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Safety Characteristics of Mid-sized MOX Fueled Liquid Metal Reactor
Coreof High Converter Typein theInitiating Phase of Unprotected

L oss of Flow Accident
- Effects of low specific fuel power density on UL OF behavior brought by
employment of lar ge diameter fuel pins-

Masayoshi Ishida*, Kenichi Kawada*, Hajime Niwa™"

Abstract

Safety characteristics in core disruptive accidents (CDAs) of mid-sized MOX fueled
liquid metal reactor core of high converter type have been examined by using the CDA
initiating phase analysis code SAS4A. The design concept of high converter type
reactor core has been studied as one of options in the category of sodium-cooled reactor
in Phase II of Feasibility Study on Commercialized Fast Reactor Cycle System.

An unprotected loss-of-flow accident (ULOF) has been selected as a representative
CDA initiator for this study. A core concept of high converter type, which employed a
large diameter fuel pin of 11.1mm with 1.2m core height to get a large fuel volume
fraction in the core to achieve high internal conversion ratio was proposed in JFY2001.
Each fuel subassembly of the core (abbreviated here as UPL120) was provided with an
upper sodium plenum directly above the core to reduce the sodium void reactivity worth.
Because of the large fuel pin diameter, average specific fuel power density (31
kW/kg-MOX) of UPL120 is about one half of those of conventional large MOX cores.
The reactivity worth of sodium voiding is 6$ in the whole core, and -1 in the all upper
plenums. Initiating phase of ULOF accident in UPL120 under the conditions of nominal
design and best estimate analysis resulted in a slightly super-prompt critical power burst.
The causes of the super-prompt criticality have been identified twofold: (a) the low
specific fuel power density of core reduced the effectiveness of prompt negative
reactivity feedback of Doppler and axial fuel expansion effects upon increase in reactor
power, and (b) the longer core height compared with conventional 1m cores brought,
together with the lower specific power density, a remarkable delay in insertion of
negative fuel dispersion reactivity after the onset of fuel disruption in sodium voided
subassembly due to the lower linear heat rating in the top portion of the core. During the
delay, burst-type fuel failures in sodium un-voided or partially voided fuel
subassemblies caused a high ramp rate insertion of sodium void reactivity due to
fuel-coolant interactions, resulting in a super-prompt critical power burst.

Taking into account the ULOF analysis result of the UPL120 core, two alternative
concepts of mid-sized core of high converter type were proposed in JFY2002,

increasing the average specific fuel power density to 43 kW/kg and reducing the core
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height to 1m and 0.8m. These two cores, abbreviated here as Fsm100 and Fsm80, have
core void reactivity worth of 5.7$ and 4.9%, respectively. The ULOF behaviors in
initiating phase of both cores resulted in a mild power burst with net reactivity less than
1$ under nominal design and best estimate analysis conditions, and even under
conditions with a conservative 2¢ uncertainty on Doppler constant, or on sodium void
reactivity worth, the cores showed a mild power burst without exceeding
prompt-criticality, though the conservative conditions resulted in a severer power burst.
Hence the initiating phase of these alternative cores develops into a transition phase of
ULOF scenario. Another parametric study showed that if the specific power density of
these alternative cores was to be reduced by 20% from its 43 kW/kg to 34 kW/kg, the
ULOF power burst became super-prompt critical. This study has shown that in the core
design of high converter type with a large diameter (>10mm) fuel pins, the specific
power density of fuel is an important design parameter which affects the safety
characteristics of the core in ULOF events, and the above mentioned ULOF results

should be taken into account in the continuing core design study.

* Nuclear System Safety Research Group, Advanced Technology Division, O-arai
Engineering Center, JINC

** FBR Cycle Safety Engineering Group, System Engineering Technology Division,
O-arai Engineering Center, INC
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2.2
1kg
(kW/kg-MOX) (g/cm) (fps)
(fps)( )
Fs80 65.3 4.1 4.1 1.0
Fs120 53.1 5.1 5.0 1.5
UPL120 31.5 6.7 8.4 3.4
Fsm100 43.1 5.7 6.1 2.1
Fsm80 43.8 5.8 6.0 2.1
( ) fps (full-power-second) MOX = 2.67E5 J/kg
200K
20%
20% 2.5
SAS4A(Version Ref01R2p)
( FP ) 20%
200K

(Levitate )

(Pluto2 type failure: Pluto2
70%

SAS4A

-14 -
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34

Table 1a Steady-state characteristics of 34 channels of UPL120 core/Case 94%TD fuel/Post-Correction
94%TD Pel let

£

.
oz D243 0263

(Ref01R2-Pre)
No. Core Core : Retaind
sas | core| X | AV | of | Peak | oo | Frow Flow | p/e | peak Burnup |Clad+wire] core Fuel | Void . Fractional | Plenun Gas| ¢p_oag iy
Layer Power (kf/s/pin Fule Pin Temperature () FP-gas Pressure =
ch #| Zone | 48T (5 as Fﬁ/ Qiremy | (1eh) | (ka/ssery N (M/kg) (at.%) W(();;h Worth  ($) wzgn Release(-)|  (IPa) igl BHES;
ok pinea VOISS/F) pettet (peak Pv) Nid-cladding | Coolant
Thgr P Bu o center/[surface/Buc| max/Buc]_at peak [Exit/Bu| fgr/Buc | Ppl/Buc | rfgr/Buc

C 315 40 0 024 287 1518 700 595 507 590 0618 2. 66 |

C 303 19 192 -024 | 1287 1672 27 588 503 582 0.821 6. 3

C 300 30 9 —0483 | 2503 1432 77 502 502 586 0507 1.

C 301 | 517 153 -0483 | 2503 1630 33 587 519 581 077 4,

C 284 88 216 -0.668 611 1645 18 576 496 571 0.834 7. p

C 300 14 114 -0.668 611 1541 707 586 501 580 0.601 308 |

[ 7 [ic 294 | 504 75 -0619 303 1429 676 582 500 577 0.568 281 |

C 283 | 486 179 -0.619 .303 1589 711 575 496 570 0.795 2.

C 15 | 283 8. 36 ~0.987 344 1407 702 575 511 569 0.601
10 [ 1C 15[ 279 7 4. -0.987 344 ¥y 1520 711 572 510 567 0.729

C 12| 258 [ 44 -0681 | 3787 313 | 0026 | 1507 698 559 487 554 0799

C 250 | 42 -034 1465 687 554 484 549 0787

C 270 | 462 . -0.51; 1404 673 567 491 562 0.62

C 267 457 0. -0.51 1385 669 565 490 560 0612

C 12 255 | 4 64 -058 1239 633 557 486 552 0. 281 |
16 | IC 12 249 [ 4 157 -0.58: . 1409 677 553 483 548 0735 36.
17 [ oc 261 | 4 132 022 0, 1412 692 569 503 564 0.705 333 |
18 [ oc 256 | 4. -016 0. 1259 648 565 501 560 0513 269 |
9]IC 242 4.14 -0.13 0. 1185 616 549 481 544 0.461 28
20 | oc 12| 264 | 442 -0.386 0 1514 835 571 505 566 0.628 10,4
21 [1C 240 [ 410 -0.276 K . 0. 1395 772 547 480 543 0549 11
2 | oc 55 242 | 406 16. 0224 75 0.102 | 0.0 1411 684 557 496 552 0.766 X 337 |
23] IC 433 236 | 404 12. -0414 0.18 0021 | 1349 678 545 479 540 0.656 4 388 |
241 0C 230 | 386 14 -0. 0.051 | 0.017 354 681 549 491 544 0.709 6.
25 | OC 251 | 420 5 0. 0.051 | 0.017 | 1305 661 562 499 557 057 4.
26 | oC 8 98 6.0 0. 2 | 0124 | 0014 | 1103 631 569 502 565 0.47; 7.
27 | oC 12 4 58 16.2 0. 935 | 0146 [ 0 300 671 552 491 548 0.73; 7.
28 | oC 53 133 0. 467 | 0073 [ 00: 1232 653 549 490 545 0.65 ¥ 391 |
29 | oC .57 10. -0. 206 | 0.095 1186 639 551 491 547 0.56 4 398 |
30 [ OC 4 8 022 175 | 0102 1266 657 567 501 563 0534 35,
31| 0C 6 7. —0098 | 1185 | 0.044 1096 609 546 488 542 0431 37
32 | oC 133 [12] 203 0 3 -0.197 369 | 0088 | 0 1202 706 544 487 540 047 X 15.
33 | oC 53 [10] 185 | 309 123 0164 974 | 0073 [ 001 1086 619 530 478 526 059 2. 43
34 ] 0C 35 8 | 191 19 84 -0131 579 | 0059 | 0007 | 1038 507 534 281 531 0.424 1! 41

- 16 -
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Table 1a  Steady-state characteristics of Rev. 43 channels of Fsm100 core/EOEC (FS80 base mat pro model)
Fsn100/43ch Note: _mvt is ok

- Retaind
Av. Peak " Fractional | Plenun Gas I
Hex Layer |, No. of power | Flou Flow p/F | Peak Burnup | Core Clad | Core Fuel | Core Void . g FP-gas in
SAS Ch #) Core Zone) T Coles | FAsfeh Zﬂ";r) oy | Gars) | Garstpiny | rkg)| ety [dorth (§)[worth ($)| vorth ($) Fule Pin Temperature () Ref:agzi) P’(T:a“)m
ol 217";"5” Voids/FA | Pellet (Peak Pi) Mid-cladding | Coolant
Fsm100/|core zane | Layer # Nsub | Ihgr P Bu lad | fuel F 1 Temp/43F 0.Temp/4C M Ten|C P Temp/4C E Tem]FG Rele/43{FG Pres/43[FG Mass/4
000 3 365 | 744 | 30, 61 0233 | 1391 | ¢ 1638 726 506 521 500 | 0601
667 341 1679 | 3024 | 151 0703 | 4176 | < 1738 761 583 513 577 | 0771
000 321 | 654 | 30 214 047 2785 | ¢ 1757 757 572 506 566 | 0623
500 351 | 699 | 30 88 0833 | 5026 | ¢ 1659 7 589 516 583 | 0658 5
500 325 | 638 | 3024 | 189 0417 | 2513 1743 7 574 507 568 | 0805
500 341 | 650 | 30 85 1287 | 7665 1608 7. 583 513 577 64
600 316 189 0} 319 1707 75 569 504 563 | 08
000 308 &l 51 0, 018 | 0. 1406 681 583 511 578 | 0609
750 302 1 138 0705 | 4239 > | 1581 73 579 509 575 | 0728
H 000 340 3024 |1 57 0333 12 1533 70 582 512 576 | 0509
11 667 310 30.24 189 -05 18 1601 7. 566 502 561 797
—12 ] 000 265 5 176 0333 12 1503 iz 569 502 566 | 076 9
13 500 261 22.55 65 0333 | 2012 | ¢ 1265 664 584 509 581 | 0566 3
750 310 1 90 0619 89 1508 7 584 512 579 631 6
3,000 264 5 131 0333 012 1412 7 568 501 565 | 0682 7
3333 291 71 | 161 0476 290 | ¢ 1576 734 573 505 568 | 0756 4
17 000 228 55 151 0143 888 | ¢ 133 6 559 494 557 | 0693 1
18 000 229 12 8 0143 | 0888 | < | 1408 824 579 505 578 | 062
19 667 279 25 | 7 0428 | 2665 | ¢ 364 687 579 507 575 579 7]
20 2000 241 55 0 0143 | 0888 | ¢ | 1235 655 569 500 566 | 0538
21 0C 2000 226 .54 5 0131 [ 160 630 554 489 551 | 051
22 oc 2.000 205 | 580 8 -0131 807 | 2 | 1458 701 553 493 547 639
| e 3,000 215 .36 2 0143 | 0888 | < 1202 655 568 198 567 | 0574
iC 667 266 | 504 | 25 |1 0428 | 2665 | ¢ 2 [ 1481 718 570 502 566 | 0741
IC 000 225 | 456 | 22855 | 0143 888 | ¢ 1317 662 558 493 555 | 0688
0C 000 280 | 556 | 3004 | 0262 1577 726 547 488 541 |
oC 000 181 | 355 | 2012 0,057 1378 906 537 478 535 | 0
=280 oc 000 266 22 5 0262 1327 707 565 497 561 | O
29 oC 600 289 | 539 | 271 B 0533 1387 686 566 499 561 | 0
30 oC 500 185 | 353 | 2254 107 0262 1045 611 525 472 52 | 0
31 0C 200 266 | 487 &l 141 0533 01 | 1431 700 553 491 548
7] oC 750 | 12 | 210 | 405 5 132 0228 | 2458 [ < 1214 649 531 476 527
33 oC 500 190 | 362 | 2254 E 985 | ¢ 101 505 529 474 526
34 oC 667 233 | 424 5 813 | 117 637 544 485 540
35 oc 000 262 .15 Z 229 | 133’ 715 551 490 546
36 oC 333 142 | 276 1 133 | ¢ 114 808 527 471 52 | 47| 1
a1 oC 500 237 | 456 229 1324 670 536 480 531 | 88
38 oC 500 168 | 321 926 576 527 472 524 3
HEC 000 135 | 264 841 566 521 267 520 2
40 oC 667 192 | 375 1030 616 530 475 527 4
41 oC 333 177 | 338 996 506 520 469 517 7
0C 667 161 | 310 902 571 521 469 519 04 2 21
0C 000 156 | 304 926 586 517 466 515 0501 7 98
333

(Overall core void orth)
5.70E400 (Positive void vorth sur)

[__Adop |-542E-03] core Dop |
[_Bdop [-4.30E-03]| Core Dop |
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Table 1a Steady-state characteristics of 47 channels of Fsm80 core/EOEC (FS80 base mat pro model)
Fsng0/47ch Note: _mvt Is ok

(Ref01R2-modfzk(Dec. 0:
tex Layer|. - |'ho. of| P | power | Flou Flow p/F | Peak Burnup | Core Clad | core Fuel | core Void Fractional | Plenun Ges ng;:; ?n
SAS Ch # Core Zone ™ e | Fis/eh (P\f}‘f“') o | ors) | Gasstpiny | ourka)| @t [vorth (®)|vorth (9] vorth (5) Fule Pin Temperature () wJZaS?Z) P'&f:)'e iil &g;:;
ot ol 217";”5/ i Voids/FA | Pellet (Peak Pu) Mid-cladding | Coolant
47ch# |cornzane | Layer # Nsub | Ihgr | P By clad fuel | _|F1 Temp/47F O.Temp/4{C M.Ten]C P Temp/{C.E Tem|FG Rele/47{FG Pres/47[FG Mass/4
00 3 349 | 595 968E-01 | 0.229 57 0177 | 1176 |2 2 | 1506 731 582 513 577 | 0504 3
.00 331 6 [ 11968601 ] 0.217 108 0177 | 1176 2 T 756 573 507 567 | 0686 7
.50 306 2 1968E-01 | 0.201 175 0723 | 4750 1674 759 560 499 554 774 % 10
60 335 7 88 0. 1615 743 575 509 569 641 66 35
00 202 191 01 2 T 750 567 502 562 784 7 8
33 325 71 0454 2 | 1550 730 586 514 581 | 0604 7
.33 307 167 0454 2 T 762 575 507 571 769 57
H .00 343 . 0271 | 1 1582 733 506 521 502 | 0597 .19
9 00 321 10; 0438 | 2 | 1613 751 584 513 579 | 0676 X 91
|10 | .50 289 1 -0573 2 | 1507 752 565 501 560 | 0755 2366
| T 50 321 E 0541 1508 732 584 513 579 614 X 7.13
12 .40 1L 294 16 -0.657 1609 754 567 502 563 755 31
67 275 164 0387 1504 745 571 503 566 | 0746 37
14 33 311 68 ~ 2 | 1478 714 578 509 573 | 0589
| 50 299 73 E > | 1455 721 586 513 583 | 0503
16 .50 287 1 - 2 | 1503 753 564 500 559 752
H 00 259 16 K 1478 721 560 497 557 739
18 33 295 ~0,664 2 | 1417 710 584 512 581 587
19 .00 260 -0 1329 603 579 507 577 573
20 57 267 1 0731 | 5 1495 733 566 500 563 727
21 60 274 -0.499 . 1343 690 570 503 567 | 0567 ..
22 00 260 -02 o 1373 754 579 507 517 | 0638 97
23 .00 235 01 0 [ 1231 663 561 496 559 527 9
24 .00 264 129 0299 [ 2 I 1429 717 564 499 561 675 il
.50 243 138 0399 | 2 [« 1382 708 567 499 565 679 0
26 00 252 164 02 o 1448 719 556 495 553 | 0708 14
21 50 203 72 0637 | & [« 3 | 1411 703 561 497 555 | 0506 18
00 224 7 0055 | 0 I 3 | 1402 828 567 496 565 | 0618 7
.00 266 016 | 1 I 3 | 1428 709 546 487 540 | 0693
.00 222 0156 | 1 o 1231 664 546 485 543 | 0502
31 00 205 0055 | 0 [« 3 | 1153 649 552 488 550 55
H 00 218 0156 | 1 < 3 | 1087 681 544 484 540 679
33 50 260 011 1258 659 54 485 537 | 0564
34 .33 232 -0165 [ 1 G 1231 688 538 482 534 575
50 197 1 0137 X o 1125 679 546 484 543 522 ¥ 3§
36 .00 139 2 ¥ 0013 1110 794 521 468 521 309 X 37
37 | .50 232 7 132 033 |3 1308 678 526 476 521 663
|38 ] .00 230 7 110 0055 | 0 1268 670 537 481 533 611
39 00 200 2 1 -0.11 1169 652 531 528 63
H 00 152 A 004 931 600 533 532 | 0491
41 60 196 0,067 1070 639 528 525 | 0407
42 T 1,00 183 0013 1383 906 535 533 | 0461 8.
43 200 176 -0.013 987 616 529 527 | 0438 7.
00 184 0,027 1027 610 520 517 417 K
| 45 | .00 146 . 0027 | ¢ 889 592 527 526 391 35
00 175 113 0013 1025 616 514 511 | 0552 7
a7 00 153 7.8387E-02] 0. 99 0027 923 501 512 510 | 0488 19 30
402
[Ciorth sun=| (overall core void worth)

(in 9 4.90E+00 (Posi

ve void orth sun)
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MFAIL=11
Tclad < -DTDISR Tclad -DTDISR
f2
f2 = Tres/Tfso
fl 3

(fl=0 h/oc uts)

3 = Tfou/Tfso

f4

f4 = FRAC/FNDISR

F = max( f2, f3,f4)

|

o h:

o uts:

v

FRAC  FMELTM

-+

F 10
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3. ULOF
ULOF
3.1 3.2 3.2 UPL120
4
1) - (Net Reactivity)
1$

2) — (

3) -

4) - 3)

% 0% 100%
100%
3.1 Fsm100/Fsm80 ULP120
3.2 UPL120

3.1

Fsm100 Fsm80 UPL120

3.1 3
(Ulof time)
/ (P/F) Fsm100
14s P/F ( :Ch.1) 0.246
(P/F 2.3a — 2.3c )
395 UPL120 Ch.1  P/F 0.245

Fsm80 Ch.8(P/F=0.240) 3

UPL120
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3 UPL120 1$
Fsm100
3.2a  Fsml100
(Pluto2 ) (Levitate )
3.2a 3.2b
3.2¢ (Ramp rate)
( Ch.1/16.794s(Levitate )
) 3.2b
Pluto2
Ch.11(t=16.83s)
(FCD)
(%/s)
3.2c
10ms 10%/s
Pluto2 35ms FCI
20%$/s 40%/s
Levitate
ms
FCI
Fsm100
FCI
5% 6%
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Fsm100 & Fsm80

/ULOF

31 ULOF

(Run with SAS4A/Ref01R2p)

CaselD (KW/kg-MOX) Z "("Ig)t(on) [6>) (P initial) Travmax(K) wi%) (1)

(@) Fsmi100

R ST ot 43 1302K/41.4 ton 0.969 146 2887 -295
Pinit = 0.8*Po (43 chm) 20% 34 1207K/41.4 ton 1.047 5325 3348 887
vmd::..zzrz;f):e.n @3 = 20% 43 1302K/41.4 ton 0.976 213 2843 -408

Dop=0.8*Ref Doppler Tdk/dT20% 43 1302K/41.4 ton 0.977 206 >2630 (rising) ( )

(gsichenns) ey T 43 1312K/41.4 ton 0.97 156 2846 -400
Pinit = 0.8*Po (78 chm) channel moﬁ%’g 78 34 1216/41.4 ton 1.016 2465 3040 97
V°id=1-2’;ﬁ%=6-7$ 78 (78 channel mzdze(l’)% 43 1312K/41.4 ton 0.979 260 2877 -321
V°id=1'52ﬁ;f)=8'4$ 78 o e m;dSe?)% 43 1312K/41.4 ton 1.04 2835 3023 54
(b) Fsm80

e =als aa 1290K/40.7 ton 0.968 163 2921 -208
Pinit = 0.8*Po (47 chm) 20% 35 1196K/40.7 ton 1.017 1674 3038 92
V°id=1'2’;ﬁ;f)=5'9$ @7 = 20% aa 1290K/40.7 ton 0.986 299 2887 -295
Void=1.5*g1er:;7.35$ @7 = 50% 44 1290K/40.7 ton 0.987 304 2884 -303
Void=1.75:th:)f=8.6$ @7 = 75% a4 1290K/40.7 ton 1.02 1260 3008 15

Dop=0.8*Ref Doppler  Tdk/dT20% 44 1290K/40.7 ton 0.98 238 2930 -185

R L 43 1301K/40.7 ton 0.967 167 2893 -279
Pinit = 0.8*Po (68 chm) U moﬁ%’[‘s (68 34 1210K/40.7 ton 0.978 346 2058 113
V°id=1-2’;ﬁ;’)=5-9$ (68 (68 channel m:di?)% a3 1301K/40.7 ton 1.022 861 3003 3
(c)

SHEED B c@ o a3 31 1232K / 37.7ton 1.006 937 3016 36
S SONN 5 (59 gy B CHETEL 31 1232K / 37.7ton 1.005 937 3016 36
ESSOMEAIDES) . 66 1313K / 55.6ton 0.971 140 2840 —415

( 1) [0, 100]

= (Tfavmax - Tfsol)/(Tflia - Tfsol) * 100

Tfavmax:
Tfsol: = 3002 K
Tfliq: = 3041 K
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3.2 UPL120 ULOF
UPL120/ULOF
(Run with SAS4A/Ref01R2-Nov ver.)
Case ID /MOX A
(kW/kg-MOX) (K, ton) %) (P initial) Travmax(K) (wt) (1)
(a) UPL120
(34 channel :
) - - _19) 31 1232/ 37.7 1.006 937 3016 36
UPL Void=0 N 31 1232 / 37.7 1.053 4200 3120 303
Pinit = 1.2*Po 20% 37 1316 / 37.7 1.008 1122 3029 69
1.3*Doppler Doppler 13 31 1232 /7 37.7 0.939 108 2938 -164
UPL100 1m 37 1310/ 31.4 0.982 385 3009 18
95%TD Fuel 95%TD 31 1213 /7 37.7 1.009 876 3011 23
(59 channel (59 channel
) model) 31 1232/37.7 1.005 937 3016 36
(b)
FS8o e 66 1313 / 55,6 0971 140 2840 ~415
FS120 e 53 1334 / 714 1073 6358 3551 1408
(1) [0, 100]

= (Tfavmax - Tfsol)/(Tflig - Tfsol) * 100

Tfavmax:
Tfsol:
Tflia:

=3002 K
=3041 K
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Fsm100/UPL120
3.3a-3.3d
3.3c

25%/s

Fsm100

3.3e

UPL120

UPL120

UPL120
Fsm100

Fsm80
Fsm80

5%

Fsm80
Fsm100

Fsm80
3.4a:
3.4b:
3.4c:
3.5a:
3.5b:

3.5b
20cm

UPL120
UPL120 Pluto2 FCI
( 3.3 ) 1$
Levitate
-10%/s
Doppler
UPL120
Levitate
Fsm100
1$
1/2
Fsm100
4
Fsm100 5.7%
80cm
ULOF UPL120

( )

UPL120

Fsm100

Fsm80 Fsm100

Fsm80
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20%/s

60ms
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1.1
Fsm80
( )
Fsm80
3.6a 4 ULOF (Doppler+
) 2.1
4 UPL120
Doppler
Fsm100  Fsm80 Doppler 10%
Fsm80 Fsm100
Fs80 UPL120
LOF-driven-TOP
3.3 4 ULOF
(fps: full-power- second)
Fs80
/ (4
)
fps
Fs80 UPL120
UPL120
3.6b 4
(
Levitate ) 3.6c 4
Fs80 3
Fs80
UPL120 4
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(Pluto2 ) FCI
Fsm100 Fsm80 ULOF
( t=18.12 ) Fsm100
3.4 3.6d (1/3)-(3/3)
-0.7$ 2.7
7% 95% 3.6d
SAS4A
Fsm100
3.2
Fsm100 Fsm80 ULOF
Doppler 20 = 20% + 15%
ULOF
(
) UPL120
1.38 1.4
@
Fsm100 Fsm80 (dk/kk’/kg-sodium
) ( +
) 3.1 Fsm100
3.7 Fsm100 ( =5.7%)
1.2 1.5 (78
)
1.2 ( 6.7% )
1.5 ( 8.4% )
1.5 (Ramp rate)
3.8a 3.8b
1$
17ms(0.017s)
FCI
20%$/s 3.9 3
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Table 3.3 Comparson of relative ecnergy release during IILOF tramsient of Fef cose

Cara Deasign LIPLA20 | Faml 00 | Famfl FaED
Raactor ratad thermal gower (v 1180 1785 17EE SR

Averoge Tuel speoifio power density

a1.3 431 438 555
Paa { kW kg— MO
Ralative Pdo (-3 1 1.4 1.4 |

Encrgy reloase during transiont {n fps: full-power—seco nd)-

Ui a1 nn Busilioge conssen {Tpeed 1787 15 48 167 iGfia
froom Tmt boiling 8o 1 a1 fus | desraption
s v Falliarm '“l!} 146.26 10348 1Z2.62 1o

from 18t Lovitate failurs to 15t burst
fuel Fallure (Pluto? type Fallure) Gped | 900 s | BT 106

- 42 -



JNC TN9400 2003-059

T 100HE

T 100

X

10

Fusl raactivity (41
L & &
Y
Posar [Pa)

&
&

el e "-,]|

ma
- i ooE oo oon onp a1 oaE o4 iH

Tame alfter 1o fusl faibure (o)
Fig 26l Powis bl ol Tesl soosclivity msariion Fsm) 00 Fead0 A 02 wn FeBid

3.6b
m —
A D enbmni : =
i Leuu \-\' ..&m
T L SHELT
Py i [~
2 10 i = L r. S
; i } Frornei6E —
= g 1 | Femige uniizp
-3 V. 7 W
£ —ar A .Jhl 'QH'I i -h:l God rﬂm“f:ﬁl
e Vel LF.I}“@L PN A
ﬂ, M;' ) VL7
. ¥ =g
102 o [EE 13 .04 0.h LER 2 ol

Times afiar 181 Levitats—Eailirs (o)
Fem 1 Compariensn of mectivity amg retae of coolsnt snd fosd

3.6¢c

_43 -



_VV_

3.4 Fsm100 ULOF (18.12 )

Table 3.4 Core state at the end of primary power burst (at 18.12s) in Case Fsm100/43chm_Ref

(New edit)
Initial Average Average Core Na
average fuel melt [ Solid fuel | Molten fuel fuel Max fuel void
No. of power/FA Ch. State| Solid fuel (Molten fuel| fraction |temperature|temperature|temperature|temperature| fraction
Core Zone| Ch. No.| Fas (MW) (#1) | mass (kg) | mass (k ©) (K) (K) (K) (K) ©)
C 3 .44 2.06E+0 .67E+02 [ 4. 2886 324 082 477 .00
C 9 .79 8.08E+0: 11E+0: 2914 161 982 218 .00
C 3 6 .54 7.10E+0: 56E+0! 2887 044 895 062 .00
C 4 12 .99 .09E+0. 83E+0: 23 239 046 40 .00
C 6 .38 .03E+0; 42E+0. 05 092 941 4 .00
C 24 .50 .38E+0 6.00E+0: 20 143 965 .00
C 15 .02 .86E+0: 9.24E+0 14 005 915 04 .00
C 9 .26 12E+0: 1.40E+0 822 0 823 02 .00
C 12 .08 A42E+0: 7.13E+0:. 2870 0. 2878 03 .00
C 10 .83 5.91E+0 1.55E+0. 2957 1. 2990 196 .00
o .16 1.08E+0: 4.10E+0: 2845 028 852 036 .00
C .38 7.43E+0:. 1E+00 279 006 799 021 .00
C .20 7.33E+0: 0E+01 279 007 795 02! .00
C 4 12 .10 1.43E+0. 4E+01 289! 017 904 04 .00
C .35 7.42E+0: ABE+00 277 008 774 0. .00
C .68 .10E+0: 66E+01 90! 015 90! 0. .00
C 461 .73E+0. 28E-15 62 675 627 017 .00
C 463 .67E+0; 39E+0! 791 014 795 04 .71
C .39 .09E+0 .38E+0 844 009 847 01 1.00
C 0 .87 .54E+0; 86E+0. 2654 010 672 024 1.00
oC 1 .43 .62E+0 12E+0 26 011 654 023 0.71
C 22 .80 . 72E+0; 4.74E-0:. 285 00! 85! 025 1.00
C 23 .36 .56E+0: B65E+0. 252, 00! 54 {0} .71
C 24 .04 .12E+0 25E+0! 282 00! 2. 0. .00
C 25 .56 .65E+0; 39E+00 259 00! 0 0. .00
oC 26 .56 .39E+0. 84E+00 2810 010 024 .00
[e]e 27 .55 3.10E+0. 32E+0. 2541 015 026 .00
oC 28 .22 7.46E+0 .57E-1 2853 102 8 086 .00
[o]e] 29 1! .39 .84E+0 24E+0. 2830 007 8 024 .00
C 30 .53 .90E+0 .59E+0 389 007 435 014 .00
C 31 1 .87 .86E+0: 26E+0 772 006 773 020 .00
C 32 .05 AGE+0 11E+0 540 012 550 020 0.71
C 33 12 .62 .37E+0: 20E+0: 440 010 486 016 1.00
C 34 .24 .10E+0: .23E+0 268: 010 690 025 071
ocC 35 .15 A41E+0 4.86E+0 84 009 84! 126 1.00
[e]e 36 .76 1.12E+0: 0.00E+00 30! 0 30 840 0.00
oC 37 .56 7.22E+0: 2.39E+01 63 3008 64! 024 00
[e]e 38 .21 7.46E+0: 0.00E+00 360 0 36! 94, 00
C 39 .64 .73E+0 0.00E+00 10! 0 2105 64! 00
C 4 .75 .00E+0: 1.18E+02 51 3011 2564 01 .00
C 4 .38 .10E+0 2.18E+01 36: 3004 375 00 .00
C 4 .10 .12E+0: 0.00E+00 230 0 30! 2881 00
C 4 .04 .73E+0; 0.00E+00 221 0 216 2849 00
Note #1: 0: No boiling, 1: Boiling & fuel melting (plus clad melting & motion), 2: Levitate-failure, 3: Pluto-failure
Active Core Information at the specified time of Initiating Phase
Power level at the specified time (Po) 2.69E+00
Net reactivity at the specified time ($ -6.68E-01
Total mass of solid fuel (kq) 3.86E+04
Total mass of molten fuel (kq) 2.80E+03
Core fuel melt fraction (wt %) 7
Mass average temperature of solid fuel (K) 723
Mass average temperature of molten fuel fuel (K) 133
Max fuel temperature in the core (K): in Channel-1 477
Average core fuel temeprature (K) 888
Core _coolant void fraction (%) 95
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