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Design Study on the Small Fast Reactor

M. Morivama®!’
Abstract

The concepts of small fast reactor plants were studied. Objectives of the
desing study for the plants were argued at first. Plant images of a small long-
fuel-life safety reactor and a small divided core plant were adopted. The concept
of the plants was sfudied based on the condition within above plant images.

The small long-fuel-life safety reactor is 100 MWe., 2 loop plant, using ductless
large bundles (fuel blocks). Fuel exchange mechanism using under shield plug rail
is installed in place of a rotating plug. Reactivity is controlled by liquid
lithium system that gets rid of solid control rods and CRDMS. Double-tubed
steam generators are installed as a primary cooling circuit eliminating an inter-
mediate cooling circuit. Fuel exchange is performed every 3 years with one batch.

That is. the fuel is not replaced for 3 years, and the whole core is replaced
every 3 years. Whole core void reactivity is $1.6. The reactor has a low linear
heat rate and a low burnup core.  Further study is needed to make void reactivity
less than $1.

The small divided core plant is intended to generate 300 MWe by using three
100 MWe cores in a reactor vessel. The aim of this design is to have the core
safety attained by the 100 MWe small core in the 300 MWe plant. Characteristics
of the plant are same as the small long-fuel-life safety reactor. This plant has

3 loop cooling circuits.

"»Plant Engineering Office, Technology Development Division, OEC, PNC
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#4244 TEZBOEMMEED

One-Croup LMFBR Cross-Section Set +)

{all cross sections in barns)

Nue!ide Yo g 7 ¢ 7 a Tyr
1. Pu-239 5.878 2.007 2.481 §.593
2. U-238 0.142 §.051 0.404 8.181
3.  Pu-240 1.104 0,367 1.093 §.384
4. Th-232 0.023 $.019 0.497 8.130
5. U-233 7.638 3.036 3.461 8.135
6. U-234 0.898 {.350 0.961 £.234
7. U-235 5.297 2.156 2.844 §.246
8. U-236 0.299 g.111 0.778 §.268
9. Pu-241 §.663 2.894 3.337 §.718
10, Pu-242 0.827 0.269 0.695 §.404
11. Na 0.00189 3.728
12. Fe 0.00867 3.594
13. 02 0.00126 3.104
14. Bi 0.00400 6.930
15. Al 0.00465 2.734
16, Mg 0.00097 3.704
17. € 3.4 x 10°¢® 3.211
18, B-11 16.8 x 10°° 2.726
19.  B-10 2.592 3.7h4
20. Be 0.0056 3.628
21. Li-b 1.089 1.989
22. N 0.0022 3.104
23. Li-T 28.8 x 10°° 1.154
24. H 51.7 x 107° 2.448
25. D -— 2.214
26.  Pu-239 fission 0.4973 11.92
producis
27. U-235 fission 0.4136 11.91
products )
28. U-233 fission 0.3684 11.91
products
29. Pb 0.0040 6.892
30. Re 1.285 7.568
31, ¥ 0.327 7.1380
32. Ta 0.950 7.172
33. Mo 0.131 6.160
34. Nb 0.282 6.488
35. Ir 0.0197 6.357
36. Cu 0.0686 4,678
37.  Ni 0.0244 4,771
38. Cr 0.00869 3.287
39. W 0.02055 4.941
40. Ti 0.01528 3.621
41. Ca p.00014 1.858
42. K 0.02017 2.104
43. Si 0.00302 2.365
+)

Data taken from Driscoll
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%425 IEgBEOHZEW

Nuciide Concentrations +)

(nuclel or molecules per ¢¢ in multiples of 102%) ¥
Nuclide Metal Oxide (Di) Carbide (Mono)

1. Pu-239 0.0493 0.0258 0.0333
2. U-238 0.0480 0.0244 0.0333
3.  Pu-240 0.0495 0.0258 0.0833
4. Th-232 0.0300 0.0228 0.0263 (ThC2 = 0.0226)
5 U-233 0.0480 0.0244 0.0333
6. U-234 0.0480 0.0244 0.0333
7. U-235 0.0480 0.0244 0.0333
8. U-238 0.0480 0.0244 0.0333
9. Pu-241 0.0495 0.0256 0.0333
10,  Pu-242 0.0495 0.0256 0.0883
11. Na 0.0255

12. Fe 0.0848

13. 02

14, Bi 0.0283

15. Al 0.0603

16. Mg 0.0432

17. € 0.0800(for =1.80gmns/ce)

18. B-1l 0.1360

19.  B-10 0.1360

20, Be 0.1240 0.0720 (Bel)

21,  Li-6 0.0464

22. N

23. Li-T 0.0464

24. H 0.0334 (H20)

26, D 0.0331 (D20)

26.  Pu-239% F.P.

27. U-235 F.P.

28, U-233 F.P.

29. Pb 0.0830

30. Re . 0.0663

31. W 0.0626

32. Ta 0.0052

33. Mo 0.0640

34, Nb 0.0550

36, Ir 0.0423

36. Cu 0.0848

37. Ni 0.0900

38. Cr 0.0816

39. V¥ 0.0702

46, Ti 0.0560

41. Ca 0.0233

42. K 0.0133

43, 8i 0.0510

¥100% theoretical density at room temperature.
¥kNatural B Is 19.8 atom ¥ B-10 and Natural Li is 7.52 atom % Li

*) Data taken from Drisecol]
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W. Nb, Mo, Rez &2 b I Ehbd o,

HEBTLEOMEE OB ¥ K4.3-1912/R T, O, SUS304D1kg
DEERZLE L EDEEREOlkgd 2 h OffiEERL-bOTH
%5, V. Reld#lYBHELRZEBTH Y, K75 v MR TAICIEES &
wWEZEIbNDL, T/, Mo, Ta, W. Nb% ILE L 22358121k, Ta.
WitHE»AMo, NbD2ERE W ®, BZFEDH 0 OEERICE T & Mo,Nb
D15~2fF2 % 5, NDIZLIIZH T 2 BBEN Mok Y KZ Wi EERT
L BHREPELR TV I ENTFHESNS,

IheDZ ehs, EBTEOHTIIMoMLL L EREM & | itk
WHARMTERT T P MZBELTWE EEZ SR TWE,

Y& B ITEMo) & 5E& D iR

BIETHEE L -8B THEMo) & — BB EREEN & LTHVwWL R T
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I, BIBEEN., EREFEHE L LTRUTO LY 28&0»ITo N
o
O®iREEHN  SUS304. SUS316. 9Cr-1Mo, 2iCr-1Mo%: &
QAP TZIM,. Mod&

FRRDO L) MBI oW TITF b - REEHRK TOHIELIPEARER
FER w X4.3-20~X4.3-2512, EHEOMK % FK4.3.81TRT U8,

NikUNiRDOEENATF B A —NiZ, LITON, OOBENEVIEE
Th, EROZRL, FEORBEL LISt TREVED, &
75 OLIBRBOME L L TiE S v, SUS304, SUS31613xMo.

©® 06 00
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FDO, NRESERWIEESICORABEI L 2RERDS. XiEHEoiEE
DETHFELCHIL2ZBRETH LHERABEYOMBL LTEEL TR
WZ kb5, SUS304, SUS316& tb~<TNb, TZM, MoizLi?F 0,
NREEFBWEEII I Z20BEOES IS R L EABEYoMB & L
TH+HaERTRTH 5,

H4.3-26 12 xFEAEORELIMRERBHE L RT0), ZoML Y ER
BEM OBRREEETIE, SUSSMLE LD EI B A—AFF 4 FRAF ¥
VA LD b, 23Cr-1MoRICr-IMoDtk%e 7 2 5 4 P RATF VY L AD I3
ADLiE ORFEHMS RN L 2Shh 5,

PBloZ &b, LiLEFHORWHEE L Tk, Mo, TZM% & DMo
&, WCr- 1Mo & ) B 7254 FRATFVVADRDD I Ebho
A
)LiBsFBEMN OEE

LifaDBEN ¢ B2 T 5 7:012, fi2EII B TLiL EXFEO B it
B ZDMEIC oV TRE ST 285, ZOMICToRE &2 2E
TAELEND L,

@ SLi(n,a’ TR & WTAHRET 5720, TOBZBBLEO/NISVWHETH

5k,
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@ BFHRTEET A H o T, BELXLOMIENFE (., BERRV¥E

ErMBEThEZ E,

DQizowTid, 4320l BT, T-EBEOHBIE>VWTHR, +—
AFFAPRAF Y LVAFLBHNTOZBREMEVDI 00, FFE O
B, LiicEgEe ., KRl s Tk, 12 & A ETXT1LKRNaH
HHEERD E V) I EBGThoTWVD, LoT, QREEMERD S
EFLBEREE O, QII2oWTik, 72954 PRAF YV A,
TZMIZ DWW TR TEMEE LT RIER SR TR -0HET S L E
2oNEHD, EETRLLTOMoI2PWTIEBEL,ATE W, T 7,
21Cr-1Mol= 2 W T RBEL EYMITAI LItk » T, BEOERIZE
BTEIERbDPo>TWE, H4e3-271221Cr-1MofENBRAERSITB &
T TEBBRANEORE LR T, B ORERS A 0.02mm)iEE T
HEDIIH LT, BEBILEZT>TwiRVH DI, 0.5(mm)E. #
BEORERE ER L, BIR(TS0°C)TEHAHE % i § 2 £ 12 X o TH1ML
?0.12mm) F CREFEEIFLLTWE I Ldbhr s,

INLDOTEREETHE, HETEEL LI XERORVWHTEO
R -0 % BADIZIE., BL4HBICOWTEA ZEGETOE
ERE, MIEoRF 2T ILESD L0, T CRLIFHEME & L
THELTVWAMBERTIZE D, LIASOME L L Tk, Mo,
TZM, 7 x5 4 FRAF VLV ANBELTBY, 207254 +F
AFVVATERPHEELAE, LitETAEICMo3 I —F 4 ¥ 77
2REDFEMEZOLND,

(3L B ENERB R D 4251
QFI T, LiLEFEEORVWHBI 28R L12k » T, Lilz & 21EEH
DFEEH S L ERFT LN, BREFCLHEEME LT, LEVEE
HEOEVL{EE AV LIC L o THATEX 2B OEELET TWw
5, GREFOTHEMN & L THRIFTSA T E b 0L LTk, LiPb,
Li17Pb. Pbggligg. Flinak, FlibeZz ¥4*H 5, S h b OLi{bEWE R T
v E LTHYWSBEOF S EMESII2WTLTIZE & D5,
O FLEDEHET 21213, SLit,PTRIESLETH E7-0, LIOFE
B hwvE,| flEMOBENEINL., EFREFROBEEIREL R
5o
@ Lik Y&BHE L ofkERITBY, LitPbOLEW TEPOA ST L
BEM MKy, Flinak, Flibe Tik, 800°CREE % LNidE& b HEM &
LTHERTE 20D, (BREERIFCNS 7 a4 -NEDL—75600°C
T2000hrll LT CEE X N EEMED S, )
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® Litl~_T, Li&PbD{bA#. Flinak, Flibedt!ITOBMHE IRV,
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Ol & L TREZLiEPbOEIE, LEWOME L &IZ0v TOREDY
VETH D,
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RIBEIERE R E, BIER L BEE) 77 2 9FR0E Y o) F7 4
BECTEINREIC S 5, BEIFICIZ, BTHRERICACT AN
2o, WY F Y APFELNTRL AL I LTS A, BOHIEHE
DIGEEOETHRIREIIIIET 5, 5l &V TERILEIZDIRL ITAr AV R
Exmir, BETF9 LABEMEFRLTIFL R IRERCFLEN» LR
L. WAEFHESRLBEH L CEBEERE THAF Lo b, MTJEERT
DEERE I EROBEMF ) F 7 A EMETFB I LICE DITbR %,
PRI B L B ORECERDAr T AIEEZ TS & & THlfE)
F 7 A DWHL % B THRLHEI 2 TP, &R IS SIS AIRREII T
et BIELLEB S CHEY F o AR EFAr T AE R RET A2 L TR
%o BlERV THREROAr T AE S BIE LEE) 77 586 % L LR
% T h, BT b RER IR B IERE LR BT 5,
FRREFFEL) y TR, SHEROAT AENFER TV, £,
BEREDBFEI T 7 ADOENETICEIVETHERZ 7 6%4T ),
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AFRIT & 5 FISEREARORE L i ic oV THRETT 5,
QWEY 7 ABFBILT sEEPETFEHRICOWT
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BEERERIV)VF Y AEBUEBECORERHEFEIE,
3.5X 104 (n/ecm?*sec) T H B, FEFF O L 40%E. REZFTEOR L T 5
&,
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POEARYF T ABRIFRFKBARETH %,
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A3 UFJLEF NI LOYHE—-EE

IH E i & Li Na
{cH

A (C) —_ 180. 6 97. 82
B A (C) —_ 1342 881. 4
BRAEH (Keal /kg) _ 158 27. 05
HREH (Koal /kg) _— 4680 925. 6
PRIEEE (kg c) 500 0. 931070 | 5 paxpo”
W (kg ) 500 483 832
B # (el kgC) 500 1. 01 0. 312
MHES (kg s /) 500 Leax1070 | oasxa07d
MRS (d/s) 500 L3ex 10T | g eex10
BIESE (Keal/abC) 500 45. 3 57. 9
B ESE (of /h) 500 0. 093 0. 223
KMWES (410 ) 500 347 157

...55_
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FT43-2 F—AXFFA1PRF2 L RO

(Wt%)
No, Type cr N i Mn C = S = Others
®, @ | 310 23-26 19-22 | 0.5-2 |0.15]0.03
@~® | 309 22-25 13-16 [ 0.5-2 |0.15 ] 0.03
O~®@ | 21-6-9 19-21.5  |5.5-7.5 |8-10 |0.08|0.03
@ |A.216 19.6 5.7 8.1 |0.07]0.02 o, 2. 1
Q~19 | 304 17.5-19 | 8-11 0.5-2 | 0.06 | 0.03
aV~23 | 3041 17.5-19  |9-12 | 0.5-2 |0.03|0.03
@ | 303 17-19 8-11 -2 [0.12]0.15-0.3
a5~@d | 347 17-19 9-12 | 0.5-2 |0.080.03 b, 10xC-1
29~3) | 321 17-19 9-12  [0.5-2 |0.08]0.03 - |Ti 5xC-0.7
GI~3 | 316 16.5-18.5 | 10-13 | 0.5-2 10.07]0.03 | HMo,2.25-3
@ | 3161 16.5-18.5 [11-14 | 0.5-2 |0.03]0.03 | Mo,2.25-3
@ | 4.286 Mod. 15.1 28 0.1 |01 |01 ;(‘)gg
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+433 T7x54 MADER

(WL%)
No, Aldoy Type{C r|H of C other
@, @ 4130 0.7 — [ 6.3 0.2H0
©) — 1.38 0.5 |0.04| 0.3381
@ Croloy 2 — | — (ngi
® | Croloy 2 0.4 |0.08 éf‘?&%ilzm
© - 2.5110.5710.04 0. 3781
@ — 4.2510.5310.05] 0.25Si
406 13 — — -
Q) 430 15.6 — 10.04 -
© 430 16 — — —
@ E.Brite 2 | — | — THo
a - 27.5(0.2 |0.06| 0.47Si




F4.3-4 A0FERBICTURRNaFICHH I MW B TED LW

| =] A (Mwt) | TOREE (Ci)
° ~ - ? (11)
(Ba CHIfHEE) 714 3. 07X10°
x 7 3 v b
260 3, 94%x10°

(L iH8%)
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F435 ERAESBEOEFEECRA

ol ) FF= BE(°C)
Ta 73 2996
Nb 41 2415
Cr 24 1875
Mo 42 2610
W 74 3410
v 23 1900
Re 75 3180




=436 —V—BHERBICLIZEREHASEOLTERER
Eﬁgﬁ {&iﬂﬂnﬂ E{E&ﬁﬁ:ﬁ Eﬁﬁ{t (Mg/inz) H. ﬂ 0) ﬁ E :Ui E,E-
c) CH (h) & &8 x 8 ¥
927 528 500 -0. 1 +0. 4 No attack or erystal deposition
871 593 300 +0, 1 0 No attack or erystal deposition

-09— -

B 24X 10 (ee) D XA

816 482 100 -1. 3 Y fEE 38 - No attack or crystal deposition

816 5903 100 -0. 2 o No attack or crystal deposition

99T-06 0I¥6NS ONd
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F43-7a ERAREBERVUTDELOLHEERHAER
gop |(RREBEIAREE | sexn|l 8 R | sEXH
Ti 710~820 1080 Convection :Ha:’:ﬁ |ght preed and Kelly]
Ti 1000 400 capsule |siight attack | Cunning ham
Zr 8i6~871 1070 Convectiion nil attack Preed and Kelly]
Zr 1000 400 capsule nil attack Cunning ham
Vv 817 1194 Convection nit attack Preed and Kelly
Nb 816~1093 8233 Convection nil attack De Van. etal
Nb-12Zr 1370 1000 | capsule | light attack |0 tastlY and
Nb-12Zr 1150 6000 capsule slight attack | Romano. etal
Nb-10%-1Zr-0.1C 1205 9437 capsule no attack Romano. etal
Ta §16~982 2261 Convectlion nil attack De Van. etal
Cr 816 160 capsule %%‘%l'o_z(m) Hoffuan
Mo 1370 1000 capsule | Iittle attack | o naoiry and
Mo-0. BTi 816 694 Convection nil atiack De Yan. etal
(Mo-?;r. [E;Z'I‘?{UJZI' 1650 1000 capsule | no attack | bo Mastry and
-0.01C) -
Mo—-50Re 1650 1060 capsule no attack giegizﬁg and
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%4370 SEALERUVZINAEOLNERRR

L 7

x| Y

2 = y A%, 4 ZE s

®oOH e Gy | H B [ £ % X Wk

w 1370 1000 capsule no attack ge Mastry and
reenauer

Re 1370 1000 capsule no attack De Mastry and
Greenauer

W-0. 9Nb 1370 1000 capsule | no attack | ¢ Mastry and
' Greenauer

W-15Mo 1370 1000 capsule | no attack | D¢ Mastry and
‘ Greenauer

W—10Re 1370 1000 capsule a0 attack De Mastry and
Greenauer

W-25Re 1370 1000 capsule no attack ge Hastry and
reenauer




3438 FZMEOHERK

Chemical composition of test specimens

Molybdenum TZM Niobium Type 304 S.5. Hastclloy N

(%) (%) (ppm} (%) (%)
C 0.013 8 0.07 - 0.065
H < 0.0001 0.4
(0] < 0.0003 23.4
N 0.0004
P 0.022 0.01
Al 0.15 0.1
Co 0.007 0.005
Cr = . 0.05 18.5 7.55
Cu 0.01 0.05
Ie < 0.009 < 0.001 < 0.12 bal. 0.08
Mn 0.03 1.45 0.05
Mo bal. (> 99.9) bal. 0.7 11.48
Nb bal.
Ta 100. Nb+Ta 1.78
Ni 0.007 0.001 0.15 9.4 bal.
S 0.07 0.06 0.004
Si < 0.002 0.6 0.55 0.04
Ti 0.47 < 0.02 0.03
v < 0.8
W 64 : 0.006
Zr 0.097 < 03

NVR < 0.005

991-—-06 O0T¥PENS ONd
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439 BHKHICFRINZIEBOES

ABRAEFTROELIL WP

ARBRGKFXROZEA (m)

# ¥ | LifhO.N #RE | LithO.N B3 | LihO. N & [ LirdR0.N 2R | LichO.N R | Lidh0, N BRBE
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