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2
Experimental Study of 38U Doppler Reactivity Worth
in FCA XVI-1 and XVI-2 Cores

Hiroyuki OIGAWA, Shigeaki OKAJIMA, Takehiko MUKAIYAMA
and Kunio SATOCH

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 6, 1992)

Doppler reactivity worths of natural uranium samples were measured
in metallic fueled cores, FCA XVI-1 and XVI-2, using a sample heating
technique. In a metallic fueled LMFBR, the neutron spectrum is generally
harder than a similar size oxide fueled LMFBR owing to the luck of oxigen.
The accuracy .of Doppler effect calculation for a harder neutron spectrum
was evaluated by comparing C/E values of Doppler reactivity worth in oxide
fueled cores and in mettalic fueled cores using FCA experiments. It was
found that calculation using 70-group constant set JFS8=3-J2 underestimates
238U Doppler reactivity worth in metallic fueled cores. An inadequate
treatment of resonance parameters of 238U above 50 keV in JENDL-2 is ome of
the reasons for this underestimation. In JENDL-2 the resonance paramelters
of 238U above 50 keV are not included, and hence JFS-3-J2 which is processed
from JENDL-2 does not have a self-shielding factor table above 40.9 keV of
238U. When the contribution of this energy region for Doppler reactivity
worth was corrected using ENDF/B-VI, which includes resonance parameters
of 238U up to 149 keV, the JFS-3-J2 based calculation gave 13% higher
values for metallic sample experiments and 8% for oxide samples. Even
after this correction, the calculation still gave smaller Doppler reactivity
worths than the measurements, and the ratios of calculated value to experi-

mental one vary widely from 0.6 to 1.0.

Keywords: Experiment, Uranium 238, Metallic Fueled LMFBR, Doppler Effect,
Reactivity Worth, JENDL-2, ENDF/B-VI, FCA XVI Cores,
Self-shielding Factor Table
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Table 2.1 Cell parameters of central region in FCA XVI-1 and XVI-2 cores
compared with those of oxide fueled cores at FCA-

Metallic fuel QOxide fuel
Core name XVI-1 XVI-2 VI-1° vI-2¥
Atomic number density (10”/cm3)
Zpu+*'Pu 0.105 0.105 0.158 0.105
2y 0.054 0.007 0.001 0.002
2y 0.926 0.975 0.687 0.692
Na 0.957 0.957 0.766 0.766
o) : 0.001 0.001 1.540 1.726
‘Fissile enrichment” 14.5% 10.2% 18.6% 13.3%
Zr (w/o) 6.8% 6.8% 0% 0%
SPI-1? 0.146 0.171 0.203 0.269
Pu plate sample 1.1 0.89 1.70 1.16
worth” (10* Ak/k)
a) Simulating outer core of "MONJU" b) Simulating inner core of "MONJU"

o) U+ pu+"'Pu]/ [U+Pu] (wfo)

d) Spectrum index indicating the proportion of neutrons between 101eV~40.9keV
to all neutrons at core center

e) Measured value for 35.3g of Pu

Table 2.2 Doppler samples

Sample Material ~ Enrichment  Diameter and length Total U mass
' (mm)’ (8)
NU-metal(25%) U(metal)  Natural U 24.8 x 150.0 1346.7
NUO,25%) UG, Natural U 25.0x 150.0 604.8
NUO,20*)  UO, Natural U 20.0 x 150.0 376.7
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Table 3.1 Atomic number density of each region (1024at0ms/cm3)

(a)‘ Doppler sample and capsule

JAERI-M 92-113

Sample  NU-metal(25*) NUO,(25%) NUOL20%)
u 4.667-2" 2.063-2 2.008-2
2y 3.405-4 1.503-4 1.463-4
0 0 4.157-2 4.045-2
a) Read as 4.667x107
Capsule  for 257 sample for 20* sample
Fe 1.888-2 1.794-2
Cr 5.185-3 4.929-3
Ni 3.496-3 4.198-3
{(b) FCA XVI-1 core
Region IC1 IcM? OoCM” NUB DUB
“pu 1.0455-3 1.0455-3 6.3641-4
py  9.2158-5 9.2158-5 5.6096-5
“Ipy 3.7173-6 3,.7173-6 2.2627-6
U 5.4285-4 5.4299-4 2.1119-3 2.8968-4 8.4422-5
U 9.2593-3 9.2596-3 8.8354-3 3,9888-2 4.0174-2
H 1.5959-4 1.2284-4 1.4104-4
o) 7.9764-6 7.9764-6 4.8552-6
Na 9.5705-3 9.5705-3 8.7383-3
Al 1.4997-4 1.4997-4 1.5653-3
Cr 3.6741-3 3.6741-3 3.5659-3 1.7719-3 1.7719-3
Mn 1.9442-4 1.9442-4 1.8662-4 1.1779-4 1.1779-4
Fe 1.3373-2 1.3373-2 1.2947-2 6.3353-3 6.3353-3
Ni 1.6860-3 1.6860-3 1.6254-3 7.7241-4 7.7241-4
Zr 2.0906-3 2.0906-3 1.2725-3

a) Mixture of 24 drawers of IC1 and 40 drawers of IC2
b) Mixture of 56 drawers of OC1, 28 drawers ‘of OC?2 and 8 drawers of SCR
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Table 3.1 (continued)
(¢) FCA XVI-2 core

Region ICA ICM? oCcM” NUB DUB

“Pu 1.0455-3 1.0455-3 4.8255-4

Py 9.2158-5 9.2158-5 4,2535-5

Py 3.6512-6 3.6512-6 1.6852-6

By 7.0716-5 7.0716-5 3.3036-3 2.8968-4 8.4422-5
2y 9.7531-3 9.7532-3 9.5434.3 3.9888-2 4.0174-2
H 1.0277-4 1.2303-4 1.0023-4

0 7.9764-6 7.9764-6

Na 9.5705-3 9.5705-3 8.8343-3

Al 1.4997-4 1.4997-4 1.3731-3

Cr 3.6741-3 3.6741-3 3.5269-3 1.7719-3 1.7719-3
Mn 1.9442-4 1.9442-4 1.8387-4.  1.1779-4 1.1779-4
 Fe 1.3373-2 1.3373-2 1.2797-2  6.3353-3 6.3353-3
Ni 1.6860-3 . 1.6860-3 - 1.6067-3  7.7241-4 7.7241-4
Zr 2.0906-3 2.0906-3

a) Mixture of 84 drawers of ICA and 28 drawers of ICB
b) Mixture of 48 drawers of OC1, 48 drawers of OC2 and 8 drawers of SCR

Doppler sample

0 R, 3.1 2 31 (cm)

R.: 1.24 cm for NU-metal (25¢) sample
: 1.25cm for NUO, (25%) sample
: 1.00 cm for NUO, (20*%) sample

Fig.3.1 Cell model for calculation of effective cross section of Doppler samples.

(Isolated cylinder model)
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(unit:cem)
66.04
NU blanket
45,72
DU blanket
{01 0C1 :
|C1 +
c | + 0C2
apsule +
13.00 2| R
7.50-} _
| : R
OR = » & 2 =
™ & = 2 7

Doppler sample
Fig.3.2 RZ model of FCA XVI-1 core for Doppler reactivity worth calculation

Z
(unit:cm)
66. 04
NU blanket
45.72
DU blanket
|CA 0C1
|CA +
Capsul . 0cz
e +
13.00 /f IC8 SCR
7.50—1
R

OR = &
m

Doppler sample
Fig.3.3 RZ model of FCA XVI-2 core for Doppler reactivity worth calculation

34.26
45.71
70. 49
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Table 4.1 Experimental results of Doppler reactivity worth in FCA XVI-1

Sample Temperature (C) Reactivity worth (107 p o)

NU-metal(25*) 20 283 + 0.4

20-+300 -0.851 = 0.037

20—550 -1.358 = 0.039

20—800 -1.765 * 0.035
NUO,(25%) 20 -16.8 £ 0.4

20—300 -0.359 = 0.037

20—550 -0.582 =+ 0.032

20—800 -0.797 = 0.034

10,=7546x10" Ak/k

Table 4.2 Experimental results of Doppler reactivity worth in FCA XVI-2

Sample Temperature (C) Reactivity worth (102 o )
NU-metal(25 %) 20 217 +04
20—300 -0.635 -+ 0.043
20—550 -0.989 £ 0.033
20—800 -1.290 = 0.036
NUOQ,(25%) 20 -15.0 £ 0.4
20—300 -0.301 * 0.037
20550 -0.498 =+ 0.041
20-+800 -0.666 + 0.045
NUO,20%) 20 9.2+ 0.4
20—300 -0.248 + 0.031
20—550 -0.373 =+ 0.034
20—800 -0.428 £ 0.033

1 po=35.79x10" Ak/k for NU-metal(25*) and NUO,(25*) samples
1po=>582x10" Ak/k for NUO,(20*) sample
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Table 4.3 Comparison of calculated and measured Doppler reactivity worths

in FCA XVI-1 core

Sample Temperature Experiment Calculation C/E
) (10° Ak/k) (10° Ak/k)

NU-metal(25 *) 20 1545 £2.2 -152.2 0.985

20—300 4,65 + 0.20 -3.99 0.858

20—550 -7.42 + 0.21 -6.27 0.846

20800 9.64 = 0.19 -7.95 0.825

NUO,(25%) 20 91.7 £ 2.2 -84.8 0.925

20300 -1.96 = 0.20 -1.80 0.919

20-+550 -3.18 # 0.18 -2.84 0.894

20—800 -4.35 + 0.18 -3.61 0.829

Table 4.4 Comparison of calculated and measured Doppler reactivity worth

in FCA XVI-2 core

Sample Temperature Experiment Calculation C/E
(C) (10° Ak/k) (10° Ak/k)

NU-metal(25*) 20 -125.6 £ 2.3 -123.5 0.983

20-+300 -3.68 = 0.25 -2.97 0.805

20550 -5.73 £ 0.19 -4.68 0.817

20—800 -7.47 £ 0.21 -5.95 0.797

NUO,(25%) 20 -86.9 £ 2.3 -81.2 0.934

20300 -1.74 £ 0.22 -1.38 0.791

20->550 -2.89 + 0.24 -2.18 0.755

20->800 -3.86 + 0.26 -2.78 0.719

NUO,(20%) 20 533 £ 2.3 -49.5 0.929

20-+300 -1.44 £ 0.18 -0.85 0.592

20—550 -2.17 £ 0.20 -1.35 0.621

20— 800 -2.49 £ 0.19 -1.72 0.690
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Table 4.5 Correction of Doppler reactivity worth for high energy contribution above 40.9 keV

Core Sample Température(°C) Correction factor C/E after correction
XVI-1  NU-metal(25%) 20300 1.147 0.984 (£4.3%)"
20550 1.138 0.963 (£2.9%)

20—800 1.130 0.932 (£2.0%)

NUO,(25%) 20-+300 1.089 1.001 (+10.3%)

20—550 1.083 0.968 (£5.5%)

20—800 1.078 0.894 (£4.3%)

XVI-2  NU-metal(25%) 20—300 1.136 0.914 (+6.8%)
20—550 1.127 0.921 (+3.3%)

20—800 1.120 0.893 (+2.8%)

NUO,25%) 20—300 1.080 0.854 (+12.3%)

20—550 1.075 0.812 (£8.2%)

20—800 1.070 0.769 (+6.8%)

NUO,(207) 20—300 1.070 . 0.633 (£12.5%)

20—550 1.065 0.661 (£9.1%)

20-+800 1.062 0.733 (£7.7%)

VI-1 NUO,25%) 20—800 1.059 0.983%. (+2.0%)
VI-2 NUO,25%) 20—800 1.039 0.968° (£0.9%)

a) Experimental error
b) C/E value before correction was 0.928
¢) C/E value before correction was 0.932
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Table 4.6 Influence of “*U in core region on Doppler reactivity worth

Core Sample Temperature [Cylindrical rod array model]
O [Isolated cylinder model]
XVI-1  NU-metal(25%)  20—300 1.014
20550 1.013
20—800 1.012
NUO,(25%) 20300 1.029
20—550 1.028
20-+-800 1.027
XVI-2 NU-metal(25*) 20300 1.010
20—550 1.010
20—800 1.009
NUO,25%) 20—300 1.019
20—550 1.018
20~-800 1.017
NUO,20%) 20300 1.025
20550 1.024
20—>800 1.024
VI-1 NUOL25%) 20800 1.023
\4 & NUO,(25%) 20—800 1.008

Table 4.7 Component parts of Doppler reactivity worth in FCA XVI-2 core
for temperature rise from 20°C to 800°C

Sample Energy Ao, $” 6°% Ao,$ ¢ /IP°

group  (barn) (10°) (107) (107)

NU-metal(25*) 289 0.0415 ©1.440 6.619 2.216
379 0.2115 0.315 7.445 2.779

NUO,25%) 28 0.0292 1.488 6.766 1.647
37 0.2341 0.342 7.702 3.455

NUO,(20%) 28 0.0267 1.515 6.798 1.540
37 0.2378 0.342 7.735 3.522

a) Average neutron flux at sample -

¢) Perturbation denominator : 1.785x10° for all samples
€)0.961~1.23 keV

d)9.12~11.7 keV

b) Average adjoint flux at sample
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Fig.4.3 Normalized Doppler effect measured in FCA as a function of spectrum index
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Fig.4.7 C/E trend of Doppler reactivity worth in FCA XVI-1 and XVI-Z cores
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(e) SCR drawer Al (hole) {1/87)
(Safety/Contro! rod)

93%EU (1/167) W

sus {1/187)

(f) FR drawer (Fine control rod)

NU

93%€EU (1/167)

Fig.A.1 Plate configurations of drawers in FCA XVI-1 core
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(e) SCR drawer Al (hole) (1/87)

(Safety/Control rod)

93%EY (1/167)

sus {1/167)

NU

(f) FR drawer .
(Fine control rod) Allhole) (1787)

20%EU (1/87)

SUS (1/16" ) ——jmmm

0% (/87— FEEEeE T e

KU

Fig.A.2 Plate configurations of drawers in FCA XVI-2 core
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Table B.1 Fine rod calibration in FCA XVI-1 core

Step Time  FR position CRI position CR1 worth  Corrected worth

(min)  (mm) (mm) (00 (00

1 0 0.07 95.93 0 0

2 26 40.01 90.02 0.1200 0.1213
3 36 80.00 84.30 0.2366 0.2384
4 48 120.00 78.77 0.3497 0.3521
5 62 160.00 73.45 0.4588 0.4619
6 74 200.00 68.62 0.5580 0.5618
7 115 0.07 96.22 -0.0059 0

Table B.2 Fine rod calibration in FCA XVI-2 core

Step Time FR position CRI1 position CR1worth  Corrected worth

(min.) (mm) mmy () (po
1 0 0.10 104.03 0 0
2 12 40.00 100.70 0.0676 0.0677
3 21 80.00 97.49 0.1329 0.1330
4 33 120.0 94.29 0.1982 0.1985
5 43 160.00 92.29 0.2596 02599
6 55 0.10 104.05 -0.0004 0
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