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Failure Propagation Analysis of LMFBR Steam Generator Tube

(Analysis of SWAT-3 Runs 14 and 15 by LEAP I Code)

Hiromi TANABE#, Osamu MIYAKE#*,
Yoshimichi DAIGO%*%, and Minoru SATO%

ABSTRACT

The Computer code LEAP 1T had been developed in order to analize
failure propagation phenomena by the sodium-water reaction in the stean
generator of LMFBR. Here reported is verification analysis of the LEAP
code by using Runs 14 and 15 test results of Steam Generator Safety Test
Facility (SWAT-3). The main results are as follows:

1) As the results of parametrie survey, the effects of the significant
parameters such as time mesh, jet division number, ete. to the code
were understood.

2) In comparison with the test results of Runs 14 and 15 of SWAT-3, the

LEAP code can estimate the phenemen2 conservatively enough.

* Plant Safety Section
FBR Safety Eﬁgineering‘Division, Oarai Engineering Center, PNC

#% ¥BR Development project, FPNC
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Tube Configuration and Failure Propagation

Profile in SWAT-3 Run-14 Test

Fig. 2.1
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Fig. 2.2 Tube Configuration and Failure Propagation

Profile in SWAT-3 Run-15 Test
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Table 2.1 SWAT—3 Run—14, 150 5 5 £ #
Run — 14 Run — 15

& # ® # H 2dcr—1Mo#(STBA24 )
B # & T ¥ 3187 x 38t x 700
= # F X #H 56 K (EE)

K n # & T 7B 149 ata 158 ata
Vi G & OB 240 °C (AREgfn) 346°C (fafm)

K% B EERE 226 ~231°C 333~336%C
7K my s XA B 05m” 0.3

MYk y — 7 FE 18g ./ sec l4g/ sec
% E ook & H 293 sec 311 sec

2 & Kk B 110 kg 132 kg
MY BE 341°C 335°C
ol L S - AR # 1k i 1k
WA N - HRE 1.5 ata l.5ata
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Fig. 2.3 Timing History of Total Water Leak Rate
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Table 2.1 SWAT—3 Run— 14, 152ROFLER
Run No 14 15
WY - s AE | m® 0.5 0.3
Kin # B/ E S ata 149 158
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1 {7k —28 g/ sec 18 14
K| ZI}E sec 0 0
2 {KY—2%; g /sec 210 62
4 !
R |6F ZIJ sec a4 50
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i ;
&\ F %o sec 145 195
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= ;
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5 {ky—281g, sec 900 2740
B ; : 4
k| #:  sec 215 253
6 7k')-§’>—~.&"‘<§g/sec - -
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7 o — BE&EZ sec 173 245
7 o — sec 120 68
#ox sk B R sec 293 311
w o7r Kk B kg 110 132
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Fig. 3.1 Water Header Pressure Decrease during Blow-down
in SWAT-3 Run-14
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Table 4.1a Run — 140y —RADENHER
case to |3 NI B E|e R UE|D s k|8 @ || Ar, s CPUHE
R14 REF 1 sec 100 4.1 8am 30° 573m@ | 3.562kgs | 109 sec { 236 sec 3 202 sec
R14T2 2 sec 352 109 237 3 105
R14T5 5 sec 352 109 237 3 45
R14TC (%lésc@ 100 3.52 110 237 3 242
R14M2 1 sec 25 3.53 108 236 3 153
R14M3 50 4.18m 353 108 236 3 171
R14L2 100 3.80m 347 99 227 4 222
R14L3 3.13m 30° 441 209 210 5 276
R14A2 418m 5° 428 182 237 4 231
R14A3 10° 3.52 109 236 3 200
R14 A4 60° 164 168 236 4 236
R14AS5 90° 5.73mg | 8.44 168 237 5 324
R14D8 30° 850m® | 6.43 109 236 3 198
R14DG 1 sec 100 418m 30° 33.2m@ | 8.25 109 236 3 200

00T-¢8 T¥6NL-ONd



Table 4.1b Run — 15 OBr —XDEXHRKER

case m | NS m | E|A iﬂﬁg %—wg ﬂ@ * gu %Tmﬂ%z_u ﬁffﬁﬁ CPU &
R15 REF | 1 sec 100 418m 30° gsmg | 893K | 321 sec | 364 sec 7 163 sec
R15 T2 2 sec 892 321 365 7 89
R15T5 5 sec 8.88 321 365 7 44
R 15 TC (%léff) 100 894 322 366 7 279
R 15 M2 1 sec 25 1093 311 379 8 136
R15M3 50 1241 322 370 8 170
R 15 M4 200 418m 9.06 320 364 7 243
R15L2 100 3.8 0mm 940 294 341 7 177
R15L3 3.13m 30° 998 246 298 7 198
R15A2 418m 5° 990 312 364 5 171
R15A3 10° 990 312 364 6 173
R15 A4 60° 503 158 239 4 180
R15 A5 90° 8.5 mm & 503 158 240 3 1779
R15D2 30° 5.7 3mmg h31 271 330 11 201
R 15 DG 1 sec 100 4.1 8mn 30° 332mg | 1664 315 365 4 146

001-28 TV6NL-ONd
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Fig. 4.1 Comparison of Calculated Water Leak Rate Histories among the
Cases of NJET=25, 50, 100, and 200 (SWAT-3 Run-15)



PNC-TN941 82-100

105

R14A4{TOLRNS=60°)
R14A5(TOLRNS=90°)

A

R T

R14A2 (TOLRNS=10°
l R14REF§TOLRNS=30°} .
il R14A3{ TOLRNS=10°

104
™

10°

TOTAL LEAK RATE (G/SEC)

10%

10

— 1 | 1

0. S0. o0 {50 200. 250 300
TIME {SEC)

Fig. 4.2a Comparison of Calculated Water Leak Rate Histories among the
Cases of TOLNS=5°, 10°, 30°, 60°, and 90° (SWAT-3 Run-14)
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Fig. 4.2b Comparison of Calculated Water Leak Rate Histories among the
Cases of TOLRNS=5°, 10°, 30°, 60°, and 90° (SWAT-3 Run-15)
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Fig. 4.3 Comparison of Calculated Water Leak Rate Histories among the
Cases of Tube Wall Thickness TUBT=4.18, 3.80, and 3.13mm
(SWAT-3 Run-15)
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Fig. 4.4a Comparison of Calculated Water Leak Rate Histories among the
Cases of Maximum Failure Hole Diameter DLMX=5.73, 8.5, and
33.2 (SWAT-3 Run-14)
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Fig. 4.4b Comparison of Calculated Water Leak Rate Histories between the
Cases of Maximum Failure Hole Diameter DLMX=8.50, and 33.2
{SWAT-3 Run-15)
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Fig. 4.5 Comparison between the Run-14 Test Result and LEAP Analysis
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TableA.la {=EEHRLER (Run- 14 )
=EEN X E E Y B 1= {=#ENo X B = Y BB

1 200.0 1440 2 0.0 24 0.0
3 0.0 1920 4 0.0 1440
5 0.0 96.0 6 0.0 480
7 0.0 0.0 8 5 0.0 306.0
9 5 0.0 256.0 10 50.0 2086.0
11 50.0 156.0 12 50.0 106.0
13 50.0 5 6.0 14 50.0 6.0
15 100.0 288.0 16 100.0 240.0
17 1000 1920 18 100.0 1440
19 100.0 96.0 20 1000 48,0
21 100.0 0.0 22 150.0 30 6.0
23 150.0 25 6.0 24 150.0 206.0
25 150.0 156.0 26 150.0 106.0
27 150.0 56.0 28 150.0 6.0
29 2000 288.0 30 200.0 240.0
31 200.0 1920 32 0.0 2880
33 20 0.0 96.0 34 20 0.0 480
35 200.0 0.0 36 25 0.0 30 6.0
37 250.0 25 6.0 38 25 0.0 20 6.0
39 250.0 156.0 40 25 0.0 106.0
41 25 0.0 5 6.0 42 250.0 6.0
43 300.0 288.0 44 300.0 2400
45 30 0.0 192.0 46 300.0 1440
47 30 0.0 - 96.0 48 30 0.0 480
49 30 0.0 0.0 50 35 0.0 30 6.0
51 35.00 256.0 52 350.0 20 6.0
53 35.00 1586.0 54 350.0 106.0
55 35.00 5 6.0 56 350.0 6.0
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Table Alb {zBETLEE (Run —15)

(=EVEN X E & Y K # {=#ENo X B 2 Y B =
1 150.0 1560 2 0.0 2400
3 0.0 192.0 4 0.0 1440
5 0.0 96.0 6 0.0 48.0
7 0.0 0.0 8 5 0.0 306.0
9 50.0 256.0 10 5 0.0 206.0

11 50.0 1560 12 50.0 106.0
13 50.0 56.0 14 5 0.0 6.0
15 100.0 2880 16 100.0 2400
17 100.0 1920 18 100.0 1440
19 100.0 96.0 20 100.0 48.0
21 100.0 0.0 22 150.0 306.0
23 150.0 256.0 24 150.0 206.0
25 0.0 2880 26 150.0 106.0
27 1500 56.0 28 150.0 6.0
29 200.0 288.0 30 200.0 2400
31 200.0 1920 32 200.0 1440
33 200.0 96.0 34 2000 48.0
35 2000 0.0 $6 250.0 306.0
37 2500 256.0 38 250.0 206.0
39 250.0 156.0 40 25 0.0 10 6.0
41 250.0 5 6.0 42 250.0 6.0
43 300.0 2880 44 300.0 240.0
45 300.0 1920 46 300.0 144.0
47 300.0 96.0 48 300.0 48.0
49 300.0 0.0 50 350.0 306.0
51 350.0 25 6.0 52 350.0 206.0
53 350.0 156.0 54 350.0 106.0
55 350.0 56.0 586 350.0 6.0
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TableAZ2a 7o —thoBK~y FPIRER (Run—14)
Z 8 B 8| AD~NySERN |ADNy ¥ Keal | HO~Ny #ET [ HO~Ny 7 Keal
sec ata rvynmeE kg ata TvIAE kg
0.0 1500 2480 150.0 248.0
10.0 1300 248.0 130.0 248.0
27.0 106.5 248.0 106.5 248.0
51.0 82.5 248.0 82.5 2480
8 5.0 58.5 248.0 58.5 2480
1200 40.0 248.0 40.0 2480
120.5 1.0 248.0 1.0 2480
999.9 1.0 248.0 1.0 248.0
Table AZ2b 7o —thOD#BIK~y FYHIRER (Run—15)
B B B | AD~NySEN | AO~Nv 4 Keal | O~y FES | IO~y 5 Keal
SEec ata T¥HIWE kg ata TvHNE kg
0.0 1530 390.0 153.0 3900
0.1 1520 390.0 152.0 3900
18.0 141.0 390.0 141.0 390.0
6 7.0 35.0 390.0 35.0 390.0
67.1 1.0 390.0 1.0 390.0
Table A3 7k —7 S EKEHAE - OBG
Kk H A B (°)| 256 | 256 | 50 107 | 167 | 180 | 180
KY -7 AR (md) 0 0.54 1 2 3 | 320 {3315
Run-147KY -2 5 %ec 0 231 | 791 | 317 | 711 | 809 | 125%x10°
Run—167k)—28 &%ec| 0 1561 | 518 | 207 | 466 | 530 | 125%1¢°
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Table Ad BEATIT -5 (&)
R R~ 2 = B A 1# %
13 | IDWREQ | 9= R¥—UHRELE - 2
Yy NMOEEBAE%L
EELLO=1
14 | IDPNEQ |HBARHEHE - 1
{ Y — 7 ALEOBK= 1
EH Sy kiR L= 2
15 |[NJET Uz MEHABEOESEIE ~ 100 (500r 25)
16 | INTLR U—aﬁﬁi@‘zfowlzjr Ve - 1
MHRLTO =1
) — 7R3 —EEL ETHRE =2
llzt:%foonu—afﬁfp v =3
17 | IPRTSP |9 27 - JHOHEZREA - 0
Y RTI T B,
{ = TV TTRLED,
18 | IFRIC 7k')~9$§1‘%fﬁ?§,]\ﬁ% ~ 1
=0 FZEELI,
{=1 EMT 5,
19 | IDTCON | %44« RTF 5 TR - 1 (0)
=0 AJMEDTINP)—E&L T 3
{ avbe -t s,
20 | TDGAS H o8 —f R B DHEE - 0
=0 L7ty
{=1 T %o
21 | JLP H o= HRIEDHBEFERDT ) » - 0
FT b
=0 FYUYFFTILbLLEL,
{zN NRF o 7RIV VT
72 e AP




PNC-TN941 82-100

TableAS EHAHF—%

B o) & O A B B 1 %
1| XINTD EY -7 AR G 0.5 (0.3
2 | XINTA Y — 7 AR ° 281.0
3 |OPTM A U — 7 BRIERR sec 0.0
4 |WDTM K 5" v 7 HERS sec 120.0
5| TUBD EBENE mof 31.8
6 | TUBT IZRERE | 418 (38o0r313)
7 | SPLR FEfID Y - &R g/sec 12.56%10*
8 | SPTM FHEITY 0 R sec 1.0x10°
9 | RESTM U R ¥ —BaTE R sec
10{DT BRISER 7 74D OER sec 1.0 (20r5)
11 | DTPRT HEHER7) Y T U b ERIRRE sec
12 | DTDMP T EAHRBICI VT 2EEME | sec
13| PSI A 7 4 RFHK | - 0.65
14 | XKAPPA | BEEIOBEIEE - 1.3
16 [ Al HoARBEEHHEROER A, - 3.5
17 | BLRW INGUWEIR ) — 7 R E AR Y — 7R | glsec 10.0
DY = RT -V HEKXDEREFA 3
Ky -
24 | TAUC ZEEMHRE (Cr—Mo ) D[RS | ke /mrf —_—
25 | TAUS EREERR (SUS)D3IED#S | ke/m? —
26 | PENETT | HBEBHE o 0.836 (0.76)
27 | TOLRNS | Vxv MAESRERDAE ° 30 (5,10,60,90)
28 | XJLNG Vv bREGHBRYTSL/DE - 150
EEBEREMNE=AREBOKRD/ 5 A -4 (IDTUB=2 DEOLE, )
1000 | TP Ey F _ o -
1001 | TD ER (1) oE& 1w —
EHRERBNREABEEORKD/ <5 * —% (IDTUB=3 OROAE, )
1002 | RPX x HEED Y F m —_—
1003 | RPY y#iAEOE .y F @ —_—
1004 | RDX BA (RAE)Dx#MARES om —_
1005 | RDY BR(RAE IO y@HAHMRS mm —
ERERBHTEEBEDOR®D/ 5 2 —% (IDTUB=4 OKDAE, )
1006 | SPX xEEFEOE .y F mm _
1007 | SPY vy RO E y F mn _—
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Table A5 EEANF -5 (&)
B oM £ % 7 = L 4 {3 %
1008 | SDX R (EAFE O x@hHmES D e
1009 | SDY BR (BAE) O y#MARES mn ——
EREREMSEEEESOKDS ¥ 7y v ¥ —% (IDTUB=10HDOAE, )
1100 [ TBLTUB(L,])| f=&E L EE
TBLTUB(1, J)=x[HEEZ mm 7TableA.1[Tab]eA.2]
TBLTUB(2, J)=y®HE m | ZR
SGEHEHIETII 7Ty b T~¥
5100 |SGW(I, J) | KIDRERDEREZIL
SGW(1,] )= 7RG @R | sec TableAz2 (a)
SGW(2,])=A0~y ¥ EH kg/crfa| (TableA2(b)) B
SGW(3,])=A0~y F¥Ly 5 A |kcal ke
SGW{4,])=H0O0~» FEH kg, “cnfa
SGW(5,])=thO~y FTvs ¥ |kcal/ke
5600 | SGS (1, J) | Nafil 0RERDRRIZEL
SGW (1,]) =7kl 7~ 7 BHsH&EH | sec 0.0 2000.0
ki 1.5 1.5
SGW(2,] ).= E7 kg, cm? 243 343
SGW(3,])=RK c (333) (333)
) -7 BHEERICBEd B4 Ty P F -5
5900 | XLDTM(L D)| Y =7 RT3 U — 27 R R 0 (5288)
XLDTM(1,])=1 ~ 23 g/sec
XLDTM(2,])=Y—238 sec 1x10% ( lZ.OJ
25, XLDTM(1,]) BAE,
XLDTM(1,J+1) %i%
DA ) -7 RS
Yy FEHAECETEA YTy b T -5
6100 |ANGJ (L 1) | ¥ — 7RIt $5 V= » FHEIHAEKE '
ANGJ (1,])=Y -7 g/ sec Table A3 B
ANGJ (2,])=HEHAE °
6300 | WDTM9 REES S8 Latglicis s v 7BEE | sec
6301 | PINTLR | V227 —JERE@EELTEKY — | g/sec 125x%10*
ZBOTRY — 75
6302 | WITBLOW | 7o —%BEd5/:0D N —F e ) g 125%10°
— 7R
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Table A5 EHAAT—%

(#Ex)
H M| E K P! = BOfr 1 %
6303 | DLMX pHEO®EO LRE m 5.73
6304 |CHGLEK | b—#n« ) -/ BOBETRY —73%| g'sec 0.0
6305 | RAMDA (EEE o BEEIR R R - 0.02
6306 [RLIN A~y ¥~y - [ERS m 14.2
6307 | RLOUT HO~Ny 7~ -7 AIBES m | 99999.9
6308 | HBREAK |V —/fEDficryre— kcal kg 248 (390)
6309 | DTGAS BN —HAEENFBED 4 LZXF 27| sec
6310 | RATEH2 | H:/H,0 &/l ' - —
6311 | TGAS F 23 — 97 2 E SRR K S
6312 | PCGO 8= RGHAEND kg/cnfa —_—
6313 | VCG By 8 — R EREH m® ———
6314 | PRDBST | #—#F2R[Fic L 3RHEHE kg, /cofa —_—
6315 | CV BN - HRCEFESNBHARFESA V| - _
| ORI CVIE
6316 | PDMPT T ey vy ES ke cifa ‘
6317 | WGMAX 1 ADESEL VDK -2 R EEHE | ¢/sec 125%10°
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Table A.6 Input Card Image of the Case RI4REF

XXk CASE R{4REF SIMUL. OF SWAT-3 EUN—14 4/3;82 *Ex

1 4 | 6 1
5 4 1 e 3 8
9 4 2 2 1 ?
13 4 2 1 1e0 i
17 4 0 1 1 8
at 1 e
XIDEND
1 4 500 281, 0.0 120,
5 4 31.80 4.18 12.5 E4 1.0 ES
9 2 6.9 1.0
13 4 0.65 1.3
16 a 3.5 1@.0
26 3 0.836 30.0 150. '
1109 4 ce0.9 144.9 0.0 c4¢.9
1104 4 0.0 192.0 0.0 144.0
1108 4 0.0 96.0 0.0 48.9
1112 4 2.0 2.0 50.0 306.0
1116 4 50.0 256.0 50.0 206.0
1120 4 50.0 156.0 50,0 106.0
1124 4 50.¢ 56.0 50.0 6.0
1123 4 100.0 c88.0 1¢0.0 240.0
1132 4 100.0 192.0 100.0 144,0
1136 4 tee.e 96.9 1ee.0 48.0
1140 4 100.09 0.9 15¢.0 396.0
1144 4 150.0 256.0 150.0 206.90
1148 4 150.0 156.0 i50.0 ie6.9
i152 4 - 150.9 56.0 150.0 6.0
1156 4 200.0 288.0 200.0 £40.0
1160 4 200.0 192.90 0.0 288.9
1164 4 200.0 96.0 £200.0 48.90
1168 4 £00.0 9.0 250.0 306.9
ii7a 4 250.0 256.9 250.0 c6E.9
1176 4 c50.9 156.0 250.0 106.0
1180 4 c50.0 56.0 250.9 6.9
1184 4 300.9 288.0 300.0 240.9
1188 4 300.9 192.0 30¢.0 144,90
1192 4 309.@ 96.0 309.0 48.9
1196 4 J00.0 9.0 350.9 306.9
1200 4 350.9 256.0 350.0 206.9
1204 4 356.9 156.0 350.0 186.9
1208 4 350.8 56.0 350.0 6.0
5109 5 e.0 150.9 248.9 150.9 248.90
5105 5 1e.0 130.0 248.0 130.0 c48.9
Giie 5 7.0 186.5 c48.0 106.5 248.0
5115 5 51.0 3e.5 248.9 B2.5 248.9
5ide S 85.90 58.5 248.9 58.5 £48.0
5125 5 120.9 40.0 248.9 40,9 c48.0
5130 5 120.5 1.0 248.0 1.0 248.9
5135 5 999.9 1.9 £48.9 1.0 248.9
5600 3 ¢.e 1.5 341.9
5683 3 2000.0 1.5 341.90
59e9 4 Q.0 1. El0 1600.9 7.0
6100 4 9.0 £5.6 23.1 c5.6
6104 4 79.1 59.0 317. 107.0
6188 4 711.9 167.9 809.8 180.0
6112 2 i2500. 186.0
6300 4 i2e.5 12.5E5 12.5 ES 5,73
6304 5 8.0 0.92 i14.2 99999.9 248.9
6317 1 12.5E3
XRDEND
XDEND
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Table A.7 Input Card Image of the Case R15REF

X% CasE ?15RE§ SINUL. OE SWAT-3 §UN~15 4/3;82 b §:4

& 1
5 4 1 @ 3 5
9 4 2 2 1 7
13 4 2 1 ioe 1
1? 4 e 1 | 0
21 1 o
XIDEND
1 4 .300 2. 9.6 129.
5 4 31.80 4,18 12.5 E4 1.0 E5
9 2 0.0 1.0
13 a 2.65 1.3
16 2 1.3 10.0
26 3 8.836 30,0 i5e.
1190 4 150.9 156.0 0.9 240.9
1164 4 9.0 192.9 0.0 144.9
1108 4 2.9 96.9 0.0 48.9
1142 4 ¢.0 0.0 50.0 306,
1118 4 50.0 256.0 50.0 206.0
1129 4 50.0 156.0 £50.0 106.9
1ic4 4 50.0 56.0 50.9 6.0
1128 4 109.09 288.0 100.90 249.0
1132 4 100.8 192.0 100.0 144.0
1136 4 160.0 96.0 100.0 48,9
1140 4 100.9 .0 150.0 306.0
1144 4 i50.9 256.0 150.0 206.0
1143 4 0.0 0.0 i50.0 106.0
1152 4 150.9 56.0 150.9 6.9
1158 4 ceo.0 a288.0 C002.0 240.9
1160 4 ceo.e 192.0 200,90 144.0
1164 4 200.0 96.9 200.9 48.0
1168 4 2ee.,0 0.0 250.0 3906.0
1172 4 250.0 256.9 250.0 206.0
1176 4 c50.0 156.0 250.0 106.0
1180 4 252.9 56.0 250.9 6.9
1134 4 300.9 c288.0 300.0 240.9
1188 4 300.0 192.0¢ 300.9 144,90
1192 4 300.0 95.0 302.9 48.9
1196 4 300.9 0.0 356, 306,
1200 4 356.08 256.0 359.0 206.9
1204 4 350.0 156.0 350.¢ 106.0
1208 4 359.9 56.0 358.0 6.0
5109 5 8.0 153.0 390.0 153.9 350.9
5165 5 0.1 152.0 399.0 152.0 390.¢0
Giie 5 i8.0 141.0 390.0 141.0 396.0
S115 5 67,0 35.0 390.¢ 35.0 3%90.9
5120 5 67.1 1.e 390.9 1.9 390.0
5600 3 0.0 1.5 333.¢
5603 3 £000.0 1.5 333.0
£9¢0 4 ¢.0 1. E10 2509.0 14.¢
6109 4 0.0 25.6 15,1 85.6
6104 4 51.8 ‘50.0 207.9 1e7.0
5108 4 466.0 167.0 530.0 180.0
6ile 2 1£500.0 180.0
6300 4 67.1 12,5 E5 12.5 ES 2.50
6304 5 8.0 6.02 14.2 99999.9 390.0
6317 i 12.5 E3
XRDEND
¥DEND



