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Severe accident analysis of a representative LWR plant with MAAPS.01 and MELCOR2.1
- Comparison of station blackout analysis for a BWR-5/advanced Mark-1I containment
type plant -

Satoshi Nishimura, Ryoji Hiwatari, Masahiro Furuya and Yoshihisa Nishi

Abstract

In order to investigate the differences in characteristics of MAAPS5.01 and MELCOR2.1, which are dedicated codes to
evaluate severe accident progression, severe accident analyses for a TBU sequence (station blackout with no emergency
power supply and no recovery of short- and long-term A/C power) in a BWR-5/advanced Mark-II containment type plant
were conducted by using the two codes.

Based on the analysis that input settings of the decay heat of fuel, the failure criteria of fuel cladding and core support
plate, and zirconium — water interaction model are adjusted between these codes, the hydrodynamic response inside the
reactor pressure vessel (RPV) in the early phase (until the onset of fuel relocation) of the TBU sequence is shown to be in
good agreement. However, significant differences are observed in the onset timing of the major physical phenomena after the
core support plate failure. It is inferred that these disagreements are primarily caused by the differences in characteristics of
analytical models in each code, such as debris relocation, coolant channel blockage, entrainment and quench of the molten

debris jet in water pool, failure of the RPV lower head, and molten core — concrete interaction (MCCI).

(Nuclear Technology Research Laboratory Rep.No.L13006)
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Table 1 Characteristics of major severe accident analysis codes [1]
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Fig. 2.1-1 Typical phenomena in RPV treated by BWR model in MAAP code [5].
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Fig. 2.1-2 Typical phenomena in PCV treated by BWR model in MAAP code [5].
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Table 2.3-1 Comparison of major analytical models between MAAP and MELCOR [5]~[10] (cont’ d)
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£3-1 BRRRTS v rOELEH
Table 3-1 Major specifications of representative BWR plant

[RFHFR X BWR-5

iR PSS I Mark-Il g B &Y
EEEH B 3293 MW
B EEHRE 764
AEMBRERTH 2
[RFIFE D 6.93 MPa(G) (70.7 kg/cm?(G))
B AEIMRE 48.3 X103 t/h
AIRE 6.41 X 103 t/h
ARUBRE 286.1°C
fRKRE 6.34 X 103 t/h
HRKERE 215.6°C
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FHERAHD

L - ssmEmEEs

3-1 BWR-5 75 > ~ D RCS M#EERE [10]
Fig. 3-1 Typical appearance of RCS in BWR-5 [10].
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Fig. 3-2 Typical appearance of advanced Mark-I1I type PCV [11].
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#£5-1 TBUL—4RIZBITA TS MEEEH
Table 5-1 Plant operation conditions in TBU sequence
ETABREL
EEER it T
RRBROBEREGESHEH)
[ F4FKALIE : 10.385 (m) (F™9 2 H < Fi#0.0m)
BEFFER) T &4 [EFIFENE :7.3193 (MPa)
D/W/E/15:0.11503 (MPa)
FERK R Ih
SRV(GEALEZEF) BEIMES
ADS (B ENRER) TS
AN 2R IRt Ih
RCIC (R FIFfmB B nE R) TS
HPCS (BEFILRTLAFR) TS
LPCSUEEFIDRTL A %) T
LPCI(EEEKR) e
BINBB(RATLI1%R TS

£5-2 TELBNETILOEE (O— FOEEERTE)
Table 5-2 Major analytical models settings (default settings in each code)

. waw MELCOR

- Zrf&4k : Cathcart(~1800 K)
Baker-Just (1800 K~)

+ SUSEZE : White's parabolic equation

- B,CER1L : EEHEEL ALY

- EEIRE  1000K
(PHEBUS/FPTOSRERICE D<a—KR T+ /LHME)

ETEE BEEYORRHBIE
BEEMEDOTHBERMEE
- # B RISET JL:UO,Zr(0), SUS-Zr, B,CSteel,

B,C-Steel-Zr
RELBEE:
-WEE (PHAA) 215K
-EESILa=9 L2911 K
- ZEE932 :3113K
- SUS #&31&#): 1700K
- SUS E&{E#: 1800K
- {44 : 1100K

TERBE  1650K (FT=1E 259K /7307 )Lk

~EHEE . CRGTDEEMRE (2120 K)
EHEE . CRGTDEH

s FERAYRSY— TR

s TEHAYRERE

-RPVEXE FE

-HRk: KRAERIVI—
-V Y — A EERE 11450K
FOUT—IL BB

« ANSI/ANS-5.1-1979F T )L

- BB RS : BRI ETE 0.002 m?@D/WESE R E 523K
- BEIE  FISETE 3 inchO @ @2.5 Pd™

*1 Pd(TR&EEREAN) =0.38MPa

+ ZrB&4k : Urbanic-Heidrich
+ SUSER1E : White’s parabolic equation
- B,CE&1t : MARCON 2.1BI—REF /L

BEERE: 1173
(A—FFI4ILHE)

S ET &N BMEENHFIRT IS TR R
R B RISET IL:SUSZr, B,C-Steel (UO,Zr(0) (L HEL )
RRURE:
-WEBEE (YILAHAA) :2098K
-BIEDILa=) L2502 K (BRH— BT O £REEED
- ZEBIEITY 2502 K (HRF — R B B H EEIEHR)
- SUS #&3&EH: 1700K
- SUS E&1t¥: 1870K
- 4841 : 1075K
HTFIRT I UEEH
-HEE  RKEEILEBES<0.1 mmAD2500K L E
- Z0fh: REBEEEE<0.1 mm
- B A—EILNOREEEENECG TR

R IFRRE1273K (a5 IR 1Ny TILERD
SR BBICHESBRT D) DBITIEERDT)
- I JI R : BEAR . 1) — T BEJE (CRGT) [k B8

- EEER. TEAVRBE 1525K
s TFEpAYR: ) —TRRiE
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-V Y= EERE :1450K
TI)T— L REREETIL(E—E)
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DCH [FREHETERE T HRE L > TWDH N,
MELCOR [3EHER E D F £ Tk DCH 1B fE =4
RN (F2.3-1),

Z ZCARRIZE TR, 77— A 1 OFEHER EMHTIC
BWT DCH #&FELBRVWHEDS & Tlja— K
DOFERZHT 22 L L L, DCH OFEEITON
TIEBL&, 7 —A 3 & LT MAAP % fI\»C DCH
EEE LT A2 JE L, DCH 2 & E L7325
BORR L - a2 8 L Lz,

TBU > — 7V AZBITH 77 MEWRSM %
# 5-1, MAAP $ X' MELCOR O =272 fiih £

W DARMERR E A 3K 5-2 1”7, PCV I,
77U OREEESC MCCI 2 X 2 3B\ 2GR

WEREICE D TREMEN H 5, AMEH Tl
INES AR E[14] 22U, 5200
BB L ONEERROR S ERE LT,

6. METEREER

6.1 IRERTERMT

6.1.1 TBU >—47 U RDEZRHR
BWR-5/Mark-11 & B 7 5 o b % %f 41
MAAP5.01 33 X T MELCOR2.1 % W C 30t L 7=
PR ERRT O 7 1 ) a Pk F 6.1-1 ITRT,
6.1-1121%, 25 & LTAD BWR 77 > k& %f
%12 MELCORI1.8.5 & B hi & v T JEHi L 7=
INES D EEAEAFFERE F[14] b O TRL TV 5,

KO - JEHN EF L, o CRIEHE 7213
%£6.1-1 TBUL—42RAMy 0O/ 0L (RZEZTERRHT)
Table 6.1-1 Chronology of TBU sequence (default setting analysis)
MAAP5.01 MELCOR2.1 (M;I,:I(E(S);j 2?;]3&)
EAAUk DCHEZ & DCHEZ & DCHEZ &
F R AR P R LR Eieicdizi
EFFR) T 118 11.6 10 # 220 # -
RFIFKREAET (LARILS) 12.7 # 23 _
6.7 7 5.8 %
RFIFAKBIET (LRIL2) 70 o 6.1 4 —
231 % 26.7 4
RFIFAKBIET (LRI 30.0 & 328 —
103 & 9.5 4
Rl EEH (TAFIKAL) 40.3 4 42.3 4 —
21.0 % 453 4
PRELE B B RIS (FPHLH) 1.0 BfE 1.5 BfE —
324 % 334 4
PAFE T RHA 1.6 BEfE 2.0 B[ —
75.6 4 26.4 4
il X RS 2.8 S 2.5 B #93. 18575
66.0 9 8.9
[RFIFA RIS 3.9 S 2.5 BRE 3. 18R
0.0 0.1 ¥
MCCIB%A 3.9 FFMHE 2.5 F5HE —
17.7 # 48
BNA RS ERENTE 3.9 B 2.5 R —
T I T R T e L T 8 50578
fRNTHR T BF X 50.0 s — 50.0 B — 50.0

*1 D/WEH=1.0Pd
*2 5—XTEBKIE

*3 SEXHEFPD

SR OTSTMSD AR B
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# 6.1-1 LV, FRBAERMOZTHAZT
BND5HOD, TBU ¥ —47 v ADHEGHERDK
FE 272 FEALIE MAAP & MELCOR TIEIE—%3 %
ZENHERR SN2, LT o TARIATIE, MAAP
DOFRFTHER %2 L L 12 TBU ¥ —7 > ADFSER
DS 2 1b~ 5,

ARG M4 L L= TBU > —4 o 2Tl

SNEEIRTES, FEFE TN ER (7 ¢ — B %E
) OBV KO B IEE
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LA 1.1 B CTRPFEN RN o7 L, O
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TN ERFT B0, SRV ODEENC LY KREDA
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RCIC OAEEZE LTS 720, JFLmEIT
BEAfERT 22 ENTET, 403 4 TH.OEH
(4 6.1-3), 1.0 FFE] CHAEERIRICEY | b
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1650K (1377°C) ToH V. AfEHT TIXFRHLAE
2.8 W CH DRI OB SR A LTe, fFDK
FROEEZ X o F & LT, @iRoFLT 7Y
T T VI AL BEEZ AT 5, FHRG)
5 3.9 Rl RPV T~y ROMEEAFAEL
RPV K HIZIET R TOFLT 7 U A PCV D
NTAZNA~EFHT S (K6.1-5, 6.1-6),
RPV fE% L, T AZ AT LI@mino
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BFEA LT HM ORI E S KIELZ OB
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T PCV [TiiRAERICE S, @iEmkIER X, PCV
WNOKEZRR L OH ZABBEEEA~ T SN D720,
JEONTE M & 725 (1K 6.1-5, 6.1-7, 6.1-9),
7B, FP I EIHE & [FIRFIC SRV Z %M LT
PCV OFFHEA VAN SERE~RH SN D, £
72, RPV W% T, T~y FEEAINL b
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Fig. 6.1-1 Time history of decay heat
(default setting analysis).
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Fig. 6.1-2 Time history of pressure in RPV
(default setting analysis).
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Fig. 6.1-3 Time history of water level in
RPV (default setting analysis).
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Fig. 6.1-4 Time history of the highest
temperature in core (default setting
analysis).
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Fig. 6.1-5 Time history of pressure in
pedestal (default setting analysis).
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Fig. 6.1-6 Time history of gas temperature
in pedestal (default setting analysis).
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Fig. 6.1-7 Time history of pressure in D/W
(default setting analysis).
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Fig. 6.1-8 Time history of gas temperature
in D/W (default setting analysis).
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Fig. 6.1-9 Time history of pressure in W/W
(default setting analysis).
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Fig. 6.1-10 Time history of gas temperature
in WW (default setting analysis).
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Fig. 6.1-11 Time history of debris mass in
pedestal (default setting analysis).
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Fig. 6.1-12 Time history of concrete
ablation in pedestal (default setting

analysis).
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Fig. 6.1-13 Time history of cumulative mass
of hydrogen production in core (default
setting analysis).

2000 1 —MAAP
F —wmeELcor /
4000 -@»zpvi&{év
[ @pcvisimmia /
' 3000 | i : /
— L @
i r
Elﬂ(zooo A l "
F 3
1000 Gl
0 500 1000 1500 2000 2500 3000
2B EE R [min]
6.1-14 RTFREFIINKRERE (RFEE)

DEZIE (RLEFRE/BHE)
Fig. 6.1-14 Time history of cumulative mass
of hydrogen production in pedestal (default
setting analysis).
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Fig. 6.1-15 Time history of FP release
fraction to environment (MAAP, default
setting analysis)
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Fig. 6.1-16 Time history of FP release
fraction to environment (MELCOR, default
setting analysis).
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TV DEVT XD ) O ZITERK L,
MAAP ®J57%% MELCOR X ¥ & #8% OIRE -5
DRI B EEZEZLND,

WP HRIRE 12OV TR, MAAP [ 1000K
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FNZEE T3 508, IFLASEREE L 72 R TOREL
FEGRENE 7 /L TORY IR E <HKFFT 5,
T ONRBETE L, HIRAYIC MAAP O U773
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77U RS LY MCCI 12 X DR EE [ARRIC
MAAP OB REL IRE ERBREST2H D
LEZXD,

Y,
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Table 6.2-1 Condition settings of tuning analysis
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%6.2-2 TBUS—4~2ADH 0O/ 09 (Fa—VT#EH
Table 6.2-2 Chronology of TBU sequence (tuning analysis)

MAAP5.01 MELCOR2.1 JNES ™ [14]
FHARUR _ _ (MELCOR1.8.58%)
Fai——UY fiEHT. DCHEXEE DCHEXZE DCHEXZE
FERRE FA R AR AR Eied i)
REFFEN YT 1.1 1.6 B 1.0 7 220 —
REFFKEIET (LRILI) 12.6 # 23 # —
73 & 58 %
EFFKGEIET(LRIL2) 75 9 6.1 % —
26.7 4 26.7 %
REFFKEIET(LARILL) 342 & 328 4 —
11.2 o 95 %
TR EEH (TAFKAL) 454 % 423 4 —
329 % 453 4
PREHE B EE (FPRR ) 1.3 B5RE 1.5 B5RE —
375 % 33.4 %
BAFE TRt 1.9 B5RS 2.0 BFRE —
95.7 & 26.4 9
Rl F RIS 3.5 B 2.5 B #93.1 B
575 9 8.9
[RFIFRIIE 4.5 B5fE 2.5 B 3165
0.0 # 0.1 #
MCCIERA 4.5 BE 2.5 B —
256 48
BWSBRESHEAENEE" 4.5 RS 2.5 B5RS —
BN SR "2 11.2 B5RS 6.7 F¥H 13.4 B5RS 109 Bef 8.5 8%
FRNTIR T B % 50.0 Bfs — 50.0 Bfs — 50.0RFRS

*1 D/WEH=1.0Pd
*2 45— TEIWE

(3) JALSCFERAAE~RPV fi 48R

Z OHIFICEE L7-FREIIEL. MAAP 28 1.0 IR§fi],
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=y MRETOKIZEDZ U LA A (G
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DR E OBMREIC L W AIcHEI S, FIFFZK
BOKKZDFEET D, = hLA v Seno
TERGFEY =y MEOIEEDE E FEi~y RicEzE

*3 SEXBA DR T STHLDFHAHIYE

L. R@T 7V =BT 5,

TE U ACHER LT Ri IR 7 Y OB EE
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WOz, ZDHTITK 1000CETIEF LT
5o
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TIHEMT 7V Ve hOTY R LA A2 R 5
& L pFEic e b L TRBY . 7 V=
v b OWkI{EI Ricou and Spalding D FHEIZ[15]%
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N[16]B L VS HEBE LI-ET VI L0
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MELCOR 7% 10.9 R[] TH V. MAAP [IFEAERR &
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FLBAIEN G 18 FFRIFEEE £ T, W/W TiX 35 If
R £ CIEH L < =B 2 b oD, L
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MLIEEIT MAAP O 5 MEIE Bl E AR D727
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WwOEEBY, XTFTAXALTOT 7 U HHEIT
MAAP DJ575 23 £5% <. MCCI /£ & S MAAP
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Fig. 6.2-1 Time history of decay heat
(tuning analysis).
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Fig. 6.2-2 Time history of pressure in RPV
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Fig. 6.2-3 Time history of water level in
RPV (tuning analysis).
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Fig. 6.2-4 Time history of the highest
temperature in core (tuning analysis).
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Fig. 6.2-6 Time history of gas temperature
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Fig. 6.2-7 Time history of pressure in D/W
(tuning analysis)
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Fig. 6.2-8 Time history of gas temperature
in D/W (tuning analysis).
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Fig. 6.2-9 Time history of pressure in W/W
(tuning analysis).
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Fig. 6.2-10 Time history of gas temperature
in WW (tuning analysis).
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Fig. 6.2-11 Time history of debris mass in
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Fig. 6.2-12 Time history of concrete
ablation in pedestal (tuning analysis).
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Fig. 6.2-14 Time history of cumulative mass
of hydrogen production in pedestal (tuning
analysis).
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Fig. 6.2-15 Time history of FP release
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Fig. 6.2-16 Concept of channel blockage
model in core.
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Fig. 6.2-17 Time history of particulate
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Fig. 6.2-18 Concept of debris jet
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Fig. 6.2-19 Time history of the highest
temperature at penetration in lower head
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Fig. 6.2-20 Schematic diagram of MCCI model
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Fig. 6.2-21 Schematic diagram of MCCI model

in MELCOR [8].
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Fig. 6.2-22 Time history of debris mass in
RPV lower plenum (tuning analysis).
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Fig. 6.3-1 Schematic diagram of DCH in BWR
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