L, WL Ebs, T, WEIEH
U A A

(13) —HMBK KM oy 32— 3 613
50 ZEasEM (A1) oHEEE (1 53)

YIial—Yaypl 131, YIalb—Tvavpl
12 L[ UM, 50% 0B fa (145MVA ()
AAPAAAAAAAA AA F0.8) #MATGAEDY I 2L —va ViEREE
/\{X BEIRT.

(a) YIal—Yarofh:

V]

NN AR AN BIERORMSIEN Y (HHHH), 3
AA AA AA AA AA A WY (EEHH) + A0%EER
VYV VTV VUV VIV UV L2 D #k 0= 5-leg stacked

T T R S RO EIEGDETN=EMTP ONA 7Y v F

T B
51 %E%&ﬁﬁﬁ“ (Hﬂ]ﬁﬂ) @*HF%%E ﬁﬁ:SO%ﬁﬁ (145MVA (jja}fnog))

KA= 0.5 8T A MAKH

X0009 LV XE THV X

SR S5 T i} ﬁ ) 432 kV
t . = O

53 HUBLRTIRIX
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(b) ¥Ial—varofff

B 54, P55, ZNTNEEGEIVEN, Ao
MHEEZRL, AMRHMEERED? S, 10%REOHE
JEAR TSR 5N 5. 56 1%, ZEHIVEM O &MHD
Bz L, AMKHEEE2 S, AAEREZ 0(A),
a7 2 M OERIBIL, A LILs 5. K57
3, AESHATHoORHOBEREZRL, #IEE oA
Thbz0, FMHELELBBHERICD BRI TN
5.
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i
e

P55 ZEREHN (IR O AR

P56 ZHEIVEM (AH) OMER

X 57 ZEGHEUER (M) ORI

(c) &%

X 54, 55 ® & B BEDOEL TR (KH)
ZMETA2ZLRTE RV, 56 DL B HEN
(AJI) OMBHR TR TE 5.

(14) EHNRET T v boBEHF—HBEK (KH) o
TAFEABMIEAY I 2L — 3 6 14 (M 58)
ENRET 7 ¥ b OREBEOREICEIR 2 5T
LEFERAVEM (ADH) o—HMERMDOD %IRHICH
W, BEFEAMETHHEL, ECCS % L4l
WEANESGEEE) L 72358 OEE 8B X O eBE AN o
BEEYIaL—Ya L
(a) YIalb—Yarosfh:
BIE OGRS EM Y, BHHY + A0
B EABR
Dk = 5-leg stacked
R DZE= 38MVA
EE 2 O — K EIE= 515k V
B2 D _IREITE= 6.9kV
R 2 O — R R = B
ZEE i D R P b= T b (180 Q)
222 D JE W F= 60Hz
KD ETIN=EMTP ®/N4 71 » §
AR
A= 50%AM (19MVA (J1%0.8)) +
BEENG T & By
KM= 0.5 T A MAKH
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P59, 6013, ThZNAERAMEAT TREOIEM
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bbb d, 10%REDOELLT THS. K611
ERMRATE TR EMOFAHEIRZ R L, kﬁ@
AMERIZ0(A), 4% 2 MHoOBERITHEML, (AH
LT 5. K623, EHMRAT T ROAMH O
HFHERZRL, FHEEBRAMTOLET, EiLLH
JED B BIERDNEAL L 2y, 3 b BB O AP
&, BEOAPEHI ) RELS 2D, KM63, 6413, £
NEN O WH S EAMBEATL T ETOHNENL L UHA
mMOEMB X OC=MEFTEDZRT. X65 6613,
RO, ThENKMZ LD 0WHh LAk
ASET ETONEMN DL X RGO & & =HEFHE
N#ERY. FMOENZ, EEFHLTWL7207

77 ETENTER Y, K67, 681X, ThZEh 0
AL ASE T £ TOAVEM B L BRI o Rt
MEBEWREZRT. 7B, REPZWEE, PYECERIE
FEAERNZ W, 69, 701, ThENXKMEHD
BLOR LORKAMEEROMEEZ, Vs 2R
3. KDY oG, EERH B X RN, B
HPHICHERE S B2, BEEOFEA bV 2 25, 120Hz
DR IR EVIRIECTIRE 5. K71, 721F, £
NZENKMHD ) B L 075 Lo KEEHE T E iz o
BILZ/RT. KDY 06, KHMHZG L OERE
LT, e ZHHOEMRD 30%RERMmML, KL
THOERIL 30% R ERWMAT 5.
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62 DL BYAPMEA 0% RELKEL 2D, &5
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72858 ® LOCA 7 & o3 ECCS 7 &4 M
R AB LI THENPEL N E 2572

<P RS IR LG R, KRR
L OBAR S C5 A LRE R RO Y > T
BOY— B OIEZ AT b Zh b DOROELE
AR DR &) ISR 5 2 L SRS RT
BY, SRR W RREEE LA TS,

3. &

OEEZHD Y B XL AKRO MM EE 22T,
BIOYY #EMICAOZEERE MR EE Y
Ialb—Ya UCHERL:. ToRE, WEM (K
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stacked, HAHZLEE % 3) O, SVEM (A))
Y, &l (7)) Y (3-leg stacked) D& B X
OHVEM Y, AW Y + ADZREEM (3-leg stack-
ed, 5-leg stacked) D¥&id, BEDOEILIC X 2
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