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Void Reactivity Analysis on High

Temperature Fast Reactor

Nobuo Ohtani, Akira Otsubo,

Kazuo Haga

Abstract

Core physics was studied on the High Temperature Fast Reactor (HTFR) whose
prime objective is to produce hydrogen. Eore of HTFR consits of nitride or oxide
fuel, and thermal power of a commercial HTFR is assumed to be 300 to 400 MWt,
The analysis 1in this report aims at the core design having negative or small
positive void reactivity from view point to attain safety if the reactors.

The method of decreasing sodium void reactivity coefficient was to increase
neutron leakage through the large surface area of the core by adopting its shape
of a pan cake (core height/core diameter=1/2 to 1/3).

Result of the analysis revealed that, total void coefficients is negative
for all cases analyzed with U fuel. However almost all the cases analyzed had
positive void reactivity coefficients for MOX fuel,

Burn-up calculation was peformed for U fuel core. Calculational results
showed that the excess reactivity of about 5% was necessary to compensate
reactivity decrease due to the burn-up during a year.

The above calculations were performed using the CITATION cede.

High Temperature Fast Reactor Working Group, New Reactor Power Dynamics Research,
Frontier Technology Development Section, Technology Development Division,

0-arai Engineering Center
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glekz s, B - WBRHEHE (BRE) OCE&sRL > TENERILELRIT 3,
(4) Fly 4 Xk, KAV ERCBEELET LD, FhETREBCHRET 5. @—
HATHELB/PNELBAEF P v oS FRIGER/NE (L3,

(5) 3 ERBLEORETRAALER, 57 L 2AFEOFNFEA FERNERH IS
5 2B B I ENPFSMENT ot

(8) 93 YFLEMOXFLETHREHEEZT o TDOHER., v YPLTRI1IEH
ORBHMEHEELLIE LG, 5 UEEORBEREEEZRBET I X TORERE
ERVNETHEI BT,

SEOHETE. BEE VYR FORHEHRERP OEBLTWAEREALT . HiEH
GEREEDTEREBROSOEEAL THRINET - o E{LHRBREB{MREIC L~ TH
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PNC N9410 90-—083

{8 A HERERLALERT —7

wHEEIE ., FOEEOER T - 2REATLD T,
EOF— s 2BECLTRE LR, BRAREGMK 105 5 o—FRL (NW) OfRk
EEDDIODTH Do Thoy 7o N~ EHEESHLEREBERTHOGRLEERNT

Whg

SHHEOFR LT B BR

MELSHEREBABRT ~7
] g8 MONJU HONJU:NW [J0Y0-ukl POYORKL:NH

KA o F L {ce){ 11.460| 10.460 8.150 b J 47
EERE Xy T t (cam)]  0.200 0.200 0.150
5y NEE s (em)]  0.300 0.000 £.190
EERAY VY n{-) 169 169 91
v nE d (cm)|  0.650 0.650 0.630
vy EEE q (co)|  0.047 0.047 0.035
BEASL v R IR a (cm)|  0.540 0.540 0.540
74 r—2AA—%4E r (cn)| 0.132 0.132 0.120
AR—GEHE o F e (com) 20.000| 20.000] 26.600
SRR p (cm) 0.787 0.787 0.760
S ERIFER (en2)] 113.737| 94.753| 57.524
BEAL oy b IFER (cn2)| 98.705| 38.705| 20.841
5 o 2 I R (en2)| 11.380 0.000 5.140
WBRETHER (cn2)| 15.047| 15.047 5.954
74 r—ax—yiERE (cn2)  2.326 2,326 1.032
o R (cm2)| 28.763| 17.373] 12.126
A KRB ER (cm2)| 2.328 2.328 1.572
WHHEEER (ca2)| 43.942| 36.348 | 22.984
p/d & (- Lo 1.211 1.206
EAGNBEE (%) 34.030| 40.848| 36.230
R A R ek (%) 25.289| 18.335| 21.080
BEWNEA RS (%) 2.046 2.456 2.733
oA HH (%) 38.635| 38.3611 39.956

NoOE { %3 100.000| 100.000| 100.000
ESEMRBTEHEHE 1.345 2.228 1.719
PHEYEANEE {cuZH 0.6730 0.5607 0.6321
BumBEhovyFkyg (-} 1.4859| 1.7836| 1.5820

213 F



PNC N9410 90-083

BANE Y5 UELEHERM (UN) FLORETHEET -7 5/30/90
fEE&ER - Nb-1%Zr-0. 01%C
=—>
U 2358k (wtk) 32. 00 34. 00 36. 00 38. 00
- U 238F=EIE (wtk) 68. 00 §6. 00 64. 00 62. 00
IREFEGERE  (g/cc) 14. 32 14.32 14. 32 14. 32
EUAREE () 0.43 0.43 0.43 0. 43
¥~y FEREE(-) 0. 85 0. 85 0.85 0. 85
(Pu, )G 0.94 0. 94 0.94 0.94

R ARl (-) 0. 39 0. 39 0.39 0. 39
EEMEELE (O 0.15 0. 15 0.15 0.15
AR AR () 0.03 0.03 0.03 0.03
PREIEREERE (g/co) 4. 9434 4, 9434 4, 9434 4. 9434
U 235 E42EF  (fll/ce/b) | 4. 0531E-03 | 4. 3064E-03 | 4. 5597E~03 | 4. 8130E-03
U 238 B ({8/cc/b) | 8. 5039E-03 | 8. 2538E-03 | 8. 0037E-03 | 7. 7536E-03
N 2ommE  ({B/ce/b) | 1. 2493E-02 | 1. 2493E-02 | 1. 2493E-02 | L. 2493E-02
0 2eER  (f8/ce/b)
Na  20EF  (fl/cc/b) | 7.8857E~03 | 7. 8857E-03 | 7. 8857E-08 | 7. 8857E-03
No  SmEr (f/ce/b) | 8. 23136-03 | 8. 2313E-03 | 8. 23136-03 | 8. 2313E~02
Ir =R (@/ce/b) | 8. 4T63E~05 | 8. 4763E-05 | 8. 4763805 | 8. 4763E-05
C HEpE  ({#/ce/b) | 6. 4378E-05 | 6. 4378E-05 | 6. 4378E~05 | 6. 4378E-05
% FEME

HEHERE 8.56 (Nb)

PR 0.77 (150°C)

HHETFE 252.20 (U N#ED



PNC N941¢ 90-083

EA2R VI VEDRE (UN) FLOETFHREEF—F 5/30/90
wWEH . N2 Fug

F - 4 ‘
U 2358t (wt%) 32. 00 34,00 36. 00 38. 00
U 23888 (wth) §8. 00 65. 00 §4. 00 62.00
PREEERERE  (g/ce) 14. 32 14. 32 14. 32 14. 32
PREHERRLE () 0,43 0.43 0.43 0.43
$ 2 IR () 0.85 0. 85 0. 85 0. 85
(Pu, ) FFAEEE () 0. 94 0.94 0.94 0.94
R AR () 0. 39 0. 39 0. 39 0. 39
EEEMAREE (5 0.15 0. 15 0. 15 0.15
ZERERMARS - () 0.03 0.03 0.03 0.03
EREIEERE  (g/cc) 4. 9432 4. 9432 4. 9432 4.9432
[] 235 B4R (ff/ce/b) | 4. 0529E-03 | 4. 3062E-03 | 4. 5595E-03 | 4. 8128E~03
U 238 B ({E/ce/b) | 8. 5035E-03 | 8. 2534E-03 | 8. 0033E-03 | 7. 7532E-03
] B2 ({E/ce/b) | 1. 2503E-02 | 1. 2503E~-02 | 1. 2503E-02 | 1. 2503E-02
0 #HEE  (E/cc/b)
Na  SEEE  ({l/ce/b) | 7.8857E-03 | 7. 8857E-03 | 7. 8857E~03 | 7. 8857E-03
C HZE ({B/ce/b) | 6. 6244E-05 | 6. 6244E-05 | 6. §244E~05 | 6. 6244E~05
Si  HE=E  ({H/cc/b) | 2. 8304E-04 { 2. 8304E-04 | 2. 8304E-04 | 2. 8304E-04
Mn EEEE (@/cc/b) | 1. 4469E-04 | 1. 4469E-04 | 1. 4469E-04 | 1. 4469E-04
Ni  BEEE ({iEl/cc/b) | 6. 2711803 | 6. 2711E-03 | 6. 2711E-03 | 6. 2711E—03
Cr  H25EF  ({f/ce/b) | 3. 3634E-03 | 3. 3634E-03 | 2. 3634E-03 | 3. 3634E-03
Co XZEE  ({E/ce/b) | 2.6977E-04 | 2. 6977E-04 | 2. 6977E~04 | 2. 697TE-04
Mo  2=FE  ({/ce/b) | 1. 4571E-04 | 7. 4571E-04 | 7. 4571E-04 | 7. 4571E-04
W HaEEE  (fBl/ce/b) | 2. 5943E-05 | 2. 5943E-05 | 2. 5943E-05 | 2. 5943E-05
Pe  H&EE  ({B/ce/b) | 2.5621E-03 | 2. 5621E-03 | 2. 5621E-03 | 2. 5621E-03
¥ ATENE
HEvEE 8.80 (NAFoAATHAE

RoEM R 0.77 (750°C)
RNETE 252.00 (U N#EDH



PNC N©g410 90—083

FAZR VI UBEHRE (U0 FLORTHEET —¥

ik : Nb-1%Zr-0. 01%C

=7
U 235EEE  (vt%) 32.00 34. 00 36. 00 38.00
U 28R (vi¥) £8. 00 66. 00 64. 00 62. 00
PAEHERRERE  (g/ce) 11.08 11.08 11.08 11.08
BREMARLE () 0.43 0.43 0. 43 0. 43
~ L.y FEEEH (<) 0.90 0.90 0. 90 0.90
(Pu, YEFEH() 0.88 0.88 0.88 0.88

mwoEA AR () 0.39 0. 39 0. 39 0. 39
fEt iRt () 0.15 0.15 0,15 0.15
PEpsERaTEE () 0.03 0.03 0.03 0. 03
BREIEERE  (g/cc) 3. 7798 3. 7798 5. 7798 3. 7798
U 235 e ({/cc/b) 1B.0990E~-03 [3. 2927E-03 3. 4864E-03 [3. 6801E-03
U 238 ¥rEE (4/ce/b) [5. 5021E-03 5. 3109E-03 . 1196E-03 [5. $284E-03
N #omrr  (fiEl/ce/b)
0 e (fE/ce/b) |l 9128E-02 [1. 9128E-02 1. 9128E~02 |1, 9128E-02
Na  B&EE  ({E/ce/b) [1.8857E-03 [1. 8857603 [7. 8857E~03 (7. 8857E~03
b BEE (#/ce/b) B.2313E-03 8. 2313E-03 8. 2313603 1. 2313E-03
7r  HeEEE ({f/ce/b) B. 4T63E-05 8. 4763E~05 8. 4763E-05 B. 4763505
C B (/ce/b) . 43T8E-05 6. 4378E-05 . 4378E-05 5. 4378E-05
% RRAEME |

BiEhEE 8.5 (Nb)

AL o E g 0.77 (750°C)

ERFE  270.00 (U OMBRED




PNC N9410 90—

083

FBA AR T5 UBREHBRE (U0 FLORTHEET—%

WM "2Faq
S
U 23588 (wt%) 32.00 34. 00 36. 00 38. 00
U 238EEE (wt%) 68. 00 £6. 00 64.00 62. 00
RRHE R (g/ce) 11. 08 11.08 11.08 11.08
AR () 0.43 0. 43 0.43 0.43
~ Ly PEEE (<) 0. 90 0. 90 0. 90 0. 90
(Pu, D FEE(S) 0.88 0.88 0. 88 0.88

R AL () 0. 39 0. 39 0. 39 0.39
EEHEEE (O 0.15 0.15 0.15 0.15
PEREER AT (2 0.03 0.03 0.03 0.03
PAEIETEE  (g/ce) 3. 7798 3.7798 3.7798 3. 7798
U 235 B2 ({8/ce/b) [3. 0990E-03 [3. 2927E-03 [3. 4864FE-03 R. 6801E~03
U 238 %ﬁ"‘fﬁ’ (fB/cc/b) 6. 5021E-03 5. 3L09E-03 [6. 1196E~03 5. 9284E-03
N Herr  (ff/ce/b)
0 %{fﬁg‘ ({8/ce/b) [L. T349E-02 |1, T849E-02 [1. T349E-02 ll. 7349E-02
Na  BAEREE (f/cc/b) 11.8857E-03 [1. 8857E-02 [1. 8857E-03 7. 8857E-03
C oz ({/ce/b) B, 6244E-05 5. $244E-05 5. 6244E-05 . 5244E-05
Si BEEE ({H/ce/b) [2. 8304E-04 1. 8304E-04 [2. 8304E-04 [2. 8304E-04
Mn  BERE ({l/ce/b) |l A469E-04 1. 4469E-04 [1. 4469E-04 1I. 4469E-04
Ni  HeERE ({@/ce/b) 6. 2711603 . 2711E-03 6. 2711E-03 5. 2711E~03
Cr  BERE ({E/ce/b) B. 3634E-03 (3. 3634E-03 [3. 3634E-03 13. 3634E~03
Co  E@EE  ({E/cc/b) . §377E-04 [2. 6977E~04 1. 897TE~04 12. 6977E-04
Mo  BeERE  ({E/cc/b) {1.4571E-04 [7. 4571E-04 {7. 4571E~04 (1. 4571E-04
W ey (ff/ce/b) 2. 5943E-05 12. 5943E-05 [2. 5943E~05 2. 5943E-05
Fe  #=ZE ({8/cc/b) 2. 5621E-03 [2. 5621E-03 2. 5621E-03 2. 5621E-03
% ERE(E

BiEMEE 8.80 {"ZFu AATHRE)

WORM R 0.77 {750°C)

EFHETFE  270.00 (UOMED




PNC N9410 90-083

FA R EHAREHBRH (MOX) FLOOEFHERT—%
HER - Nb-1%Zr-0. 01%C

7 - 4

PusA{bREE (wt%) 26 28 30 32
Pu239ERLE  (wt¥) 58 58 58 58
Puz40Eetl,  (wt%) 24 24 24 24
Puzd1EEH  (wth) 14 14 14 14
Pu2d2EEEtE  (wth) 4 4 4 4
U 23528tk (wt¥) 0. 30 0.3 0.3 0.3
U 2388t (wth) 49. 70 99. 70 99. 70 49, 70
EFEAZRE  (g/ce) 11,08 11.08 11.08 11.08
EREMAREE () 0. 43 0. 43 0.43 0. 43
~ Ly MEEEER(S) 0. 90 0. 90 0. 80 0.90

(Pu, ) FFEEER () 0.88 0.88 0.88 0. 88
oA AR () 0.39 0. 39 0. 39 0,39
SR (- 0.15 0. 15 0.15 0.15
ZEREER AR (&) 0. 03 0.03 0.03 0.03
PuBREISERNEEE (g/ee) 0.9827 1. 0583 1. 1339 1. 2095
U BREIEEE (g/ce) 2. 7970 2.7214 2. 6458 2.5702
Pu239 HZE ({@/ce/b) | 1. 4363E-03 | 1. S468E-03 | 1. 6573E-03 | 1. T677E-03
Pu240 24ZFF  (fE/ce/b) | 5. 9185E-04 | 6. 3738E-04 | 8. 8291E-04 | 7. 2843E-04
Puzdl EEREE  ({B/cc/b) | 3. 4382E~04 | 3. 7026E-04 | 3. 9671E-04 | 4. 2316E-04
Pu24? EEEE  ({/ce/b) | 9. T827TE~05 | 1. 0535E-04 | 1. 1288E-04 | 1. 2040E-04
U 235 ¥R ({if/cc/b) | 2. 1504E-05 | 2. 0923E~05 | 2. 0342E-05 | L. 9761E-05
U 238 EEEEE ({B/ce/b) | 7. 0565E-03 | 6. 8658E-03 | 6. 6751E-03 | 6. 4844E-03
N HEE  ({f/ce/b)
0 M ({@/cce/b) | 1. 9129E-02 | 1. 9129E-02 | 1. 9120E-02 | 1. 9129R-02
Na 227  (fl/cc/b) | 7. 8857TE-03 | 7. 8857E~03 | 7. 8857E~03 | 7. 8857E~03
Nb B ([@/ce/b) | 8. 2313E-03 | 8. 2313E-03 | 8. 2313E-03 | 8. 2313E-03
ir B (fiEl/ec/b) | 8. A763E-05 | 8. 4763E-05 | 8. 4763E-05 | 8. 4763E-05
C HEE (f@/ce/b) | 6. 4378E-05 | 6. 4378E-05 | 6. 4378E—05 | 6. 4378E-05

e 8.560 (Nb)
MR 0.772 (750°C)
ERTE 270. 00



PNC N9410 90-083

BAGE RAEBREWAH (MOX) FLOREFHRERET -7
HiEH . N7 oA

F - %

PuE{EE (wt%) 26 28 30 32
Pu230EEHE (wth) 58 58 58 58
Puzd0eEsEtl  (wt%) 24 24 24 24
Pugdi EEEEEE  (wth) 14 14 14 14
Pudd2EEEE  (wi%) 4 4 4 4
U 235EEEtE  (wt%) 0.3 0.3 0.3 0.3
U 238EEE (wt%) 99,7 99.7 99, 7 99. 7
AREERERE  (8/c0) 11.08 11.08 11.08 11.08
PREHERREE (9 0.43 0. 43 0.43 0.43
~ Ly PEEH() 0,90 0. 90 0. 90 0. 90
(Pu, D) AR (-) 0.88 0. 88 0, 88 0. 88
VR ERELE () 0.39 0. 39 0.39 0.39
EEERREELE () 0.15 0. 15 0.15 0.15
EREEREFELE () 0.03 0.03 0.03 0.03
PUBAEIEZNEE (g/cc) 0. 9827 1. 0583 1.1339 1. 2095
U BAEIEZNZRE (g/cc) 2. 7970 2. 7214 2. 6458 2.5702
Pu239 BaEE  ({fl/ce/b) | 1. 4383E-03 | 1. 5468E~03 | 1. 6573E~03 | 1. 767T7E-03
Pu?40 EGEfe  ({8/cc/b) | 5. 9185E-04 | 6. 3738E-04 | 6. 8291E~04 | 7. 2843E—04
Pulil BEERE  (f8/ce/b) | 3. 4382E-04 | 3. T026E-04 | 3. 96T1E-04 | 4. 2316E-04
Pu24? E5ZRE  ({8/cc/b) | 9. 78278-05 | 1.05356-04 | 1. 1288E—04 | 1. 2040E-04
[ 235 BEEEE (fE/ce/b) | 2. 1504E-05 | 2. 0923E-05 | 2. 0342E-05 | 1. 9761E-05
U 238 BZEF ({B/ce/b) | 7. 0565E-03 | 6. 8658E-03 | 6. 6751E~03 | 6. 4844E-03
i ¥ {E/ce/b)
D £ (fl/ce/b) | 1. 9129E-02 | 1. 9129E-02 | 1. 9129E-02 | 1. 9129E-02
Na 5029 ({8/cc/b) | 7. 8857E-03 | 7. 8857E-03 | 7. 8857E~03 | 7. 8857E-03
C HBE ({@/cc/b) | 6. 6248E-05 | 6. 6248E-05 | 6. $248E-05 | 6. 6248E-05
Si BEEEF  ({E/cc/b) | 2.8305E-04 | 2. 8305E-04 | 2. 8305E-04 | 2. 8305E~04
Mn  BSEF (fE/ce/b) | 1 A470E-04 | 1. 4470E-04 | 1. 4470E-04 | 1. 4470E-04
Ni EEE (8 cc/b) | 6. 2T14E-03 | 6. 2714E-03 | 6. 2714E-03 | 6. 2T14E-03
Cr  #=RF  (ff/cc/b) | 3. 3638E-03 | 3. 3636E-03 | 3. 3636E-03 | 3. 3636E-03
Co  #&FEE  ({H/cc/b) | 2.6379E~04 | 2. 6979E-04 | 2. 697T9E—04 | 2. 6979E-04
o HEE ({El/ce/b) | 7. 4575E-04 | 7. 4575E-04 | 7. 4575E-04 | 7. 4575E-04
i HEE  ({fl/ce/b) | 2. 5944E-05 | 2. 5944E-05 | 2. 5944E-05 | 2. 5344E-05
Fe  HZ=E  (fB/cc/b) | 2.5623E-03 | 2. 5623E-03 | 2. 5623E-03 | 2. 5623E-03
* FE(E

S SR 8.800 (n~ARFuA)

BuEt =R 0.772 (750°C)

EOETFE 270. 00

81

Ni
Cr
Co
Mo

Fe



PNC NS410 950083

BATE U3 VEMAWRE (UN) FLOETFEEETS ¥
HiEH: 2571 R

F = 4

J 2358EtE  (wtdh) 32. 00 34. 00 36. 00 38. 00
U 238EEEEL  (wt%) §8. 00 §6. 00 §4. 00 62. 00
EEEREE  (g/co) 14.32 14. 32 14.32 14. 32
ﬁ*%i£$$*tt (=) 0.43 ~0.43 0.43 0.43
$A 3 PEEH(-) 0.85 0.85 0.85 0,85
(Pu, D) FELL(D) 0.94 0.94 0.94 0.94
s A () 0, 39 0. 39 0. 39 0. 39
e EREE () ~0.15 - 0.15 0.15 0.15
R AR (O 0. 03 0.03 0.03 0.03
ERIFEEE (g/cc) 4. 8432 4. 9432 {. 9432 4. 9432

1 235 BERE ({@/ce/b) | 4.0529E~-03 | 4. 3062E-03 | 4. 5595E-03 | 4. 8128E-03

-9

U 238 E=EE  ({@/ce/b) | 8.5035E-03 | 8. 2534E-03 | 8. 0633E-03 | 7. 7532E-03

(o]

N =R ({8 /ce/b) | 1. 2503E-02 | 1. 2503E-02 | 1. 2503E-02 | 1. 2503E-02

—

D HEE ({8 /ce/b)

Na  BYEE  ({B/cc/b) | 7.8857E-03 | 7. 8857E-03 | 7. 8857E-03 | 7. 8857E-03
C 2R (fH/cc/b) | 0. 0000E+00 | 0. 0000E+00 | 0. GOOOE+00 | 0. 0000E+00
8i  ¥ZEE  (ff/cc/b) | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00

2 ({/cc/b) | 0. 0000E+00 | 0. 0000E+00 { 0. 0000E+00 | 0. 0000E+00
Ni  EEEREE (f#/ce/b) | 1.4831E-03 | 1. 4831803 | 1. 4831E~03 | 1. 4831E-03
Cr  #ZF  ({f/ce/b) | 2.3716E-03 | 2. 3716E—03 | 2. 3716E-03 | 2. 3716E-03
Co  E=RE (f@/ce/b) | 0.0000E+00 | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00
Mo  EERE ({E/ce/b) | 1.8902E-04 | 1. 8902E-04 | 1. 8902E-04 | 1. 8902E-04
W ER  ({ffl/ce/b) | 0. 0000E+00 | 0. 0000F+00 | 0, 0000E+00 | 0. 000OE+00
Fe  B&rE (fEl/cc/b) | 8.8971E-03 | 8. 8971E-03 | 8. 8971E-03 | 8. 8971E-03
* FEfE

B =ERE 8.03

WEMERE 011 (150°0)
TR 252.00 (UN&ED
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A& 3 UEBEHBRR (U0, FLORTHREET -5
Wik RF VLR

7 = 4

U 2358 (wik) 32. 00 34. 00 36. 00 38. 00
U 2385 (wth) 68. 00 66. 00 84. 00 62. 00
REEEREE  (g/co) 11.08 11.08 11,08 11.08
ieHsiEtE (o) 0. 43 0. 43 0,43 0.43
Loy FEEE (-} 0. 90 0. 90 0.80 0. 90
(Pu, V) FrELE(-) 0. 88 0. 83 0. 88 0.88
st R () 0. 39 0. 39 0. 39 0. 39
s R () 0.15 0. 15 0. 15 0.15
PEPEER AR () 0.03 0.03 0.03 0.03
REIERERE  (g/cc) 3. 7198 3.7798 3. 7798 3. 7798

1235 B ({8/ce/b) | 3. 0990E-03 | 3. 2927E-03 | 3. 4864E-03 | 3. 6801E-03
U 238 =R ({H/ce/b) | 6. 5021E-03 { 6. 3109E-03 | 6. 1196E-03 | 5. §284E-03
N HEE  ({@/cc/b)

[=2]
o

0 HER  (fE/cc/b) | 1. 7349B-02 | L. T349E-02 | 1. 7349E-02 | 1. T349E-02

Na 3o ({@/ce/b) | 7.8857E-08 | 7. 8857E-03 | 7.8857E-03 | 7. 8857E-03 FE ARy |

C #H2EE  ({H/ce/b) | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00 | 0. 6000E+00 C 0. 00%
Si = (fE/ce/b) | 0.0000E+00 { 0. 0000E+00 | 0. 0000E+00 | 0. 00G0E+00 Si 0. 00%
Mn  EEREE ({E/ce/b) | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00 ¥in 0. 00%
Ni  HEE ({/ce/b) | 1. 4831E-03 | 1.4831E-03 | 1. 4831E-03 | 1. 4831E-03 Ni 12. 00%
Cr  ¥&EEF  ({B/ce/b) | 2.3716E-03 | 2. 3716B-03 | 2. 3716E-03 | 2. 3716E-03 Cr 17.00%
Co #vZ=EF  ({8/cc/b) | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+00 | 0. GOG0E+00 Co 0. 00%
Mo  EEEE  (f8/cc/b) | 1.8902B-04 | 1.8902E-04 | 1. 8902E-04 | 1. 8902E-04 Mo 2. 50%
W s ({El/ce/b) | 0. 0000E+00 | 0. 0000E+00 | 0. 0000E+0Q | 0. 0000E+00 W 0.00%
Fe  HEE ({@/ce/b) | 8.8971E-03 | 8.8971E-03 | 8. 89T1E-03 [ 8. 8971E-03 Fe 68. 50%

&5 100. 00%
+ EXElE

WEMEE  8.03
MEMEE 01T (150°0)
FHEFE 210,00 (UOZAK:
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{18 B EEOFLTETF—5

RELELE, EEOCF BREFELOTEF -2, Beflfl D2 LD TRT, HHit,
A.E.Walter, A.B.Reynolds, "Fast Breeder Reactors,” Pergamon Press, 1981.

D{IRATEH %0

BxY 2 b
. =1
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£B. 2 HEQQﬁﬁ'ﬁﬁﬁ@ﬁﬁﬁﬁ R LR LR R PR R TTTRIERRRY B-3
EB, 3 KEOEEMEOIELMERE rrrrrrrreraeramrareiiaiiii e B-4
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¥£B.1 IHOERFOFELEE
TABLE A-1 EARLY EXPERIMENTAL REACTORS
REACTOR CLEMENTINE EBR-I BR-1 BR-2 DBR-5 LAMPRE SEFOR DR-I0
Country USA USA USSR USSR USSR USA USA* USSR
GENERAL
Date Critical 1946 1951 1955 1956 1958 1961 1969 1973
Date Full Power 1949 1951 1959 1961 1971
Electrical Power, MW — 0.2 — — —_ —
Thermal Power, MW 0.025 1.2 {30W) 0.1 5 | 20 10
CORE PARAMETERS
Core Volume, / 2.5 59 17.2 3.1 566
Core Height, m 0.14 022 0.28 0.15 0.93
Core Diameter, m 0.15 0.18 0.13 0.28 0.16 0.88
Core Yolume Fractions
%Fucl 43 52 43
%Sodium 15** 34 30
%Other _ 37 14 27
Flux, 10" n/cm?'s 0.004 0.11 0.1 1.0 0.6 2.0
Power Density, kW /1 170 500 35
A,ps 0.04 0.6
Belf 0.0068 0.002 0.0032
Doppler Constant, -Tdk /dT

*Joint Venture with Germany and Buralom

**NaK

0.008

€80—06 0I¥6N ONd
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_TABLE A-2 EARLY POWER AND TEST REACTORS

REACTOR DFR FERMI EBR-I[* RAPSODIE** BOR-60 'KNK-2! JOYO'  FFTF PEC
Country UK USA USA France USSR Germany Japan USA Ttaly
GENERAL
Date Cntical 1959 1963 1963 1967/1970 1969 1977 1977/81 1930 1985
Date Full Power 1963 1970 1945 1967/1970 1973 1979 1979/82 1980
Electrical Power, MW 15 65 20 — 12 21 — —
Thermal Raling, MW 60 200 62.5 24740 60 58 75/100 400 118
CORE PARAMETERS
Core Volume, f 120 400 3 49 /42 60 250./70 304,238 1040 325
Core Height, m 0.53 0.77 0.36 0.34/0.32 0.40 0.60 0.60,/0.55 0.91 0.65
Core Diameter, m 0.53 0.82 0.51 0.43/0.41 0.43 0.82 0.79/0.76 L2t 0.83
No. Enrichment Zones 1 1 1 1 1 2 1 2 1
Core Volume Fractions
%Fucl 40 29 32 40/31 40 32 33/35 35 35
%Sodium 40 50 49 34/36 28 50 41/41 41 38
%Other 20 21 19 26/27 32 18 26/24 24 27
Peak Flux, 10" n/em?-s 2.5 4.5 25 2.0/3.2 33 1.8/22  3.0/50 7.2 4.1
Ave. Flux, 10" n/en?-s 2.6 1.5 1.2/2.3 1.0 20/3.0 4.5 21
Peak Linear Power, kW /m 37 28 27 39/43 56 35743 32/40 42 36
Ave. Linear Power, kW/m 35 17 23 26/31 35 16/31 24 25
Peak Power Density, kW /! T4 1002 650/1080 180 480/701 730 512
Ave. Power Density, kW /4 500 458 860 430/710 750 150/440  279/391 460 350
A, ps 0.14 0.1 0.11/0.24 0.38 0.23/0.30 0.5
Pefl 0.007 0.0068 0.005 0.006 0.005 /0,004 0.0032 0.0036
Doppler Constant, -Tdk /dT 0.002 0005  0.0037

*MK-1A /MK-1l Cores
**Rupsodie/Rapsodic Fortissimo
 Driver /Test Zone
ot MK-1/MK-[I Cores

£€80—-06 O0IP6N ONd
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TABLE A-3 PROTOTYPE REACTORS

REACTOR BN-350 PHENIX PFR BN-600 SNR-300 MONIJU CRBRP
Country - USSR France UK USSR Germany Japan USA
GENERAL
Date Critical 1972 1973 1974 1980 1984 1987 1987
Date Full Power 1973 1974 1977 1980 1985 1988 1588
Electrical Rating, MW 150(a) 250 250 600 327 280 315
Thermal Rating, MW 1000 568 600 1470 762 714 975
CORE PARAMETERS
Core Volume, { 1870 1227 1500 2500 2230 2340 2900
Core Height, m 1.06 0.85 0.91 0.75 0.95 0.93 0.91
Core Diameter, m 1.58 1.39 1.47 2.06 1.78 1.79 2.02
No. Enrichment Zones 2 2 2 2 2 2 1{b)
Core Volume Fractions
%Fuel 46 36 36 45 32 32
%Sodium 32 36 42 33 4] 42
%0ther 22 28 22 22 27 24
Peak Flux, 10" n/cm?-s 8.0 7.2 8.9 10.0 6.4 6.0 55
Ave, Flux, 10" n/cm?-s 4.5 3.2 3.0 34
Peak Linear Power, kW /m 44 45 48 53 36 36 42
Ave. Lincar Power, kW/m 21 27 27 36 23 20 27
Peak Power Density, kW /1 730 646 770 B40 520 740
Ave, Power Density, kW /1 430 406 380 550 330 295 380
AL ps 0.33 0.49 04 - 0.44 0.4}
Bell 0.0034 0.0035 0.0036 - 0.0034
Doppler Constant, -Tdk /dT 0.006 0.006 0.008
Breeding Ratio 1.0 1.16 1.0 1.3 1.0 1.2 1.24{c}
Doubling Time, years 40 10 306(d)

(a) Plus 5000 Mg desalted water /hr

{b) Heterogeneous Core

12930 LWR recycled fuel used
(d) 24 if LWR recycled fuel used

€80—06 O0T¥6N ONd
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#£B.4 HEHOEILFOFELEL

TABLE A-4 DEMONSTRATION REACTORS

REACTOR SUPER PHENIX CDFR SNR-2 BN-1600
Country France UK Germany USSR
GENERAL
Date Critical 1983 ~ 1990 ~ 1990 ~ 1990
Date Full Power 1984
Electrical Rating, MW 1200 1320 1300 1600
Thermal Rating, MW 3000 3300 3420 4200
CORE PARAMETERS
Core volume, [ 10766 6600 12000 8800
Core Height, m 1.00 1.00 0.95 1.00
Core Diameter, m 37 2.9 414 3.35
No. Enrichment Zones 2 2 2 2-3
Core Volume Fractions
%Fuel 36.6 35 37
%Sodium 338 45 41
%Other 29.6 20 22
Peak Flux, 10" n/cm?-s 6.2 9.4 5.5 10.0
Ave. Flux, 10" n/cm?-s 3.6 5.8 3.0
Peak Linear Power, kW /m 47 42 42
Ave. Linear Power, kW /m 28 30
Peak Power Density, kW // 440 620 460 710
Ave. Power Density, kW /{ 275 450 270 470
A,ps 0.42
Beff 0.004 0.003 0.004
Doppler Constant, -Tdk/dT 0.0086 0.008 0.009
Breeding Ratio 1.25 1.22 1.15 1.3~1.4
Doubling Time, years 23 27
FUEL ASSEMBLY
No. Driver Assemblies 364 350 492
Fuel Type U0O,-Pul, UG,-Pub; UQ,-Pu0, UO,-Pu0,
Fuel Pellet Form
Fuel Pellet Den., $TD 92
Smear Density, $TD 80 85
Bond Material He He He+Ar
Fuel Pellet Dia., mm 5.08 6.4
Pin Diameter, mm 8.5 5.84 7.6
Cladding Thickness, mm 0.35 0.50
Cladding Materal 31688 31688 SS
Pin Spacers Wire Grid Grd
Pin Pitch, mm 9.8 7.35 2.1
Pin Pitch/Diameter .15 1.25 1.20
F.G, Plenum Location T/B B B
F.G. Plenum Length, m 0.15/0.85 0.65
Pin Length, m 2.7 2.29 271
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T8k C UNBEFEOLEMO XBMEFOLDF FU D AFAS FRIGEODLE
1 Rivic

95 YFELTIREA FREGEXE, PV =9 AFLTHIEERAIEE, MEEF—
2 (BEMICIZ7E) TEENIRHRFEIN S, CCTRERBRERS FRIGE X EHZSIEBRST
ETHHL, REERSOz x4 F—{FEHEPL. FOHELZOEKZT» TEEN TR
2o

2 ETEX®R

G5 VIRLETNVF 2 ARLEOBNREEEFT S CEBERNTHSDT, Fld A
X, H/DHOBE—O bDEWE & Lz, BEMICE.
-H,/D=1,/3
- HEEH 2 Nb-1%Zr-0. 01%C
R - A A 2 : UN
TubrzgAFEL:MOX
THbo CHoDFLICKL THORBERENETE A FRE, PLEOLH XA FRED
27— RARDOWVWTEHE%:T - o

3 EtEFE

BEZEEMETER, CITATIONSI—FT727—F, 7¥Vad v FPHESFEL,
NECIPERI—~FRANLTHE L HECHFERALAZMERE. CIPERITI—F
DEIFIICED, TOELS 1 SHILFALTHE V., 0%, EPHEEIoEEEY
LARIGELEEZPPHENRER AN, BHRdlPEAZ T2 EETRT L,

4 FEER

|

MO XL EUNFOEMRIE, BERPHETHE S RFLER 1 FRIBEELUT
T o

LA MY

G RS 53 MO X U N L
FE RIS (%A p) 2.426 0.486
m E IE (%A p) -1.387 -1.219
EFEE (%A p) 1. 039 -0.732

IhpolHohRLIK, BER—FLY4 X, BRTH20CREFEIHEFLTIE L
ALEDBRL, REBUAOETERGEREE »TVEIeNBbhd, 2FVRIGEDCE
HEMERICBRFELTWE C Ebh 3,
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