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Core Characteristics on a Hybrid Type Fast
Reactor System combined with Proton
Accelerator

Yasuki KOWATA?* and Akira QTSUBQO*
Abstract

In our study on a hybrid fast reactor system, we have investigated it from the view point of
transmutation ability of trans-uranium(TRU) nuclide making the most effective use of special
features(controllability, hard neutron spectrum) of the system. It is proved that a proton beam is
superior in generation of neutrons compared with an electron beam. Therefore a proton
accelerator using spallation reaction with a target nucleous has an advantage to transmutation of
TRU than an electron one.

A fast reactor is expected to primarily have a merit that the reactor can be operated for a long
term without employment of highly enriched plutonium fuel by using external neutron source
such as the proton accelerator. Namely, the system has a desirable characteristic of being possible
to self-sustained fissile plutonium. Consequently in the present report, core characteristics of the
system were roughly studied by analyses using 2D-BURN code.

The possibility of self-sustained fuel was investigated from the burnup and neutronic
calculation in a cylindrical core with 300w/cc of power density without considering a target
material region for the accelerator. For a reference core of which the height and the radius are
both 100cm , there is a fair prospect that a long term reactor operation is possible with subsequent
refueling of natural uranium , if the medium enriched(around 10wt%) uranium or plutonium fuels

are fully loaded in the initial core, More precise analyses will be planed in a later fiscal year.

*Frontier Technology Development Section, Advanced Technology Division.
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Neutron energy group strcture for a core diffusion caleulatim using 2D-BURN code. (1/2)
o — 708 I 1 8% (B
x N F—5eE 2% | Fission Spect. | 3= | Fission Spect. | 2% | Fission Spect.
000 ~ 7.78800ie¥) | 1 [8.3498X10°° .
TR N N A P TS Ui Il stiitttadit I (N
50653 ~ 4.7237 3145889X10 |, | 1 1e163x10°" - 50222810
17237 ~ 3.6788 17,3294 X102 '
36788~ 28650 5 (9. 7428%X 10~ N
28650~ 2.2313 ST x| o | 2B .
5.9313  ~ L13i1 TILIR20XI0" | , | 5 9357 x 10" 4.330880x10
17377 ~ L 8534 § 11.0837X 107" :
13534~ L 0540 9 [9.5137X 10~ .,
R R R AT U Bl M 74274107
082085~ 0.63328 | 1116.3L14x10°°
063008 < 0.49787 [ 12]4.8710X10°% | 6 | 1.48467%107'
049787 ~ 0.38774 ] 13]3.6643X107? ) i
038174 < 0.90197 [ 14]2.7021X10°? 3 | 4.05449 <107
030197~ 0.23518 |15/ L96I8x10F | 7| 6.0711 X107
0.93318  ~ 0.18316 |16 | L. 4072X107
018316 ~ 0.14264  |17]9.9987X10°°
G Lio6d  ~ 0.11100 [ 18(7.0524x10~° | 8 | 2.1997 X107
011108 — 0.086317 |19 4.9459X107
%6 517CkeV) ~67. 379 (keV) ] 201 3.4531X10°°
§7.3710  ~52.415 2112.4055X10~° | 9| 7.5227 107
52475 ~40.868 22 [ L6671 10~
10,868 ~3L.828 23 [ 1 1543% 10~
31,828 ~24.788 511 7.9794x10- | 10| 2.50311X107* | 4 | 1.084796% 1072
94,788 ~19. 305 25 | 5.5089% 10—
16.305  ~15.084 56 [ 3.7095% 10~
15,084 ~L1L709 5715 6185% 10— | 11| 8.2215 x10°*
1..708 __~ 9.1188 98 | L.8035X 10~
91188  ~ 7.1017 291 1 2416X 10~
7.1017 _ ~ 5.5308 308 S4ddx10-° | 12| 2.68388x 107
55308 ~ 4.3074 31 [5.8784%10°°
13074~ 3.3546 32 [ 4. 0433%X 107
S oElg — 2.6126 | 3310.7806X10~° | 13| 8.7359 x107* | 5 | 3.833064% 107"
56106 ~ 2.0347 34 | 1.9120X10°°
2.0347  ~ L5846 35| 1. 3146 % 10~
15846  ~ L2341 5610037610~ | 14| 2.75594% 10"
Z0.9%112 ] 37]5.8758%10"°

1. 2341
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| (2/2)
e TO0E 18% gu
= F T -5 =% [Fission Spect. | 2% | Fission Spect. | 5 | Fission Svect.
961, 12(eV) ~T48. 52(eV) 38 0.0
748. 52 ~382. 95 39 0.0 15 0.0
582, 95 ~454, 00 40 0.0
454, 00 ~333. 58 41 0.0
353. 58 ~273. 36 42 0.0 16 0.0 6 0.0
275. 36 ~214, 45 43 0.0
214.45 ~167, 02 44 0.0
167. 02 ~130. 07 45 0.0 i7 0.0
130. 07 ~101. 30 46 0.0
101. 30 ~ 178, 893 47 0,0
78, 893 ~ 61, 442 48 0.0
61, 442 ~ 47,851 49 0.0
47. 831 ~ 37. 267 50 0.0
37, 267 ~ 29. 023 51 0.0
29.023 ~ 22.603 52 0.0
22. 603 ~ 17.603 53 0.0
17.603 ~ 13.710 54 0.0
13. 710 ~ 10,677 55 | 0.0
10677 ~ 8.3153 50 0.0
83513 ~ B.4760 57 0.0
6. 4760 ~ 5,0435 | 58 0.0
£ 05 ~ 3.9210 |59] 0.0 18 0.0 f 0.0
3.0279 ~ 3.03%0 60 0.0
3. 0580 ~ 2.3824 | 61 0.0
2. 3824 ~ 1.8594 62 0.0
1. 8554 ~ 1, 4450 63 0.0
1. 4450 ~ 1.1254 g4 0.0
1.1254 ~ (. 87642 65 0.0
0.87642 ~ 0.68256 68 0.0
0.68256 ~ 0.53158 67 0.0
0.53138 ~ 0.41359 68 0.0
0.41399 ~ 0,32242 69 0.0
0.32242 ~ 107° 70 0.0
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Atomic number density of fuel and structural material used in a core and volume ratio of fuel.

(L) BETHEE (atom/barn/cm)
a Ly ERz AR
A £EE (40%) #REL (50%) PRAL(60%) | BREL (47%) 7711 1 5 1]
Mn 2.6242E-04 1.9682E-04| 1.3121E-04| 1.9682E-04 1. 0497E-03 7.8727E-04
Fe 1.1273E-02] 8.4548E-03| 5.6365E-03] 8.4548E-03 4. 5091E-02 3. 3818E-02
Cr 3.1424E-03] 2.3568E-03} 1.5712E-03] 2.3568E-03 1. 2570E-02 0.4272E-03
Ni 2, 2)108E-03] 1.6581E-03f 1.1054E-03| 1.6581E-03 8. 8433E-03 6.6325E-03
Mo 2.5045E-04] 1.8784E-04] 1.2523E-04| 1.8784E-04 1.0018E-03[ ~ 7.5136E-04
Na 8.9704E-03|  7.8491E-03[ 6.7278E-03[ 8.5219E-03 4. 4852E-03 8.9704E-03
N 1.3667E-02| 1.7084E-02{ 2.0501E-02| 1.6059E-02 0 0
U-235 9.8472E-05| 1.2309E-04] 1.4771E-04| 1.1570E-04 0 0
-238 1.3568E-02) 1.6960E-02} 2.0352E-02| 1.5942E-02 0 0
(2)_BOBMREIE
PR 0.4 0.5 0.6 0.47
#%5 JAE 0.4 0. 35 0.3 0.38
HEEH 0.2 0.15 0.1 0.15

790-46 0IP6N.L DNd
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#2-3 SRS EBRBMERELL R ST A —F L LZBE OBBEETEIC X B T ERO 254l
Change in effective multiplication factor in burnup calculation as functions of core height and fuel volume ratio.

(1) BRBEERH=40%

RN PRBEERTE (&)
(cm) 0.0 0.5 1.0 2.0 3.0 4.0 5.0
50 0.2261 0. 4893 0.5626 0. 6462 0.6893 0.7143 0.7288
100 0.2729 0. 6853 0.7736 0.8737 0.9244 0.9530 0. 9690
150 0. 2880 0. 7545 0. 8467 0. 9509 1.0033 1.0326 1. 0487
* fPL AR & R —
) BREMEREHE=50%
R & * PRBERARE (4E)
(cm) 0.0 0.5 1.0 2.0 3.0 4.0 5.0
50 0.2575 0. 5070 0.5891 0. 6856 0.7379 0.7704 0.7918
100 0.3030 0. 6759 0.7753 0. 8904 0.9517 0.9801 1.0130
150 0.3169 0.7319 0.8357 0.9558 1.0192 1.0578 1.0821
(3) RBHERR L =60%
RO E & BRBEEARG (4E)
(cm) 0.0 0.5 1.0 2.0 3.0 4.0 5.0
50 0. 2840 0.5196 0.6074 0.7130 0.7722 0. 8106 0. 8369
100 0.3275 0. 6657 0.7716 0. 8967 0.9654 1.0092 1.0388
150 0. 3402 0.7115 0.8223 0.9525 1.0235 1.0686 1.0989

¥90-46 OTV6N L D NdJ
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Change in effective multiplication factor with burnup in a core of fuel volume ratio=47%

#iE (%) keff

<

0.2970
0. 6853
0.7773
0. 8888
0.9473
0.9825
1.0043
1. 0250
1.0268
1.0178
1.0018
0.9812

—
W= PN e o
A X =R =R =R=R=R=R3 =

790-26 OTP6N L O N d
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Change in atomic number density of fuel nuclide with bunup in a core of fuel volume ratio=47% (atom/barn/cm)

PRBERAR (4E) 0.0 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0

U-238 1.594E-02] 1.481E-02} 1.381E-02[ 1.305E-02| 1.238E-02| 1.177E-02{ 1.120E-02| 1.066E-02{ 1.014E-02
Pu-239 0.000E+00) 7.721E-04| 1.131E-03i 1.267E-03} 1.322E-03! 1.333E-03]| 1.317E-03} 1,286E-03] 1.244E-03
Pu-240 0. 000E+00| 4.526E-05[ 1.258E-04| 1.930E-04[ -2.509E-04| 2.988E-04| 3.380E-04| 3.695E-04| 3.940E-04
Pu-241 0.000E+Q0| 1.828E-06| 8.439E-06| 1.603E-05| 2.380E-05| 3.107E-05] 3.765E-05| 4.346E-05| 4.845E-05
Pu-242 0. 000E+00} 5.532E~-08; 5.067E-07| 1.372E-06| 2.627E-06| 4.192E-06| 6.012E-06]| 8.030E-06(- 1.019E-05
U+Pu 1.594E-02; 1.563E-02]| 1.508E-02} 1.453E-02{ 1.398E-02| 1.344E-02( 1.290E-02| 1.236E-02| 1.183E-02
Pu 0. 000E+00| 8.192E-04| 1.266E-03] 1.478E-03] 1.600E-03} 1.667E-03| 1.699E-03| 1.707E-03| 1.697E-03
Pu™ % 0.0 5.0 7.6 8.8 9.6 10.1 10.5 10.7 10.9
Pu/ (U+Pu) % 0.0 5.2 8.4 10.2 11.4 12.4 13.2 13.8 14.3
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" Change in weight of fuel nuclide with burnup in a core of fuel volume ratio=47%

i (kg)
BRBEEAR (4R) 0.0 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0
J-238x1/10 247.461 229.92| 214.38 202.63 192. 22 182.75 173. 88 165. 44 157.32
Pu-239 0.00] 120.35] 176.27 197. 54 206.13 207.71 205, 28 200. 38 193.93
Pu-240 0.00 7.08 19. 69 30. 21 39. 27 46. 77 52.91 57. 84 61.67
Pu-241 0.00 0.29 1.33 - 2.52 3.74 4,83 5.92 6.83 7.62
Pu-242 0.00 0.01 0.08 0.22 0.41 0.66 0.95 1.27 1.61
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