JAERI-M
83-217

T F /A PRI OB

1983 %12H

ot fighE - AL - R RS

B & B F H W E ™M
Japan Atomic Energy Research Institute



JAERIM U F—FiE, BXREF MRS AERCLFIL T 2 HREREFTT,

AFoOfGHEE, BEREFAOFEFIESREFRERR (T30 1R R
WA ST, BELILA2 v, 48, ZoE»ItBHEARTILBESER - ¥ —
(319 11 FKAMBHFERIEA B AR -F IR RAA) THEEC LA ERRA LB 14T
BNET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports shouid be addressed 1o Infermation Section, Division

of Technical Infoermation, Japan Atamic Energy Research Institute, Tokai-mura, Naka-gun,
[baraki-ken 319-11, Japan.

©Japan Atomic Energy Research ]Eitute, 1983
WS SRR P 1
=4 il vl s & ED MR




JAERI—M B83—217

7o F /4 FEgEEEERE O

A AE T/ i 22 B RS R A B R 4R LR
AL IE - A - PR

(1983 4 11 A 11 HXE)

7?%/4F%ﬁ%ﬁ%@ﬁﬂ@dﬁﬁtbf,He%ﬁ@?ﬁ%/%F%%%ﬁﬁ@%ﬁﬂ%
%%mLt@He%%ﬂM&Lfmh%C&mio,Na@ﬂtkﬁbt&@@wz&ﬁbW%%%
WT%,L%w&%%ﬁm%ﬂmtf;@ﬁﬁmﬁ77%/4F&@@%ﬁ@@ﬁﬂ%tméo
vazoA%%wkTﬁ%/4F%ﬁ%%ﬁﬁ%%m@ﬁﬁM@ﬁé&tf,ﬁ@ﬁﬁﬁm%~
1wmmw&utoa@ﬁﬁME%mm%@%%ﬁméﬁﬁmﬁﬁén579%/4F%ﬁ%
%Kmﬁﬁéoﬂﬁﬂ%@?ﬁ%/4F&ﬁ@ﬁ?wﬁ-%ﬁ?waéﬂwtIh%ﬂm;éf
7%/4Faﬁ%ﬁﬁwwaxwaﬁwx4%£mL,79%/4F%ﬁ%®&%mﬂ&bk§
ﬁﬁﬁﬁ%@%-ﬁﬁ@%ﬁﬁ#%ﬂﬁL%%%@T&éC&%%Lkoit,He%éﬂﬂ&
fé@ﬁ%ﬁﬁ@.E%ﬁw?ﬁ%/4F&E%%$a<ﬁﬁé&%ﬁﬂﬁﬁﬁ@~0fﬁéc
&%%Lto&@ﬁm,iﬁ®@ﬂ%ﬁﬂe,??%/4F%ﬁ%@ﬁﬁﬂﬁ%$%%&%tﬁ
77?/4F%%%@%¢ﬂﬁ%ﬁ@§#&ﬁéC&,é%K,Tﬁ%/%F&@ﬁ%@%&%
ﬁ-ﬁﬁﬂ%ﬁ%ﬂMI%%ﬁEmﬁtﬁ%%%%ﬂﬁﬂ%@ﬁééc&%%ﬁbto

* I E TR &L



JAERE-M 83-217

Conceptual Design study on Actinide Burning Fast Reactor

Toshitaka OSUGI, Hiroyuki YOSHIDA and Ryokichi TANAKA*

Department of Reactor Engineering,
Tokai Research Establishment, JAERI

(Received November 11, 1983)

Tn order to-alleviate actinide waste issues, a conceptual design
study on helium-cooled ABFR (He—-ABFR) has been made, since helium cooling
provides much harder neutron spectrum than sodium cooling and hence permits
more efficient utilisation of threshold fission reaction potential of
actinides to be tranmuted. The nominal reactor power was selected to be
around 1000 MWt, considering that the annual actinide transnutation ability
of the reactor should be 300 kg/yr of actinide waste excluding U-238 which
corresponds to amount annually produced from 10 units of 1000 MWe power
reactors.

An extensive parametric study on the He-ABFR, basing on the currently
available neutron cross-section data and material data of actinides, showed
that the He-ABFR operated entirely on the actinide waste is conceptually
feasible from the viewpoints of neutronics and thermo-hydraulics and also
showed that the He-ABFR is one of the effective tools to transmute hazardous
and extremely long-lived actinides. Simultaneously, the study pointed out
that the minimisation of initial actinide inventory should be needed, when
considering very low actinide productivity of conventional power reactors,
and that the problems concerning high radiation and the decay heat release
from actinides would impose some penalties in actinide handling facilities

such as fabricating plants.

Keywords : He-ABFR, Conceptual Design, Actinide Waste, Transmutation, GCFR,
Neutronic Performance, Thermo-hydraulic Performance, Actinide

Inventory, Plant Design, PCRV
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Table 2.1 Actinide waste from reactors per

1000 MWD
(g)
Reactor Fast Reactor Thermal Reactor
Nuclide
U-235 0.215 1.21
U-236 0.006 0.618
U-238 133.0 143.0
Np-237 3.82 23.1
Pu-238 0.101 0.025
Pu-239 8.83 0.815
Pu-240 2.92 0.327
Pu-241 0.797 0.154
Pu-242 0.494 ¢.053
Am-241 14.7 1.6l
Am-243 7.72 2.74
Cm~242 0.6 “0.177
Cm~244 0.564 0.094
Reprocessing plant efficiency 99.5% for
U and Pu.
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Table 3.1 Atomic number densities of structure
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and coolant materials for He—-ABFR

{one-region core medel

(1022 -n-cm™3)

: see Fig. 3.1)

Region Core Axial and Rad
Nuclide Reflector
He 0.04862 E 0.01757
Cr 0.2310 | 1,063
Fe 0.9170 4.577
Ni 0.1810 0.9045
Mo 0.02660 0.1327

Table 3.2 Energy structure and fission spectrum of JFS-V2-25G set

oo U0 Lover v BT S
1 10,5 (MeV) 6.5 (MeV) 0.4800 0.023172 0.G19000
2 6.5 (MeV) 40 (MeV) 0.4800 0.099585 0.089549
3 4.0 (MeV) 2.5 (MeV) 0.4800 0.184727 0.177317
4 2.5 (MeV) 14 (MeV) 0.5700 0.261464 0.262604
5 1.4 (MeV) 08 (MeV) (.5700 0.195521 0.202274
6 0.8 (MeV) 0.4 (MeV) 0.6900 0.137327 0.144635
7 0.4 (MeV) 0.2 {(MeV) 0.6500 0.060323 0.064229
8 0.2 (MeV) 100 (keV) 0.6900 - 0.023788 0.025468
9 100 (keV) 46.5 (keV) 0.7700 0.009395 0.010087
10 46.5 (keV) 21,5  (keV) 0.7700 0.003078 0.003310
11 215 (keV) 10.0 - (keV) 0.7700 0.000977 0.001051
12 100 (keV) 4.65 (keV) 0.7700 0.000312 0.000136
13 4.65 (keV} 2.15 (keV) 0.7700 0.000100 0.000107
14 2.15 (keV) 1000 (ev) 0.7700 0,000011 0.000034
15 1000 (ev) 465 (ev) 0.7700
16 465 {ev) 215 (ev) 0.7700
17 215 (ev) 100 (ev) 0.7700
18 100 (ev) 46.5 (ev) 0.7700
19 46.5 (ev) 215 (ev) 0.7700
20 20,5 (ev) 10,0 (ev) 0.7700
21 10.0  (ev) 4.65 (ev) 0.7700
22 4.65 (ev) 2.15 (ev) 0.7700
2] 215 (ev) 1.0 (ev) 0.7700
24 1.0 (ev) 0.465 (ev) 0.7700
25 0.465 (ev) 0.215:{ev) 0.7700
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Table 3.3-1
U 234 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NUxFISSION
1 1.0000E-03 1.9432E+400 6.3672E+00
2 1.0000E-03 1.4977E+00 L_4O&0E+Q0Q
3 2.1%914E-03 1.5149E+00 4L .1216E+Q0
A 1.73%91E-02 1.4689E+00 3.7712E+CO
5 L, T7252E-Q2 1.2040E+00 2.9809E+00
& 4.2031E-0Q2 6.9669E-01 1.6796E+00
7 5.00%96E-02 1.1206E-C1 2.6600E-01
8 7.9132E-02 3.8682E-02 @.0852E-02
9 1.32601E-01 2.3851E-02 5.58B7E-02
10 2.4749E-01 4 .8180E-03 1.073BE-07
11 4L, 8557E-01 0.0 0.0
12 Q.2586E-01 0.0 0.0
13 1.8B491E+00 0.0 0.0
14 3.6B02E40QC 0.0 0.0
15 5.5000E+4+00 0.0 0.0
16 8.0000E+00 0.0 0.0
i7 2.1000E+01 0.0 0.0
18 3.0000E+01 0.0 0.0
19 3.3000F+01 0.0 0.0
20 2.0000E-01 0.0 0.¢
21 7.3500E+02 0.0 0.0
22 G .0000E+D0 0.0 .0
23 7.2000E+00 0.0 0.0
24 1.8500E+01 0.0 0.0
25 L. 4600E+01 0.0 0.0
Table 3.3-2
U 235 INFINIT-E DILUTION CROSS SECTICN
GROUP CAPTURE FISSION NUxFTSSI0N
1 1.07S6E-02 1.6373E+00 5.7340E+00
2 1.9984E~02 1.1038E+00 2 _3675E+00
3 3.3614E-02 1.2081E+00 3.3677E+00
& S.P048BE-0Q2 1.2787E+0C 3,3535E+00
5 1.0659E-01 1.2038E+00 3.0580FE+00
[} 1.6291E-01 1.13%385E+00C 2.8854E+00
7 2.5047E-01 1.2B05E+00 3.1531E+00
8 3.6826E-01 1.4760E+00 3.6140E+00
? 5.1940E-C1 1.7110E+00 L,1762E+00
10 7.2721E-C1 2.0071E+00 L_.BS24LEFQO
11 1.0044E+C0 2.4768E+00 &.0351E+00
12 1.4181E+00 3.3830E+00 B.24L33E400
13 1.6942E400 L.9222E+00 1.1994E+01
14 2.0033E+0Q0C 7_.1526E+00 1.7429E+01
15 L ,6369E+00 1.129%9E+01 2.7533E+01
16 7.1%598+00 1.63466E+01 3.9831E+01
17 1.1539E+01 2.0L96E+01 4L.9FLIE+O]
18 1.6565E+C1 3.55861E+0C1 8.6651E+01
19 2.3952E+01 4.3159E+01 1.0516E+02
20 4. 647458401 5.1190E+01 1.2474E402
21 3.7278E+01 L .8442E+01 1.1805E+02
e 7.0231E+00 1.7143E+401 4. 1771E+01
23 1.2390E+01 3.5949E+01 8.7605E+01
24 7.9680E+0C0 6.5379E+01 1.5933E+02
25 3. 4LL03E+01 1.5822E+02 3.B550E+02
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O~ W e

GROULP

VO~V WP

Table

U 236

Table

U 238

3.

3-3

INFINITE DILUTION CROSS SECTION

CAPTURE

1.8930E-02
3.0394E-02
5.0495E-02
1.1224E-01
3.1252E~01
2.8217t-01
2.7794E-01
3.2515E-01

1 4.2392E-01

3.

6.1749E-01
9.0284E-01
1.2262E+00
1.746BE+00
2.7592E+00
4H.6974E+CQ
5.8450E+00
1.6050E+01
2.0391E+01
3.4748E+01
1.0386E-01
3.5792E+02
2.6013E+00
1.0085E+00
1.1455E+00
1L.5477E400

3-4

INFINITE DILUTION CROSS SECTION

CAPTURE

3.58%945E-03
?.4011E-03
2.3388E-02
5.8134E-02
1.1084E-01
1.1260E-01
1.2019E-01
1.6399E-01
2.6299E-01
4.3155E-01
6.0810E-01
8.4135E-01
1.3130E+00
1.8558E+00
3.3811E+0C
4.6573E+00C
2.0917&£+01
1.6874E+01
5.7141E+01
8.1188E+01
1.7177E+02
6.7675E-01
4,9844E-01
5.9538E-01
8.1187E-01
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FISSION

1.5501E+0C
8.7173E-01
8.5263E-01
7.8511E-01
4,5236E-01
1.7820E-02

0000000000000 000C0O0

OO OO0 00 QOO0O0OC OO0 OCO0

FISSION

?.4625E-01
5.8254E-01
5.5098E-01
4 . 5879E-01
3.4147E-0C2
8.7117E-Ct
7.5590E-05
b.6661E-05
4.0000E-CS5
6.%478E-05
B.6996E-05
&.9B54E-06
2.6354E-10
1.256BE-04
5.7922E-04
1.4969E-08
1.0440E-08
1.1969E-08
1.5864E-08
2.2264E-08
3.1976E-08
4.6708E-08
6.8851E-08
5.6694E-C8
2.6341E-08

NUxFISSION

5.2952E+00
2.6471E+CO
2.381%E+00
2.0654E+0C0
1.1429E+00
4.4082E-02

LI 1 LI Y

.

COQOOC OO0 0O0OO0CO
OO QQO OO0 0O0O00000CO

NU£FISSION

3.314%9E+00
1.7960E+00
1.5446E+00
1.20324E+00
8.5678E~02
2.1114E-03
1.7893E-04
1.0928E-04
$.3217E-05
1.6147E-04
2.0194E-04
2.0856E-05
6.2178E-10
2.9152E-04
1.3434E-03
3.4%950E-08
2.4332E-08
2.7824E-08
3.6BH7E-0B
5.1694E-C8
7.4318BE-C8
1.0834E-07
1.5970E-07
1.3150E-G7
&.1098E-08
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Table 3.3-5
NP 237 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NUxFISSION
1 8.3262E-03 2.1727E+Q0 8.2993E+00
2 1.5473E-02 1.5424E+00 S.2726E+00
3 2.87%5E-02 1.6496E+00 S.2074E+00
4 5.9355E-02 1.6534E+00 L. F25ZPE+0C
5 1.2795E-01 1.4793E+00 4.2311E+00
& 3.0695E-01 6.9666E-01 1.9451E+00
7 6.2671E-01 ¢.078B%9E-02 2.4926E-01
8 ?.4042E-01 3.2456E-02 8.8B333E-02
9 1.2942E+00 1.8013E-02 L.8B27E-Q2
10 1.7823E+00 1.0412E-02 2.8163E-02
11 2.574L0E+00 g.6517E-03 - 2.6081E-02
12 3.9018€£+00 1.0764E-02 2.9074E-02
13 6.0928E+Q0C 8.7615E-03 2.3660E-0C2
14 S.5603E+00 2.2861E~02 6.1731E-0Q2
i5 1.4866E+01 2.9332E-0¢ 7.9198E-02
16 2.2849E+01 3.924L7E-02 1.0597E-01
17 3.2993E+01 8.36B80E-02 2.2594E-01
18 5.8230E+4+01 7.5063E-03 2.0267€~-02
19 8.1617E+0C1 1.4435E~-01 3.8974E-01
20 Q.23%0E+01 1.9306E-03 5.2126E~-03
21 Q.2840E+01 S.7609E~032 2.6354E-02
22 5.032%E+01 L. L084E-03 1.1903E-02
23 2.4625E+02 2.6523E-032 2.6061E-02
24 2.8B899E+07¢ 1.1566E-02 3.1228E-0C2
25 1.1096E+02 5.4457E-03 1.4703E-02
Table 3.3-6
PU 238 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NU*xFISSION
1 1.9322E-02 2.6119E+00 1.0521E+01
2 2.160n58-02 2.2342E+C0O 8_0947E+0C
3 4 .3080E-02 2.2684E+00 7.6348E+00
4 9.6542E-02 2.1672E+00 6.8913E+400
5 1.7396E-01 2.0502E+400 6.2670E+00
6 2.50415-01 1.5484E+00 4L.6189E+0D
7 %,5673E-01 2.4250E£-01 2.769%E+00
a8 L .B0%4E~-01 7.08%8E-01 2.0678BE+00
9 6&,4L087E-01 6.1380E-01 1.78L3E+00
10 8.6077E-01 6.9101E-01 2.0037E+00
11 1.1728E+00 7.0499E-01 2.0425E+C0Q
12 1.8595E£+400 1.3766E+00 3.9867E+00
13 2.7726E+400 1.5670E+00 4. .3371E+00
14 I.6097E+Q0 1.9430E+00 5.6255E+00
15 &.2621E+0C0Q 2.7072E+0Q0 7.8377E+00
16 1,.1566E+01 4L .1535E+400 1.2025E+01
17 2.7351E+01 6.5035E+00 1.882RE+01
18 1.3163E+01 1.7894E+C0 %.1805E+00
1% ¢.5990E-C2 5.6043E-03 1.6224E-02
20 5.1244E+01 2.7710E+00 8.0220E+00
21 6&.5168E+00 1.3732E+00 2.9754E+00
2e 4 .8256E+01 1.5911E+00 L. G6063E+00
22 5.7649E+00 1.8368E-01 S.3174E-01"
ch 1.9578E+01 6,0317E-01 1.7462E+0C
25 6.0351E+01 1.8400E+0C 5.32&6BE+0Q0
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Table 3.3-7
PU 239 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NU*FISSION
1 S.394LE-04 2.2161E+00 B.B749E+00
2 1.5010E-03 1.7323E+00 6.2261E+00
3 3.0762E-03 1.8471E+00 6.1451E+00
4 9.1358E-03 1.9318E+00 6.0710E+00
5 2.4092E-02 1.7525E+00 5.3058F+00
6 9.1742E-C2 1.6111E+C0 4L.7617E400
7 1.7523E-01 1.5143E+G0 4L _LO9BE+CO
8 2.184BE-01 1.5342E+00 4. L388E+CO
g 3.5812E-01 1.5989E+00 4.6100E+00
10 5.0693E-01 1.6234E+00 4.6737E+00
11 8.8092E-01 1.7521E+400 5.0383E400
12 1.5254E+00 2.1241E+00 6.1052E+00
13 2.7159E+00 3_0939E+00 §.8912E+00
14 3.7888E+00 4L.5389E+00 1.3044E+01
15 6.7327E+00 B_42B1E+0D 2. 4218E+01
16 1.2802E+01 1.2166E+01 3_4955E+01
17 1.7131E+01 1.8804E+01 5.4024E+01
18 3.7207E401 5.6553E+01 1.624L7E+02
1% 3.4116E+01 2.2404E401 6.4371E+01
20 6.6864E+01 1.0L63E+02 3.0062E402
21 2.6400E+01 3.4816E+01 1.0004E+02
22 1.1459E+C0 1.1052E+01 3.1754E+01
23 7.7059E+00 2.4173E+01 &.9457E+01
24 4L.4L506E+01 9.895SE+C1 2.8438E+02
25 1.1030E+03 1.6403E+03 4.7133E403
Table 3.3-8
PU 240 INFINITE DILUTION CROSS SECTION

GROUP CAPTURE FISSION NUXFISSION
1 6.9213E-03 1.7332E+00 &£.94L09E+00

2 1.3545E-02 1.5323E+00 5.4967E400

3 2.8790E-02 1.6449E+00 5.4776E+00

4 5.733BE-02 1.6353E+00 5.1485E+Q0
5 1.0188E-01 1.5290E+00 L.6364E+00
& 1.4996E-01 6.0983E-01 1.8066E+00
7 1.7538E-01 1.2828E-01 3.7382E-01

8 2.2570E-01 7.9749E-02 2.3058E-01

9 3.3934E-01 6.0212E-02 1.7341E-01
10 6.4L656E-D1 8.1B32E-02 2.3523E-01
11 1.0419E+00 7.5305E-02 2.1628E-01
12 1.4124E400 8.304CE-07 2.3839E-01
13 2.0573E+00 1.8215E-01 5.2281E-01
14 3.2599E+400 2.1772E-01 6.24L86E-01
15 5.5588E+00 3.2118£-01 9.2177E-01
16 8.3336E+00 2.1679E-01 6.2217E-01
17 2.5261E+01 3.2548E-01 9.3L08E~-01
18 4.2293E+01 2.9490E-01 8.4630E-01
19 6.7530E+01 3.1794E-01 $.1243E-01
20 2.6338E+01 1.6185E-01 4. 6LLTE-D1
21 B.843GE-01 7.3711E-04 2.1153E-03
22 B.959BE+00 2.4313E-03 6.9772E-03
23 ©.6335E403 1.8400E+00 5.2803E+00
24 4. 2430E+03 2.3869E-01 &.8500E-01
25 1.6052E+02 3.1299E-02 8.9823E-02
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Table 3.3-9
PU 241 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NU=FISSION
i 2.9635E-02 2.1015E+00 B.4711E+00
2 4.5357E-02 1.5340E+00 5.5799E+00
3 6.9074E-02 1.5847£400 5,3553E+00
L 9.7065E-02 1.7373E+00 5.5664E+00
5 1.1674E£-01 1.6098E+00 L.9725E+00
6 1.3725E-01 1.5075E+00 4.54L6E+00
7 1.9282E-01 1.6754E+00 4.9B14E+DD
8 2.8395E-01 1.9898E+00 5.8754E+00
9 4.1197E-01 2.3194E+00 6.8243E+00
10 5,5383E-01 2.5513E+00 7.4929E+00
11 7.47856-01 3.0215E+00 8.8664E400
12 1.1709E+00 4,3357E+00 1.2718BE+01
13 1.8694E400 6.6182E+00 1.9409E401
14 2.6921E+00 5.1876E+00 2.6943E+01
15 4.3904E+00 1.3928E+01 4.0BL1E+01
16 7.4812E400 2.3146LE401 6.7866E+01
17 1.0020E+01 2.0533E+01 B.9531E+01
18 1.2292E+01 4.5157E+01 1.3241E+02
19 5.9465E400 6.46333E+01 1.B864£+02
20 4.1179E+01 1.3224E+02 3.8775E+02
21 1.7932E+01 2.3984E+02 7.0329E+02
22 4.2619E+01 1.0955E+02 3.2123E+402
23 2.7687E+400 2.7690E+01 B.1196E+01
24 1.3861E+01 L. 4599E+01 1.3078E+02
25 3.5571E+02 8.1540E+02 2.3910E+03
Table 3.3-1¢
PU 242, INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NU=FISSION
1 4.507BE~D3 1.9754E400 7.6841E400
2 7.7673E-03 1.7B74E+00 6.274L2E+00
3 2.1146E-02 1.6566E+00 5.39B3E+00
4 L.1B9BE~02 1.3700E+00 4.2191E+00
5 5.7325E-02 1.3559E£+00 4.0208E+00
6 1.1071E-01 4.0B1BE~01 1.1833£400
7 1.2090E-01 7.0282£-02 2.0045E-01
8 1.4254E-01 3.2304E-02 $.1389E-02
9 2.3560E-01 2.2764E-02 9.2320E-02
10 4.1484E-01 4.5745E-02 1.2866E-01
11 5.7890E-01 6.0683E-02 1.7053E-01
12 B.8277E-01 0.0 0.0
13 1.4017E+00 0.0 0.0
14 2.4715E400 0.0 0.0
15 4 .5BSOE+00 0.0 0.0
16 6.9311E+00 0.0 0.0
17 1.1787E+01 0.0 0.0
18 4.3148E+01 0.0 0.0
19 4.6039E+00 0.0 0.0
20 ¢.8450E-02 0.0 0.0
21 7.3002E-01 c.0 0.0
22 1.3625E+03 0.0 0.0
23 1.5303E+01 0.0 0.0
24 6.34L79E+00 0.0 0.0
25 6.6229E+00 0.0 0.0

|
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Table

AM 241

3.

3-11

INFINITE DILUTION CROSS SECTION

CAPTURE

9.3524E-05
2.6372E-03
2.1693E-02
%.0C81E~02
2.4212E-01
4.9032E-01
6.8730E-01
9.8631E-01
1.3506E+0C
1.8203E+00
2.4172E+00
3.5774E+CO

' 5.5427E+00

8.7458E+00
1.3810E+01
2.1626E+01
4.0221E+01
S5.4632E+01
7.2259E+01
1.0504E+02
1.656%9E+02
1.8840E+02
6.7843E+02
7.24564E+02
1.7398E+03

Table = 3.3-12

AM 242

INFINITE DILUTION CROSS SECTION

CAPTURE

9.4102E-02
1.1474E-01
1.2820&8-01
1.3760E-01
1.43B2E-01
1.476EE-01
1.49B87E-01
1.5097E-C1
1.5154E-01
1.5182E-01
1.6157E-01
4. 44F1E-0C1
7.6774E-01
1.2044E+00
1.8236E+00
2.7411E+0C0
4.018%E+00C
4.0025E+00
5.950%9E+00
8.7702E+00
1.3490E+Q1
1.1279E+401
1.3490E+C1
3.0054E+01

- 5.6843E+01
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FISSION

2.3923E+00
2.0575E+00
1.8856E+00C
1.8322E+00
1.2983E+00
1.7118E-01
2.3299E-02
3.2885E-02

1.1053E-02

3.3264E-02
1.2053E-01
?.3293E~02
1.2797£-01
1.9436E-01
2.2468E-01
2.308%9E-01
2.2%977E-01
1.9372E-01

"3.5477E-01
4.6013E-01.

1.6535E+00
6.9371E-01
4 . 4708E+0Q0
2.4851E+00
1.0714E+01

FISSION

B.4816E-01
1.0341E+00
1.1555E+00
1.24C2E+00C
1.2962E+00
1.3311E+00
1.3508E+0Q00
1.3607E+00
1.3658E+00
1.36B4E+00
1.4562E+Q0

3.2711E+00

L. 7647E+00
7.0678E+00
1.0468E+01
1.5566E+01
2.2767E+01
3.6025E+01
5.3561E+01
7.8937£+01
1.2142E+02
1.0152E+02
1.2142E+02
2.7051E+02

" 5.1161E+02

NUxFISSION

1.0446E401
8.148B7E+00
6.9605E+00
6.4214E+00
4.4012E+00
5.6804E-01
7.6056E-02
1.0663E-01
3,5694E-02
1.0723E-C1
3.8824E-01
3.0041E-01
4,.1200E-01
6.2568E-01
7.2327E-01
7.4325E-01
7.3965E-01
6.2360E~-01
1.1420E+00
1.4812E+00
5.3226E+00
2.2331E+400
1.4391E+01
7.9997E+00
3.4488E+01

NUxFISSION

2.8514E+00
3.4767E+00
3.8845E+00
4.169.c+00
4L .3578E+00
L, L74L9E+DO
4.5413E+00
4.5746E+00
4.5917E+40C0
L ,6004E+00
4.8957E+00
1.0995E+01
1.6012E+01
2.3750E+01
3.5174E+01
5.2304E+01
7.6497E+01
1.2104E+02
1.7997E+02
2.6523E+02
4, 0796E+02
3.4110E+0Q2
4. 0796E+D2
2.0B90E+QZ
1.719CE+C3
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Table

3.3-13

AM .242M

Table

AM 243

3.

INFINITE DILUTION CROSS SECTION

CAPTURE

5.5181E-03
4.BLBBE-O3
4.3406E-03
6.5898E-03
1.2166E-02
2.5530E-02
5.8896E-02
1.2226E-01
2.2678E-01
4.9680E~-01
8.74L05E-01
1.3422E400
2.0955E+00
2.2177E+00
4.8682E+00
7.3322E+00
1.0969E+01
1.6265E+01
2.4171E+01
3.5682E+01
S.2L66E+01
4.0306E+01
1_9947E+01
1.529BE+02
4.674BE+02

3-14

INFINITE DILUTION CROSS SECTION

CAPTURE

S.4120E-03
6.7512E-03
1.2505E-02
2.750BE-02
5.5944E-02
1.23748-01
2.3683E-01
4.6432E-01
$.0020E-01
1.3971E+00
1.8666E+00
2.9364E+00

-4 .8620E+00

7.8566E+00
1.2387E+01
1.89C5E+01
.2362E+401
.5923E+01
.188B0E+01
.1759E+02
1.6064E+02
7.6882E+01
1.7646E+03
8.0001E+01
4.1760E+01

= O N

JAERI—M 83— 217

FISSION

2.4500E+00
2.0390E+00
2.2730E+00C
1.9247E+00
2.366FE+00
2.2616E+00
2.4283E+400
2.8455E+00
3.4530E+00
3.7974E+00

4.98B73E+00 .

8.293%E+00
1.2719E+0C1
1.9239E+01
2.8766E+0C1
4.2928E+01
6.3775E+01
9.408F9E+01
1.3930E+02
2.0511E+C2.
3.0104E+02
3.1879E+02
4.1121E+02
8.8785E+04
2.3296E+03

FISSION

2.4597E40Q0
1.6644LE+00
1.5652E+00
1.5861E+00
1.2094E+00
1.538B1E-01
2.2%920E-02
1.2424E-02
1.4136E-02
1.5348E-02

1.9914E-02

1.5663E-02

5.0157E-03

1.6443E-03

5.1114E-04

1.4525E-04
0

QOO oOoOCO0
.
o NolleRe o lleRleye

1
]
—

I

NUxFISSION

1.1249E+01
8.3958E+00
8.6412E+00
6.9055E+00
B8.1649E+00
7.5402E+00
B.0436E+00
@.3574E+400
1.1311E+01
1.2416E+01
1.6291£+01
2.7081E+01
4.1520E+01
6.2800E+01
9.3896E+01
1.4012E+02
2.0816£+02
3.0711€+402
L.S54869E+02
6.69LBE+02
2.8260E+02
1.0405E+03 |
1.3422E+03
2.B979E+03
7.6037E+03

NU«FISSION

1.1562E+01
6.9949E+00
6.0366E+00
5.7549E4G0
4.2111E+00
5.2212E-01
7.6262E-02
4.0965E-02
4.6LOTE-D2
5.0278E-02
6.5172E-02
S.1241E-02
1.6405E-02
5.3774E-03
1.6715E-03
4.7L96E-04

+

[sNeResReRoleNeNe el
B .
OO0 Qo000



GROUP

el BN o T BV LN B

GROUP

DN O PN N

I I N R R e e s T L ey
NP WP, O~V WD PO

Table 3.3-15

CM 242,

INFINITE DILUTION CROSS SECTION

CAPTURE

1.5235E-03
1.3B47E~-03
3.65B7E-03
1.261%E-02
2.8322£-02
4,.2877E-02
6.6533E-02

?.5303E-02 .

1.6953E-01

Table 3.

CM 243

3.4125E-01
4.9968E-01
B.3539E-01
1.5632E+00
2.8635E+00
5.1058E+00
9.9310E+0C0
2.0279E+0C1
3.0041E+01
4.792BE+01
7.9931E+01
2.9211E-01
5.0540E-01
1.1602E+00
2.3456E+00
4L, 144FE+QO

3-16

INFINITE DILUTION CROSS SECTION

CAPTURE

2.0000E-03
2.0000E-03
2.4171E-03
&4.5742E-03
©.1760E-03
2.0720E-02
5,.1334E-02
1.2320E-01
2.2802E-01
3.0B56£-01
3.8370DE-01

6.9014E-01

1.1371E+00
1.8263E+00
2.8700E+0Q0
4. 4620E+00
6.84B8B6E+00
1.0368E401
1.7855E+01
2.8675E+01
2.9753E+401
1.4509E+02
5.5852E+01
1.8970E+01
1.9213E+01
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Ff ISSION

2.5618E+00
1.8943E£+00
1.5350E+00
1.3339E+00
5.9480E~01
7.1538E-02
1.0700E-02
4.8714E-03
L.1912E-03
5.4430E-03

7.0126E-03 .

6.7797E-03
4. .643BE-03
3.2640E-03
2.1945E-03
1.0744E-03
1.8454E-05
1.18BB6E-04
7.3120E-04
4.03B4LE~03,
1.8700E-02
6.7896E-02
1.8586E~01
3.9761E-01
7.1799E-01

FISS1ON

2.0176E+00
1.7733£+00
1.9866E+00
2.3411E400
2.2679E+00
1.8582E+00
1.5849E+00
1. 7%08E+00C
2.0885E+00
2.37B7E+00

3.0081E+00 -

4 .5851E+00
7.3607E+00
1.1543E+01
1.7766E+01
2.7133E+01
4 .1030E+01
6.1388E+01
2.5460E+01
1.5194E+02
3.7120E+02
B.3434E+02
6.9003E+02
2.3030E+02
2.3252E+02

NU*FISSION

1.2197E+01
B.1467E+00
6.1278E+00
5.03B8E+00
2.1647E+CO
2.5431E-01
3.7374E-02
1.6883E-02
1.4471E-02
1.8753E-02
2.4141E-02
£.3331E-02
1.5977€E-02
1.1229E-02
7.5494E-03
3.6961E-~03
6.348B4E-05
4,0BB7E-04
2.5153E-03
1.3892€E-02
6.64329E-02
2.3356E-01
6.3935E-01
1.3678E+00
2.4699E400

NUxFISSION

$.7121E+0Q0
7.6253E+Q0
7.9126E+00
B.8147E+00
2.2227E+00
6.5716E+00
5.5174E+00
6.1876E+00
7.1894E+00
B.1723E+00
1.0326E+01
1.5732E+01
2.5251E+01
3.9596E+01
6.0941E+01
9.3066E+01
1.4073E+02
2.1056E+02
3.2743E+402
5.2114E+02
1.2732E+03
2.B618E+03
2.3668E+03
7.8991E+02
7.9754E+02
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Table 3.3-17

CM 244 INFINITE DILUTION CRDSS SECTION
GROUP CAPTURE FISSION NUsFISSION
1 3.D000E-03 2.5485E+00 1.2409E+01
2 6.4L077E-03 1.9885E+00 8.6933E+00
3 1.7902E-02 1.9380E+00 7.8355E£400
4 5.3947E-02 1.8502E+00 7.0550E+400
5 1.344L2E-01 1.9178E+00 7.0174LE+00
& 2.3125E-01 7.81863E-01 2.7976E+00C
7 3.7177E-01 1.1460E-01 4L.0311E-01
a S.L154E-01 4 .7559E~02 1.6585E-01
@ 8.8693E-01 5.8B482E-02 2.0309E-01
10 1.2134E+00 6.4689E-02 . ‘2.2420E-01
11 1.57460E£+00 5.8004E-02 2.0086E-01
12 1.8617E+00 &.27B4LE-02 2.1731E-01
13 2.L941E400 9.3339E-02 3.2301E-01
14 3.6028E+00 1.3457E-01 4. 6563E-01
15 6.9617E+00 2.3829E-01 B,2450E~01
16 1.2859E+01 3.0519E~01 1.0560E+00
17 9_94LS7E+00 3.2B94E-01 1.1382E+00
18 1.5057E+01 4.306BE-01 1.4902E+00
19 2.1263E+01 1.8956E+00 5.B467E+00
20 3.38B6E+01 1.2664E+00 4.3B16E+00
21 6.5751£+02 9.2492E+C00 3.2002E+01
22 2.2567E+00 3.8090E-02 1.317%9E-01
23 1.7110E+00 4. 2271E-02 1.4626E-01
24 2.101CE+0C0 7.5148E-02 2.6001E-01
25 2.957%E+00 1.3540E-01 L 6BLYE-01

Table 3.3-18

CM 7245 INFINITE DILUTION CROSS SECTION
GROUP CAPTURE FISSION NU*FISSION
1 3.7762E-03 2.0797E400 1.0967E+01
2 4. 494L6E-03 1.864L2E400C 8.874BE+00C
3 6.0730E-03 2.0000E+00 8.8391E+00
4 1.6139E-02 2.1312E+00 B.93L1E+D0
5 3.6975E-02 1.81B4E+00 7.3421E+00
6 7.6782E-02 1.8263E+00 7.1934E+00
7 1.5901E-01 2.0672E+00 B.0279E+00
8 2.0672E-01 2.2557E+00 B.700BE+00
9 2.8529E-01 2.L004LE+DD 9.2250E+00
10 4.5132E-01 2.5381E+00 1.012CE+D1
11 8.0105E-01 3.5019E+00 | 1.3422E+01
12 9.B44LLE-D1 3,8131E+C0 1.4609E+01
13 1.0009E+00 5.4183E+00 2.0755E+01
14 1.1038E+00 B.1307E+00 3.1143E+401
15 1,5905E+00 1.1929E+01 4L.5689E+01
16 2.342BE+00 1.7571E+01 6.7298E+01
17 3.3749E+00 2.5312E+01 9.696LLE40]
18 4 . G277E400 3.6957E+4+01 1.4155E+02
19 7.2369E+00 5.4L277E+01 2.0788BE+02
20 1.0091E6+01 7.4753E+01 2.86307+02
21 2.5727E+01 1.7971E+02 &.BBIQE+D2
22 2.56456E+01 1.9910E+02 7.6255E+02
23 3.7B99E+01 2.L7469E+02 9_LBALZE+0D2
26 3.4276E+01 2.2831E+02 B.744L1E+02
25 6.4907E+01 3.9042E+02 1.4953E+403



JAERI—M 83— 217

Table 3.4 Comparison of fission ratios at start-up core

Reactor He—-ABFR GCFR
Fuel Type
F1 L2 L1{Pu) 4 Pubd,-UO,
Nuclide !

U-235 — -— — 0.0116

U-238 — ; — — 0.1207
Np-237 0.0563 — 0.4194 —=
Pu-238 0.0041 . 0.0083 0.0079 —
Pu-239 0.5300 0.3995 0.3699 0.7963
Pu-240 0.0457 0.0418 0.0420 0.0339
Pu-241 0.0627 0.0978 0.0881 ! 0.0340
Pu-242 0.0063 0.0055 0.0056 0.0035
Am-241 0.1947 0.1738 0.0259 -—
Am-243 0.0853 0.2476 0.0373 -
Cm—242 0.0049 0.0120 ¢.0018 -
Cm~244 0.0101 0.0137 | 0,0020 l —

Table 3.5 Comparison of fission-capture reaction
ratios (9¢/9.) at start-up core

Reactor He-ABFR GCFR
Fuel Type
F1 L2 L1(Pu) Pu0,-U0,
Nuclide

U-235 — -— — 3,442

U-238 — -— — 0.177
Np-237 0.338 — 0.424 0.249
Pu-238 1.862 1.922 2.142 1.602
Pu-239 4.198 4.440 4.976 3.759
Pu-240 1.072 1.117 1.326 0.806
Pu-241 5.732 5.863 6.166 5.441
Pu-242 1.304 1.371 1,647 0.901
Am-241 0.305 0.314 0.370 0.216
Am-243 0.376 C.396 0.485 0.254
Cm-242 3.979 1.070 1.339 0.615
Cm=244 0.727 0.743 0.872 0.546
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Table 3.6 Multiplication factor with burnup
urnup -
Q0 FPD 300 FPD 600 FPD 900 FPD
Fuel Model
Fl 1.0700 1.0490 1.0269 1.0019
12 1.0700 1.0641 1.0496 1.0322
Li(Pu) 1.0700 1.0649 1.0576 1.6485
FPD : Full Power Day
Table 3.7-1 Composition changes in actinide fuel
with burnup — fuel model : F1 —
(kg)
Burnup
0 FPD 300 ¥PD 600 FPD 900 FPD
Nuclide
Np-237 481.5 418.3 363.4 315.8
Pu-238 12.7 157.0 278.0 366.3
Pu-239 1113.0 | 927.7 780.6 663.9
Pu-240 368.1 | 379.3 385.4 387.5
Pu-241 100.5 88.7 79.9 73.4
Pu~-242 62.3 88.9 110.1 126.9
Am-241 1852.2 1605.7 1392.0 1206.9
Am—-242 0.0 0.5 0.4 0.4
Am-242M 0.0 26.0 40.8 48.2
Am—-243 973.3 879.7 796.4 722.1
Cm—-242 75.7 92.5 87.5 77.9
Cm-243 0.0 1.7 3.0 3.9
Cm-244 71.1 126.9 169.3 200.6
Cm-245 0.0 5.7 12.9 20.7
Total 5110.4 4798.4 4499.9 4214.6
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Table 3.7-2 Composition changes in actinide fuel
with burnup — fuel model : L2 —  (kg)
Burnup
0 FPD 300 FPD 600 FPD 900 FPD
Nuclide
Np-237 .0 1.9 3.3 4.4
Pu-238 26.2 186.9 272.3 322.8
Pu-239 854.3 718.2 610.2 523.3
Pu-240 342.8 349.3 355.9 362.2
Pu-241 161.4 134.4 113.9 98.4
Pu-242 55.6 . 80.7 100.9 116.8
Am-241 1686.6 1472.9 i 1286.1 1122.9
Am-242 0.0 0.4 0.4 0.3
Am—-242M 0.0 22.8 36.1 43.1
Am—-243 2871.8 2605.2 2364.8 2147.4
Cm—-242 185.5 112.7 85.4 71.1
Cm—-243 0.0 2.4 3.6 4.2
Cm-244 98.5 265.7 395.1 492.9
Cm~-245 0.0 10,2 26.3 45,2
Total 6282.8 5963.8 5654.5 5355.3
Table 3.7-3 Composition changes in actinide fuel
with burnup — fuel model : LI(Pu) — (kg)
Burnup
0 FPD 300 FPD 600 FPD 900 FPD
Nuclide

Np-237 4212.8 3793.4 3401.4 3035.2
Pu-238 30.9 329.5 568.5 757.9
Pu-239 1005.8 B881.3 779.3 696.2
Pu-240 403.8 403.3 401.3 397.9
Pu-241 190.1 163.1 140,8 122.3
Pu-242 65.5 69.9 73.5 76,4
Am-241 293.5 270.4 247.8 225.7
Am-242 0.0 0.1 0.1 0.1
Am=-242M 0.0 3.1 5.4 6.9
Am-243 499.5 465.1 432.0 400.2
Cm—~242 32.3 17.0 12.6 11.0
Cm-243 0.0 0.3 0.4 0.5
Cm-244 17.1 37.9 55,9 71.4
Cm-245 0.0 1.1 3.0 5.3
Total 6751.3 6435.5 6122.3 5807.4
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Table 3.8-1 Fission ratio changes with burnup
— fuel model : ¥F1 —

(kg)
Burnup
0 FPD 300 FPD | 600 FPD | 900 FPD
Nuclide
Np-237 0.056 0.050 0.045 | 0.041
Pu-238 0. 004 0,053 0.098 | 0.136
Pu-239 0.530 0.469 0.417 | 0.376
Pu~240 0.046 0.049 0.05L | 0.054
Pu-241 0.063 0.059 0.057 0.056
Pu-242 0.006 0.009 0.012 | 0.014
Am=241 0.195 0.174 0.156 |  0.140
Am-242 0.000 0.000; 0.000, | 0.000,
Am—242M 0.000 0.027 | 0.045 0.058
Am-243 0.085 £.079 0.074 0,069
Cm-242 | 0.005 0.006 0.006 0.006
;

Ca-243 0.000 0.001 0.002 0.003
Co-244 0.010 0,019 0.026 0.031
Cm=245 0,000 0.004 0.010 0.017

Table 3.8-2 TFission ratio changes with burnup
-—— fuel model : L2 —

(kg)
Burnup
0 FPD 300 ¥PD 600 FPD 900 FPD
Nuclide )

Np-237 0.000 0.000, (0.000, 0.0005
Pu-238 0.008 0.061 0.092 0.113
Pu-239 0.400 0.346 0.307 0.276
Pu-240 0.042 0.043 0.045 0.048
Pu-241 0.098 0.084 0.075 (.068
Pu-242 i 0.006 0.008 0.010 0.012
Am-243 0.174 G.154 0.138 0.124
Am-242 0.000 0.000, 0.000, 0.000,
Am-242M 0.000 0.022 0.037 0.046
Am-243 0.248 0.228 0.212 0.197
Cm=-242 0.012 0.007 0.006 0.005
Cm~243 0,000 (¢.002 0.003 0.003
Cm—-244 0.014 (3.038 0.057 0.074
Cm—-245 0.000 0.007 0.018 0.033

I
oo
3

!



JAERI—-M 83217

Table 3.8-3 Fission ratio changes with burnup
— fuel model : L1{(Pu) —

(kg
Burﬁup
0 FPD 300 FPD | 600 FPD | 900 FPD
Nuclide

Np-237 0.419 0.383 0.350 0.318
Pu-238 0.008 0.087 0.154 0.212
Pu-239 0,370 0.335 0. 306 0.284
Pu-240 0.042 0.043 0.043 0. 044
Pu-241 0.088 0.078 0.071 0.064
Pu-242 0.006 0.006 0.007 0.007
Am-241 0.026 0.024 0.023 0.021
Am-242 0.000 0.000 0.000 6. 000
Am-242M 0.000 |  0.002 0.004 | 0.006
Am-243 0.037 0.035 0.033 0.031
Cm-242 0.002 0.001 0.001 0.001
Cm-243 0.000 0.000, 0.000, 0.000,
Cm-244 0.002 |  0.005 0.007 0.009
Cn-245 | 0.000 0.001 0.002 0.003

Table 3.9 Melting points of AcOx-MgQ and its constituents

Density | Melting point Mol. fraction
Constituents

D (g/cm?) (°C) without MgO | with MgO
U0, 10.96 2840 — o
NpO» 11.16 2550 0.0941 0.0659
Pul, 11.46 2440 0.3236 i 0.2265
AmO» 11.66 2120 0.5535 0.3874
Cm0» 10.66 2275 0.0288 0.0202
MgO 3.58 2800 — 0.3000

2268°C without Mg0

; . MgQ =
Melting point of AcOx-MgO { 2428°C with Mg0
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Table 3.10 Thermal expansion coefficients of actinide oxides

Compound Lattice a(10—6/°c) a(10"6/°c)
constant ’
a K 25 °C 900 <C
ThO,, 5.5959 ' 8.22 10.2
U02 5.4675 8.36 12.2
U02 5.4701 B.73 12.2
Np02 5.431¢ g8.93 10.9
Pu02 5.3948 5.73 . 12.0
Am02 5.3733 8.21 12.9
Cm02 5.3569 10.20 -
CmO2 5.3355¢9 g8.10 -
Bk02 5.3304 8.25 13.2
MgO 4203 _ 14,2 *
zx0,, | 5.065 _ 9.4 **

* at 20 to 1000 °C
** at 1500 °C

from Salmang, H. = Ceramics - Puysical and chemicazl fundamentals
London, Buherworths, 1961
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Table 3.11 Fixed design condition of He-ABFR

Reactor thermal power
Coolant
Inlet temperature
Outlet temperature
Cladding
Thermal conductivity
Gap conductance
Fuel
Thermal conductivity
Power peaking factor
Axial
Radial
Local
Fuel pin
Pellet outer diameter
Clad inner diameter
Clad outer diameter
Active core height
No. of pins/assembly
Fuel pin pitch

Max. linear heat rate

1,000 MWt

He (80 kg/cmz'G)

250 °C

500 °C

SUS316
16.5 Kcal/mh®°C
8,600 Kcal/m2h°C
90%TH AcOx-Mg0
Eq.s (2) & (3)

1.6

1.30

1.173

1.05

5.10 mm
5.24 mm
6.0 mm
100 cm
271
7.5 v 9,0 mm
180 ~ 300 W/ em
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Table 3.12 Thermal-hydraulic performances and principal parameters of He—-ABFRs
— Pin diameter; 6.0mm and core height; 100cm —
CASE P(P/d) Qpmax Tfmax Tq;rlax AP Unax tf is ic vAsOx H/D Miny
[mm] |[W/em]| [°C] | {°C] | [kg/em2]} {m/s] | [%] [zl | %1 [%] {ton]
He-111 |(1/330y| 180 | 1105 | 556 | 1.259 |105.09 |34.6 | 21.5 44.0) 48.6]0.3749 | 7.84
112 200 | 1208 | 559 | 1.533 |117.27 | 0.3939 | 7.03
113 ; 220 | 1308 | 562 | 1.812 |128.70 0.4119 | 6.39
114 240 | 1414 | 565 | 2.133 |140.88 0.4302 | 5.84
115 260 | 1510 | 568 | 2.454 | 152,30 0.4456 | 5.42
116 280 | 1601 | 570 | 2.795 |163.73 0.4598 | 5.04
117 300 | 1690 | 573 | 3.181 |175.91 0.4754 | 4.68
121 1%,y 180 [ 1244 | 579 | 0.539 | 79.19 30.4 |19.5) 50.1| 55.3 0.3516 | 8.91
122 200 | 1362 | 583 | 0.656 | 88.37 0.3695 | 7.99
123 220 | 1471 | 586 | 0.776 | 96.98 0.3864 | 7.26
124 240 | 1581 | 590 | 0.913 1106.16 0.4035 | 6.64
125 | 260 | 1676 | 593 | 1.050 |114.77 0.4179 | 6.16
126 280 | 1763 | 597 | 1.196 |123.38 0.4312 ] 5.72
127 300 | 1848 | 600 | 1.361 [132.56| 0.4459 | 5.32
He-131 (1?:’37) 180 | 1402 | 605 | 0.266 | 62.58|27.3|17.9| 54.8| 61.5/0.3332] 9.92
132 200 | 1528 : 609 | 0.324 ! 69.83 0.3502 | 8.90
133 220 © 1639 | 615 | 0.383 | 76.63 0.3662 | 8.09
134 240 | 1747 | 619 ' 0.450 | 83.89 0.3824 | 7.40
135 260 | 1838 | 623 | 0.518 | 90.69 0.3961 ] 6.85
136 280 : 1921 | 627 | 0.590 | 97.49 0.4087 | 6.37
137 300 | 2000 | 631 | 0.672 |104.75 | [o.4226] 5.92
1| (§79 [ 180 | 1582 635 | 0.146 | 51.30|24.7 | 16.6 | 58.7 68.1 0.3166 |10. 99
142 200 | 1710 | 641 | 0.178 | 57.24 0.3328 ] 9.85
143 270 | 1819 | 646 | 0.211 | 62.82 0.3480 | 8.96
144 240 | 1922 | 651 | 0,248 | 68.77 0.3634 | 8.19
145 260 | 2009 | 656 | 0.285 | 74.34 0.3764 | 7.59
146 280 | 2087 | 661 | 0.325 | 79.92 0.3884 | 7.06
147 300 | 2162 | 666 | 0.370 | 85.87 ! | 0.4016 | 6.56

Py pin pitch, 9gmax; max. linear heat rate, Tepaxi max. fuel temp., Temaxs max. clad

temp., AP; active core pressure drop, Upax; max. coolant velocity, Vg, Vg, Ve volume

fractions of fuel, structure and coolant, Vs gy’

volume fraction of AcCx in AcOx-MgO,

H/D; core height/diameter and Mipy; actinide inventory
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Table 3.13 Principal core parameters and thermal-hydraulic
performances of selected He-ABFRs

Ttems Ref.-1 Ref.-2
Principal parameters
Fuel pin dia (mm) 6.0 6.0
Fuel pin pitch (mm) 8.0 8.5
Wrapper across flat distance (mm) 138 146
Core height (cm) 100 100
Total No, of fuel pins 53,658 57,723
No. of pins/assembly 271 271
No. of fuel assemblies 198 213
No. of control rod assemblies 19 19
Fquivalent core diameter.(cm) 224.3 2447
Core height/diameter (H/D) 0.446 0.410
Volume fractions (%)
-~ Fuel 30.4 27.3
~ Structure 19.5 17.9
- Coolant 30.1 54.8
Volume fraction of AcOx in AcOx-MgO (%) 55.3 1.5
Actinide inventory (ton) 5.32 6.37
Actinide specific power (MW/ton) 188 157
Thermal performance
Max, linear heat rate (W/cm) 300 280
Av, linear heat rate (W/cm) 188 175
Av. power density (W/cm?) 253 213
Max. fuel temperature (°C) 1,848 1,921
Max, clad temperature (°C) 600 627
Active core pressure drop (kg/cm?) 1.36 0.590
Max, coolant velocity (m/s) 133 97.5
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Table 3.14 Thermal-hydraulic performances of He-ABFR with
smoothed pins
Case No.
1 2 3 4 5 6
Item

Pin dia. (mm) 6. 6.0 6.0 6.0 6.0 6.0
Pin pitch (mm) 8.0 8.5 | 8.0 8.5 8.0 8.5
No. of pin layers 9 9 | 10 10 11 11
Core height (cm) 100 100 100 100 100 100
Ass'ly across flat (cm) 138 146 151 161 165 173
No. of pins/Ass'ly 271 271 331 331 397 397
No. of assemblies 197 212 | 162 174 135 © 145
Equivalent core dia. (cm) 224.3 244.7; 223.2 | 245.1 | 224.1 ?246.2
Volume fraction (%)

fuel 30.4 | 27.3 31.3] 27.7] 317 28.3

structure 19.5  17.9 19.1| 17.4 | 18.7 17.1

coolant 50.1 | 54.8 49.6 | 55.0 | 49.7 | 54.7
AcOx/AcOx-MgO (V/0) 55.3 | 61.5. 53.7 | 60.7 | 53.1| 59.4
Actinide inventory {ton) 5.32 6.37‘ 5.19 6.31 ;| 5.13 6,17
Max. linear heat rate (W/cm) | 300 | 280 | 300 | 280 | 300 | 280
Av. linear heat rate (W/cm) 188 175 188 175 188 175
Max. fuel temp. (°C) 1848 1921 % 1821 1906 1810 1881
Max., clad temp. (°C) 600 627 | 600 627 600 627
Max. coolant velocity {(m/s) 133 97.5: 133 97.5 | 133 87.5
Core pressure drop (kg/cm?) 1.36 | 0.59. 1.36 0.59 | 1.36! 0.59
Av. power density W/cm?) 253 213 256 212 254 210
Power rating (MW/t-HM) E 188 157 1 193 159 195 162




JAERI—M 83 —217

Table 3.15 Thermal-hydraulic performances of He-ABFR with
roughened pins '
Case No. '
Ttem 1 2 3 4 5 6

Pin dia. (mm) 6. 6. 6.0 6.0 6.0 | 6.0
Pin pitch (mm) i 8. 8.5 8.0 8.5 8.0 % 8.5
No. of pin layers 9 9 10 10 11 11
Core height (cm) 100 | 100 | 100 | 100 | 100 , 100
Ass'ly across flat (cm) 138 146 151 161 165 175
No. of pins/Ass'ly 271 271 331 331 397 397
No. of assemblies 296 228 242 187 202 156
Equivalent core dia. (cm) 270.6 |252.5 | 268.5 | 254.4 | 269.7 | 252.8
Volume fractiom (%)

fuel 30,4 27.3 31.3 27.7 31.7 28.3

structure 19.5 17.9 19.1 17.4 18.7 17.1

coolant 50.1 | 54.8 1 49.6 55.0 | 49.7 54.7
AcOx/AcOx-Mg0 (V/0) 55.3 61.5 53.7 60.7 53.1 59.4
Actinide inventory (ton) 7.99 6.85 7.76 6.78 7.68 6.64
Max., linear heat rate (W/cm) 200 260 200 260 200 260
Av. linear heat rate (W/cm) 125 163 125 163 125 163
Max. fuel temp. (°C) 1248 1730 1223 1713 1213 1686
Max. clad temp. (°C) 538 556 538 556 538 556
Max. coolant veleocity (m/s) 88.4 | 90.7 | 88.4 1 90.7 | 88.4 | 90.7
Core pressure drop (kg/cm?) 2.13 | 1.68 | 2.13| 1.68 | 2.13 | 1.68
Av. power demsity (W/cm?) 174 200 177 197 175 199
Power rating (MW/t-HM) 125 146 129 148 130 151
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Table 3.16 Fixed design conditions of Na-ABFR

Reactor thermal power
Coolant
Inlet temperature
Outlet temperature
Cladding
Thermal conductivity
Gap conductance
Fuel
Thermal conductivity
Power peaking factor
Axial
Radial
Local
Fuel pin
Pellet outer diameter
Clad inner diameter
Clad outer diameter
Active core height
No. of pins/assembly
Fuel pin pitch

Max. linear heat rate

1,000 Mt
Na
370 °C
500 °C
SUS316
l6.5‘Kcal/mh°C
8,600 Kcal/m?h°C
90%ZTD AcOx-MgO
Eq.s (2} & (3)
1.6
1.30
1.173
1.05

5.4 mm
5.56 mm
6.5 mm
80 cm, 100 cm
271
7.5 v 8.1 mm
280 ~ 480 W/cm
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Table 3.17-1 Thermal~hvdraulic performances and principal core
parameters of Na-ABFRs
— Pin diameter:; 6.5mm and core height; 100cm —

CASE P{p/d) | Yymax | Tfmax | Temax AP Upax | Vf is ic “AEOX H/D Minv
[mm] |[W/em]| [°C] | [°C] [kg/cm?) [m/s]| [%] [%] {#%] [%] [ton]

Na-111 |(7334y| 280 | 1427 | 519 | 2.983 |10.0838.75|25.56/35.69 43.36) 0.4598  5.01
112 300 | 1519 | 521 | 3.377 ilO.BO 0.4754] 4.68
113 320 | 1605 522 | 3.794 |11.52 0.4891] 4.39
114 340 | 1685 | 524 | 4.229 |12.24 ; 0.5041| 4.13
115 360 1758 | 526 | 4.687 |12.96 0.5163| 3.92
116 380 | 1825 | 528 | 5.167 |13.68 0.5294, 3.71
1212 7ids)| 280 | 1473 | 519 | 1.864 | 8.6236.57|24.39 39.04 45.94 0.4466) 5.31
122 300 | 1566 | 521 | 2.110 | 9.24 0.4618| 4.96
123 320 | 1652 | 523 . 2.370 | 9.85 0.4751]| 4.66
124 340 , 1730 | 525 | 2.642 1 10.46 0.4897| 4,38
125 360 | 1803 | 527 | 2.929 |11.08 0.5015] 4.15
126 380 | 1869 | 529 i 3,228 |11.70| | l | 10.5142] 3.93
Na-131 (1?'2?5) 280 | 1510 | 520 | 1.229 | 7.5035.05|23.57|41.38|47.93]0.4373) 5,54
132 300 | 1603 | 522 | 1.391 | 8.04 0.4521] 5.17
133 320 | 1689 | 524 | 1.563 | 8.57 0.4652 | 4,86
134 340 | 1767 | 526 | 1.742 | 9.11 0.4794 | 4.57
135 360 | 1839 | 528 | 1.931 | 9.64 0.4910! 4.33
136 380 | 1904 | 530 | 2,129 |10.18] 0.5035( 4.10
141 | (18505, 280 | 1550 | 521 | 0.845 | 6.62133.62]22.80/43.58 49.97)0.4283 5,78
142 | 300 | 1642 | 523 ; 0.957 | 7.09 0.4428] 5.39
143 320 | 1728 | 525 | 1.075 | 7.57 0.4556| 5.06
144 340 | 1805 | 527 | 1.198 | 8.04 0.4696] 4.76
145 360 | 1876 | 529 | 1.328 | 8.51| 0.4809] 4.52
146 380 | 1940 531 | 1.464 | 8.99 0.4931 4.27

Nomenclatures in the table are same as in Table 4.
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parameters of Na-ABFRs

— Pin diameter; 6.5mm and core height; 80cm —

Thermal-hydraulic performances and principal

CASE P(p/d) | 9gmax |Tfmax|Tcmax AP Unax | V¢ Vg Ve | VAeOx H/D Minv
{mm ] [Ww/em]| [°C] | [°C] |[kg/em?]| [m/s]| [%] [%] [%] [%] [ton]

Na-211|(y Jisgy| 340 | 1685 | 524 | 2.264 | 9.79|38.7525.56|35.69) 43.36| 0.3631 ] 4.14
212 | 360 | 1758 | 526 | 2.509 | 10.37 0.3727] 3.91
213 3007 | 1826 | 528 | 2.765 | 10.9 0.3830] 3.71
214 400 | 1888 | 530 | 3.035 | 11.52 0.3913] 3.52
215 420 | 1945 | 532 | 3.313 |12.10] 0.4002] 3.34
216 460 | 1998 | 534 | 3.603 | 12.67 . 0.4097| 3.19
217 460 | 2047 | 537 | 3.902 |13.25] 0.4164 | 3.06
218 480 | 2093 | 539 | 4.213 | 13.83. 0.4235| 2,93
Na-221 |1 Ddhey| 360 | 1731 | 525 | 1.415 | 8,37 36.57 24.39|39.04,45.94]0.3528] 4.39
222 360 | 1803 | 527 | 1.568 | 8.86. 0.3620] 4.15
223 380 | 1870 | 529 | 1.728 | 9.36 0.3720] 3.93
224 500 | 1931 | 531 | 1.896 | 9.85 0.380L} 3.73
225 420 | 1987 | 534 | 2.070 | 10.34 0.3887] 3.54
226 450 | 2039 | 536 | 2.251 | 10.84 0.3980] 3.38
227 460 | 2088 | 538 | 2.438 | 11.33 0.4045] 3.24
228 480 | 2133 | 540 | 2.632 | 11.82 0.4114 | 3.10
Na-231 |y By 340 | 1767 | 526 | 0.933 | 7.29|35.05)23.57|41.38|47.93/0.3454] 4.58
232 360 | 1839 | 528 | 1.034 | 7.71 0.3544 | 4.33
233 380 | 1905 | 530 | 1.139 | 8.14 0.3642] 4.10
234 400 | 1965 | 533 | 1.250 | 8.57 0.3721 3.89
235 420 | 2021 | 535 | 1.365 | 9.00 0.3806] 3.70
236 440 | 2072 | 537 | 1.484 | 9.43 0.3896] 3.53
237 460 | 2120 | 53 | 1.608 | 9.86 0.3960 3.38
238 480 | 2165 | 542 | 1.736 | 10.29 0.4028] 3.24
na-241 |1 %50y 340 | 1805 527 | 0.641 | 6.4333.62)22.80 ¢3.58|49.97/0.3383] 4.77
242 360 | 1876 | 529 | 0.711 | 6.81 0.3471| 4.51
243 386 | 1941 | 532 | 0.784 | 7.19 0.3567 | 4.27

| 244 400 | 2001 | 534 | 0.860 | 7.57 0.3645] 4.05
245 | 420 | 2056 | 536 | 0.939 | 7.95 0.3728 | 3.85
246 440 | 2107 | 538 | 1.021 | 8.32 0.3816 | 3.68
247 460 | 2155 | 541 | 1.106 | 8.70 0.3879] 3.53
248 480 | 2199 | 543 | 1.194 | 9.08 0.3945] 3.37
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Table 3.18 Principal core parameters and thermal-hydraulic
performances of selected Na-ABFRs

Ttems Ref.-1 Ref,~2
Principal parameters
Fuel pin dia (mm) 6.5 6,5
Fuel pin pitch (mm) 7.7 7.9
Wrapper across flat distance (mm) 133 136
Core height {cm) 80 100
Total No. of fuel pins 50,406 44,715
No. of pins/assembly 271 271
No. of fuel assemblies 186 165
No. of control rod assemblies 19 19
Equivalent core diameter (cm) 2i0.5 203.7
Core height/diameter (H/D) 0.380 0.491
Volume fractiomns (%)}
- fuel 36.6 35.0
- structure 24.4 23.6
- coolant 39.0 41.4
Volume fraction of AcOx in AcOx-Mg0 (%) 45.9 47.9
Actinide inventory (ton) 3.73 4.33
Actinide specific power (MW/ton) 268 231
Thermal performance
Max. linear heat rate (W/cm) 400 360
Av. linear heat rate (W/cm) 250 225
Av. power density (W/cm?3) 359 307
Max. fuel temperature (°C) 1,931 1,839
Max. clad temperature (°C) 531 528
Active core pressure drop (kg/cm?) 1.90 1.93
Max. coolant velocity (m/s) 9.85 9,64

e a i
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Fig.3.1 Cylindrical model of He-ABFR
(One-region core model )
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Fig.3.2 Critical survey for He-ABFR {One-region
core mode! } with various fuel type
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i9.3.3 Burnup reactivity loss for He-ABFR
(One-regin core model) with varions
fuel type
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Table 4.1  Summary of 850 MWt He-ABFR design characteristics

Item Unit Data
I. General
Thermal power MWt 850
Primary coclant Helium
Inlet pressure of primary coolant kg/em?G 80
Reactor inlet temperature °C 250
Reactor outlet temperature °c 500
Mass flow c¢f primary ccclant ton/hr 2360
Electric power MWe 300
Gross efficiency % 35
. Core _

Fuel material AcOx-Mg0

- effective density 90% TD

- pellet diameter mm 5.1
Clad type FP venting type

- material SUS-316

- surface smooth

- in/out diameter mmn 5.24/6.0
Fuel pin arrangement triangular

- pin pitch mm 3.0

- pin effective length m 1.0
No. of fuel pin per assembly 271
Wrapper thickness mm 3.0
Assembly arrangement hexagonal

- outer width across flats mm 138

- pitch mm 145
No. of assembly 217

- fuel assembly 198

~ control assembly 19
Core equivalent diameter m 2.24

— height to diameter ratio 0.446

- reflector material SUS-316

- Axial reflector thickness m 0.55

- radial reflector equivalent thickness m oo 0.53
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Table 4.1 (continued)

Item Unit Data
- power peaking factor 1.425
- local peaking factor 1.05
Thermal performance of hot channel
- maximum linear rate W/em 216
- mass flow kg/hr 47.2
~ coolant outlet temperature °C 514
- minimum Reynolds number 73000
- maximum coolant velocity m/sec 103
- pressure loss between upper and kg /em? 2.65
lower plenum
- maximum fuel temperature {(nominal) ° 1918
— maximum clad temperature (nominal) ° 601
IT. Reactor vessel
Vegsel type multicavity PCRV
No. of cavities
- core 1
- steam generator 4
~ auxiliary cooler 2
Dimension
- diameter m 21
- height m 23
Operational condition
— concrete inner temperature °C <70
- pressure kg/cm?G w80
W. Primary cooling system
No. of loops 4
Coolant mass flow per locop ton/hr 590
Helium circulator
- no. of circulator per loop 1
- type centrifugal
- drive electric motor
- Mie 1204

power per unit
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Table 4.1 {continued)

Ttem Unit Data
Steam generator
- no. of units per loop 1
- type helical
- total transferred heat MW 850
- dimension of tubes m 1.3¢ x10H
V. Water, stéam system
No. of loops 1
Cycle performance non reheat
Turbin, generator
- no, of units 1
- power output MiWe 300
VI. Auxiliary cooling system
No. of loops 2
Auxiliary cooler
- no. of units 2(100% capacity)
- type U tube type
- capacity (normal operation) Z of reactor power 1
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Table 4.2 Material Data

AcOx
Effective Density g-cm™3 10.0 (0.9 T.D.)
0/M Ratio 1.9

Mg0
Effective Density Ag-cm‘3 3.222 (0.9 T.D.)

Clad and Structure (SUS 316)

Density g.cm™3 7.87
Contents Cr/Fe/Ni/Mo w/o 17.5/67.5/12.4/2.6

Coolant (He)

Pressure (P} kg-cm‘2 80.0
Average Temp. (T) °c 375.0
Specific Weight (W) g-cm™? 5.93 x 1073
= ~3
(W= 48x107% %m0 )

Table 4.3 Volume ratios in 850 MWt He-ABFR

(v/o)

Region Vp(AcOx-Mg0)  Vg(SS 316) V¢ (He)
Core 0.304 0.195 0.501
Control Channel : — 0.050 0.950
Ax. Reflector — 0.499 0.501
Rad. Reflector —— 0,80 0.20
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with use of L2 fuel model

Nuclear characteristics of 850 MWt He—~ABFR

0 FPD 300 FPD 600 FPD 900 FPD
Multiplication Factor 1.02066 1.01714 1.00392 0.98752
Burnup Reactivity Effect |
[% Ak/k /300FPD] 0.0 -0.339 1.295 1.654
. - .
Maximum Power Density 320.1 322.7 324.3 325.7
[Watt/cc]
Loaded Mass [kg]
U-235 0.0 .03 0.08 0.18
U-236 0.0 0.03 0.06 0.09
U-238 0.0 0.00 0.00 0.00
Np-237 0.0 2.06 3.70 4,97
Pu-238 27.36 ' 186.86 265.11 312.02
Pu-239 890.76 777.83 682.52 599.76
Pu-240 357.36 361.96 367.35 373.16
Pu-241 168.36 | 144.38 125.00 109.24
Pu~-242 57.96 77.76 94,75 109.41
Am—-241 1759.32 1586.45 1427.62 E 1279.51
Am-242 0.0 0.33 0.31 0.29
Am~242M 0.0 18.68 31.52 39.99
Am-243 2994, 46 2780.36 | 2578.46 2384.94
Cm—242 193.44 102.31 73.70 62.92
Cm-243 0.0 1.77 2.59 3.08
Cm-244 102.72 231.09 338,22 428,11
Cm—-245 0.0 7.17 18.33 32.31
others 0.0 6,0 ~9.,0 ~v11.0
Heavy Metal Total 6,552 6,285 6,018 5,751

FPD

: Full Power Day
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.5 Conditions of thermal analysis on He-ABI'R

Thermal power

Fuel

- fuel material

Clad
Cool

AcOx vo

lume ratio

fuel pellet dia.

clad ma

terial

clad inner dia.

clad ou
ant

coolant
coclant
coolant

coolant

ter dia.

material
inlet pressure
inlet temp.

outlet temp.

Reactor Assembly

No. of
No. of
No, of
No. of

fuel assemblies
pins/assembly
contrel rod assemblies

reflector assemblies

Core & Reflector

~ Active core height

- Equivalent core diameter

- Axial reflector thickness

800 ~ 1000 MWt

90%TD AcOx-Mg0
61.27% for inner core
74.6% for outer core

5.10 mm

5US5-316
5.24 mm
6,00 mm

He
80 kg/cm?-G
250 °C

500°C (averaged over reactor
core outlet)

198
271

19
252

100 cm
224.3 cm
55 cmx2
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Table 4.11 Comparison of maximum fuel temperature obtained by

differently evaluated thermal conductivitles

A
Reactor Power Tféii (using Af(l)) Tféﬁi (using Af( )) Tfégi (using Kf(B))
(MWth) (°C) (°c) (°c)
1000 2088 1890 1999
950 2036 ‘ 1844 - 1950
900 1980 1795 1897
850 1918 1740 1838
800 1851 1681 1775
lf(l) : based on Refs. (9) and (10) by W.D. Kingery.
Af(Z) . based on another Ref. (l4) by W.D. Kingery.

Xf(B) : based on Ref. (153) by Behrence.
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éontrol Rod Assembly

4.2 Core cross section of 850 MWt He-ABFR

Fig.
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Fig., 4.6 850 MWt He-ABFR core configuration in hexagonal geometry
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Fig. 4.10 Flow chart of Thermal-Hydraulics Calculations
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