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Benchmark Physics Experiment of Metallic~-fueled IMFER at FCA
- Core Design of FCA Assembly XVI-1 and Criticality -

b

Susumu ITJIMA, Hiroyuki OIGAWA, Masaru BANDO
and Masafumi NAKANO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 24, 1992)

A benchmark physics experiment of a metallic-fueled IMFBR was
performed at Japan Atomic Energy Research Institute's Fast Critical
Assembly (FCA) in order to examine availability of data and method for
a design of metallic~fueled core.

The nuclear data and the calculation methods used for a IMFBR core
design have been improved based on the oxide fuel core experiments. A
metallic—fueled core has a harder neutron spectrum than an oxide-fueled
core and has typical nuclear characteristics affected by the neutron
spectrum,

Tn this study, availability of the conventional calculation method
for the design of the metallic-fueled core was examined by comparing the
calculation values of the nuclear characteristics with the measured values.

The experimental core (FCA assembly XVI-1) was selected by referring
to the conceptual design of Central Research Institute of Electric Power
Industry.

The calculated-to—experiment (C/E) value for keff of assembly
" XVI-1 was 1.001. From this, as far as the criticality the prediction
accuracy of the conventional calculation for the metallic-fueled core

was concluded to be similar teo that of an oxide=fueled core.

# HITACHI Ltd.
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Table 2.1 Comparison of atomic number density betweem mockup core
and 150MWe core

(unit: 10* atoms/cm’ )

Mockup core 150MWe core
Inner core Outer core Inner core QOuter core
Pu-239 0.1046 (0.1395)  0.1046 (0.1697) 0.1097 0.1499
Pu-240 0.0092 (0.0123)  0.0092 (0.0150) 0.0452 0.0618
Pu-241 0.0004 (0.0005)  0.0004 (0.0006) 0.0263 0.0359
Pu-242 0.0 0.0 0.0075 0.0102
U -235 0.0543 (0.0027)  0.1015 (0.0026) 0.0029 0.0027
U -238 0.9259 0.8766 - 0.9656 0.8963
Zr 0.2091 0.2091 0.3359 0.3359
Na 0.9571 0.9571 1.0184 1.0184
Cr 0.3674 0.36741 0.2466 0.2466
Fe 1.3373 1.3373 1.6234 1.6234
Ni 0.1686 0.1686 0.0106 0.0106
Mo 0.0 0.0 0.0116 0.0116
H 0.0160 0.0099 0.0 0.0

Pu core density is shown in parenthesis.

Table 2.2 Comparison of sodium void worth between XVI-1 and Pu core

(Unit: x 10° Ak/k)

XVI-1 Pu core
Position Spectrum  Leakage Total worth Spectrum  Leakage Total worth
Core center 2.254 -0.026 2.518 3.685 -0.026 3.659
(1.00) (1.45)
Middle 1.619 -1.226 0.393 2.282 -1.246 1.036
(1.00) (2.64)
Core boundary 0.997 -2.211 -1.214 1.225 -2.245 -1.020
' (1.00) (0.841)

a ratio is shown in parenthesis.
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Table 2.3 Comparison of k .. between cores with and without hydrogen

Without H With H % AK/k

K, 1.00188 1.00237 +0.049

* diffusion calculation with 70-energy group constants
in RZ geometry

Table 2.4 Comparison of material sample worths at the core center

(unit: % A k/k/10% atoms)

Without H With H S (%)

2pyy 0.1448 0.1428 -1.38
2y 0.00551 0.00571 3.63
2y 0.0947 0.0954 0.95
B -0.0655 -0.0718 9.62
Fe 0.00101 0.00099 -1.98

Table 2.5 Comparison of reaction rate ratios at the core center

Without H With H 0 (%)
F5/F9 0.9169 0.9385 2.36
F8/F9 0.0297 0.0296 -0.33
C8/F9 0.1108 0.1136 2.53

F5, F8, F9: “*U, **U and ®Pu fission rate

C8: **U capture rate



JAERI-M 82-196

Table 2.6 Comparison of sodium void worths

(unit: % A k/k)
Without H With H g (%)

1Z~97Z voided
(1 drawer) 0.00296 0.00239 -19.4

Table 2.7 Comparison of Doppler worths

(unit: A k/K)
Without H With H 8 (%)
NU 25 ¢ sample
20 - 800°C -5.995x10° 7.954x10° _ -33
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Table 3.1 Homogeneous atomic number density in FCA assembly XVI-1
(unit: 10” atoms/cm’ )
IC1 IC2 0OC1 0C2 NUB
Pu-239 0.10455 0.10455 0.10455 0.0 0.0
Pu-240 0.00922 0.00922 0.00922 0.0 0.0
Pu-241 0.00037 0.00037 0.00037 0.0 0.0
U -235 0.05429 0.05431 0.10154 0.32937 0.02897
U -238 0.92593 0.92598 0.87664 1.13758 3.98883
Zr 0.20906 0.20906 0.20906 0.0 0.0
Na 0.95705 0.95705 0.95705 0.95705 0.0
Cr 0.36741 0.36741 0.36741 0.34063 0.17720
Mn 0.01944 0.01944 0.01944 0.01754 0.01178
Fe 1.33733 1.33733 1.33733 1.23430 0.63353
Ni 0.16860 0.16860 0.16860 0.15522 0.07725
Al 0.01500 0.01500 0.01500 0.0 0.0
Am-241 0.00049 0.00049 0.00049 0.0 0.0
O 0.00080 0.00080 0.00080 0.0 0.0
H 0.01596 0.01008 0.00988 0.02238 0.0
DUB SCR
Pu-239 0.0 0.0
Pu-240 0.0 0.0
Pu-241 0.0 0.0
U -235 0.00844 0.56515
U -238 4.01743 0.04272
Zr 0.0 0.0
Na 0.0 0.0
Cr 0.17720 0.33675
Mn 0.01178 0.01711
Fe 0.63353 1.20808
Ni 0.07725 0.14575
Al 0.0 1.69510
Am-241 0.0 0.0
0 0.0 0.0
H 0.0 0.01470
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Table 3.2  Cnriticality in FCA assembly XVI-1

{unit: o0 o)

Excess reactivity (as built) 4.836 + 0.004
Correction

sub criticality -0.030 £ 0.002

gap effect 2.195 + 0.1

sus effect 0.0 + 0.2

asymmetric IC2

drawer effect 0.465 = 0.004

7.466 = 022

K ' 1.0041 = 0.0001

(@)1 o, =0.0546 % 0.0003% A k/k

Table 4.1  Fission spectrum effect on kg, calculation

Ze *Pu_ U Mixed
K, 1.00576 0.99875 1.00285

% A k/k 0.00 -0.70 -0.29

Table 4.2 Result of criticality in FCA assembly XVI-1

Experiment 1.0041£0.0001
Base calculation 0.9991%
Correction
transport 0.00673
mesh -0.00119
Corrected 1.00472
C/E 1.001

Table 4.3 C/E values of k. in oxide-fueled cores

FCA X-1 FCA VI-1 ZPPR-9
Core volume( ) 132 450 4592
Fuel Pu/Enriched U  Pu/Enriched U Pu
C/E value 1.004 1.002 0.996
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Appendix

Core design parameters and burnup calculation results

Core size 150MWe 300MWe 600MWe 1000MWe
Pu/(Pu+U); IC/OC (w%) 16.4/22.4 15.3/21.2 14.9/21.7 14.1/19.3
Fuel inventory

(tonfcycle) 1.592 2.810 4.934 7.894
(ratio/150MWe) (1.00) (1.77) (3.10) (4.96)
Pu-fissile gain
Total(kg/cycle); 7.3 11.4 1.7 12.0
(core) (-32.4) (-48.8) (-84.9) (-98.4)
keff
(BOC) 1.0350 1.0394 1.0501 1.0445
(EOC) 1.0084 1.0093 1.0180 1.0164
Burnup reactivity loss®
(% Ak/kk') 2.93 2.87 3.01 2.65
Maximum linear power
(BOC/EOC; w/cm) 436/419 441/425 458/451 485/481
Power peaking factor
(BOC) 1.552 1.554 1.492 1.502
Power ratio(IC/OC/RB; %)
(BOC) 50/42/7 57/37/6 61/34/5 63/33/4
(EOC) 48/41/10 55/36/9 60/33/7 63/31/6
Burnup
(IC/OC; GWd/ton) 68/57 77/65 89/75 96/75
Breeding ratio 1.099 1.073 1.017 1.025

(a) 275 EFPD burnup calculation



