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Sensitivity analyses on reflooding effect on the TMI-2 actident

by the SCDAP code

Akihide HTDAKA, Jun SUGTMOTO, Eiichi MATSUMOTO
and Kunihisa S0DA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Tharaki-ken

(Received November 27, 1989)

It is important to take a prompt action for quenching the degraded
core by reflooding in order to terminate a severe accident of a light water
reactor at an early stage. However, the reflooding could result in
additional hydrogen generation and temperature rise of fuel cladding due to
the metal-water reaction of the remaining unoxidized Zr cladding. Temper-
ature rise of fuel cladding during reflooding was observed in the CORA-12
experiment at KfK in June, 1988. 1t is therefore important to take
consideration of the increase in hydrogen generatlon and the accelaration
of core melt progression in the case when reflooding is conducted as a
measure for terminating a severe accident.

Severe accident analyses have been performed with the SCDAP/Modl/V18
code which was obtained based on the USNRC/JAERI SFD agreement. As a
part of the analyses, sensitivity analyses were performed in order to
investigate the effect of reflooding on the hydrogen generation and
temperature rise of the fuel cladding due to Zr-water reaction.

The sensitivity analvses were conducted for the TMI-2 accident
assuming that the reflooding was initiated by an operator action between
100 and 174 minutes afer the accident initiation. The following

conclusions were obtained from the present sensitivity analyses.
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There is a possibility of temperature rise of cladding in the upper
part of the core during the reflooding as was observed in the CORA-12
experiment at KfK, in the case when the reflooding was assumed to be
initiated in the TMI-2 accident by an operator action during 100~174
minutes after the accident initiation.

Reflooding of degraded core could result in hydrogen generation and
temperature rise of the upper fuel cladding in the case that the
core condition before reflooding was under steam starvation,
temperature of the remaining unoxidized Zr was at about 1500 K and
the reflooding was slow,

For accident management of severe accident, the relationship between
hydrogen generation, initiation timing and rate of refiooding should

be taken into account.

Keywords: Severe Accident, Accident Management, Reflooding, TMI-2

Accident, SCDAP Cede, Hydrogen Generation, Steam Starvation,

Zr-Water Reaction
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F2., 1 TMI-285F0EHIFHE —KFHKIIKE

A% 4.34m (171 in)
e 11.8m (35 ft)
BT 15.50Pa (2,185psig)
& 62000m3/h (137,8% 10®1b/h)

AR 291,4°C (565" F)
HY T i 319.8C (807,7° V)

£2. 2 BERBEE--EHY - AF— A& JH = HEERE
cHREKEOFOAKMNHg=3.65 7 6m

A A 7 76 K B T 7ef /K i
#5 | B0 (mm,/ s) BERY (s)
1 120 10 195, i
2 125 10 256, 3
3 130 10 2271. 3
4 135 10 277. 5
5 140 10 283. 5
6 145 10 277, 1
7 150 10 274. 3
8 155 10 271. 3
9 160 10 271. 3
10 165 10 271. 3
11 170 10 277, 4
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2, 3 KAMUMMT —~2AF—A BN OEMEMN (1 2)
- FEKEBEB AV HE AT ESENENS A -2 LE
BERK, BEAEOHRLAMHa=3.6576m

A | B KE AR P AR E JE T4 e 7K T
#Y5 | BA03) (mm,/ s) B (s)
12 130 1 C 271, 3
13 135 10 277. 5
14 140 i 0 283. 5
15 145 10 27 7. 4
16 150 10 274, 3
17 1556 10 271, 3
18 160 10 271. 3
19 130 20 L 35. &
20 135 20 | 38, 7
21 140 20 14 1. 7
2 2 145 20 138, 7
2 3 150 20 137, 2
2 4 1565 20 1365, 6
25 160 20 135, 6
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F2. 3 KEIHEFr—-—AF—-AEBHOERREMIE (2.72)
CEEKWAGTE, WEATESEE RS A K ELE
BEMRE. HEREOHF DKM He=3.685 7 6m

F-A| Bk | R ARGE 71 32 7K T 3
#5 | Byl (mm,/ s) e (s)
2 6 130 5 542. b
27 135 5 555, 0
2 8 140 5 56 7. 0
29 145 5 5541, 7
30 I 50 5 54 8. 8
31 155 5 542. 6
32 160 5 542. 5
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3. 2. 3 HEKEEOFOA DR

ABATTIE, TMI — 2 WHEBEBIETER S ATV DH00 AR KIS
ERBRENMATHELAMEADOKRELTHLE, )
HEAKOMBICLUBRHBORAPETTIZLRMHAAERL., FLICRAROK
RIANBET S, FELFALOBEBRDIRETLEELRBHED S RIS N5 BRAD
ESIL, BREAPEZTHRRAVWISOBAKELANRLET S, TORH. ZOHER
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(1) FKrd .0 A LT 6 £ b i B

HEKTOSFLADREMHER(FIR, BABICLIZHAS RV E LTHEK
BETAKWELRES L2 LHELL2DWHAMOEIL, ABILLUHFOLMBRDN
SZWHHBMOBEBEENAELDEL TS AL, Tbb,

HREAKNOFOALTRB(F )= [ T4 000 i 8 M i 48 X 1 K 8 S

X TRDHE R

+ THBKEIICHS TS0 ESBAOFERME (Q)

MUBRBH (Qz) PIRTHMHICBIILE
FHELHELIREZNHMO K] ]
F e 5 7K P s () )
+ ITMI -2 HBEBOHLDADHER (Fa) |

(3. 1)

22T, TMI - 2HEBOFOLALRRE (Fo) . HEAMibhanBaop
DADGHMBERTHY., FOKMUTORBBO MBI L URQIC 2B HNMO
MicH Lo,

1) BABIETOEKCHIGTEZHHMERER

AR EIDBENZVWLLTHAKBE2ETAME L HAEE2EDILBLEREH
HHMOHBKEF, (kg /s) . T4bs (3. 1) AP 1IEROEILEHER
Hhd,

Fy = (3. 2)
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ZZT

H: dAR&E (m)

S1: WHEM (m?)

vty BEKICET DN (s)

v i FIBEKOLER (n®/k g)
THL,

2) BRDUNETIHMMOHERRR

ABA T, BREKBRICAR I SIGHMOE: . F.OKMD 15 500 #0063 2 #8085
BOLOFRMMAOKIE (FH) Q) (1) LUBBBNOZIRILENY (PP O
Ba#Qo (J) PIATCHEAMCBITLEBSICARICRZKDEICHF L EMEL
7z .

MEENMSODBERBEORKINQ, (J) W, MBHEY (Z ) »5H0O&HHBOHUL
ERMHTDLERATEALND,

Qi=C-v"Sp H-N-(AT) (3. 3)

27T,
C: UO0lk# (J/ kg K)
y: UO mihE#K (kg,/m3)
Sz: MERALVy NESUMREHBONRIR (n2)
AT 0 FEEAREN OB HA OB OESEE Tl WA MO MR ETsE
D (K)
N: #HHEHSBOAHK
THDH,
HEKEHOBHBORHBOTPHEE Ty (K) BRNICE->THELE,

10 10
Tln = X (T(Ji‘ 11) d Z li (3. 4)
i=ig i=ip .

ZZT.
Tey: WA —-FioGERKENGOBEBIE (K)

1y :© ®WEHJ—FiOoBBBOMARRS (m)
o : BHLTHOMBHORFROWA N — K&
BB,

BREIB N OF P (Fission Product) OMBE#MQ, (J) BKATHALK DS, EE
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UAMATTIRARBBM A O MRS N2 BHL .

o
——

QRQa=Px103 (H/ /L) -1t (3.

ZZT.
P:2FLOHEM (KW)
L:#E0RSE (m)
THs,

3) HEANOANMORREE

LEMoT. BREATOHELDALILBT2BHMEERREFs (kg /s) . @
HHMOER#ME v, (J/ kg) ETDLERARTEAIDND,

b -S4 1
FS= + (Q1+Q2) +F0

= (—+ (G 7 Ss *N-(AT)

+PX103 (1 /L) -t} ] +Tp (3. 6)

(2) BEABEOHBHMOERKR

HEAKBEOFOAITICE T2 BHHE RFRE ., F0KO LIS T 588
BMANOFP OHEMRQ: (J) BPIRTHIAMICBIFLESAILARIC 2RO,
TMI - 2 BEBOFOANRRFg (kg/s) BMAELOTHE, HREKED
FOADICEY2BAMERKRFe (kg /s) . WATHEALN D,

Fo=

X (Px103%H/L) +Fpg (3. 7)
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i B i it :5;=4.886 (m?)

[SHOPNOREA 0 =2.344X102 (] kg/K)
UOoMiE# v =1.098x%x10%(kg/m%
BB HBOWEN : S=6.94 X1 07%(m?)
BMEBOAE N =36816 (&)

MEI#BORX L =3.8576 (m)

DEo#ERerF— 22 HnTRHEBRRSECFHBEAEOFOAN DR HE
HROHEHEEHRI., LILRT,

3. 3 MHEFIL

(1) U= b —KEIGHMET NV

NI L —RERBRBENDOEDCRITT IR TH D,
Zr+2H0 — Zr0Op+ 2Hpt 14 Okeal/mol (3. 8)

SCDAPI—KTR., Z0OYNVIZTh-KUGK L 2HIEKEHMTSET IV
PLT. MFERTROBUTRTERAEN T Y LIS AR O RERO
W EIBELTWS, KEREORBEHKFE T AccheniusHTH Y, B E A,
Bit. 1 273K~1853KIiCathcart-Paweil®AI®, 1 853 K~Y )3z
LOR A UrbanicO R EM TS, ZEL, SCDAPI-ROBN-Y IV
(Mod1,/V1ig8) Tk, BBEEHRENZ . ZrOaEriRZ r—U-0OJLiA
OBRMBEEICETAEUNIZTL-RRSEABELTZ2EDCETMEESNTHL S,

WdW,/dt = Aexp (~B/T) (3. 9)
ZIT

W U A A= ARERICERZ YNNI LR OMBREROKEN
(k g/ m%/s)

T CHEERE (K)

A CmEER [ (keg/ m?) 2/ s] 20
Cathcart-Pawell : 3 3. 6 0. Urbanic: 1 0. 8205

B M RHE B (K) 2O

Cathcart-Pawell: 2 00 6 5, Urbanic: 1 661 O
ThD.
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(2) pEEOMILES

AREATE. BAM — FHS i, avFR -2y MY OWE LICB T 5 HEY
DEBILHGOXDRAT ERAICHRT EIICHZLE, : |

OXDRATy; (t) =Zr OsMSy; (1)
/[ZI‘MSiJ(t)+ZI"02M81_](L)]
(3. 103

ZZT.
ZrMSy; W SE S - FHB L, aYyAR-2bHES IO ICHT
HERELIVIZTLOER (kg)
ZrOoMSy:HiFI ) —F#HB LI, avFR—-F2 hEHJOBELLITHT
2ty a— v LR (keg)
THodH, LEN-T, (3. 10) RN Lo THHEZ A HHBEEOMILI ST, WY
LicH Al —RBF L., 3RV BB JUHFELTVDHEBEEORILY AT
Y, BRBILIYVTFHAABITLEZ c 0BMIEFSEHZHEEIATHRL,

(3) KEEMBICEAZV N h—KEGOHTE

UNAZ LA —KEBRICEDBUBMBEY ORBETRIICHE T 5 KALOMAR
BHRATEHEAOGHS,

dw [2 Hp0] 9 4w
Hs 0 removed = X S X = X xS (3. 11)
d t [Oz] 8 d u
il
W UNIZ LA REBICEB YNNI LGB O KRR O
(k g/ m?/s)

S  :WEERGA (n2)
[2H20] : KOFTHEX2;36. 0307
(O] :®M#EHTOR A 31, 9988
Tha, KAZXOMBRIT. PELERAICBIIAAMACF LN E R RN I
HhEaban, LEA- THEBRRTICHT SEAHREm (kg /s) &ETDL
KR DERUEXFEILT B, - :
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8 m

dW,/d t

A

(3. 12)
95

SCDAPIA—FIE, (3. 12) XApoKERMBIL DI LI L —KEIG
OHNEE2IHBT S, $2bb, HEZOREZTWA mAU/NE < W FL M KA E R
Kb, dW7dt (B E2V 029 LB ITOMBEEORN HHl X
WREL LRV EDICHBESA, Ybaw b— KIS OHEFEAR NS,
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