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Measurement of **U Doppler Effect using Various Samples
in FCA XVII-1
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28U Doppler effect measurements were carried out using 6 uranium samples with various
composition or diameter varying self-shielding factors of 2U, Calculation accuracy of the
standard analysis method for fast reactor cores at FCA was investigated.

The Doppler effect were measured by the sample-heated and reactivity worth measurement
method up to 800 C in the FCA XVII-1 assembly, which simulated Na-cooled MOX fueled
FBR. In the analysis, the Doppler effect was calculated using the effective cross sections
obtained by the PEACO-X code.

The calculated values based on the diffusion theory agreed well with the experiment for the
U-metal and UQ, samples. The calculation underestimated the experiment from 10% to 30%
for the UQ, samples containing BeO. This underestimation was improved by the use of the
transport calculation. The calculation, however, underestimated about 20% for the sample

whose background cross section is greater than 300 barns.

Keywords: U Doppler Effect, Doppler Reactivity Worth, MOX, Fast Breeder Reactor,
Fast Critical Assembly, Self-shielding Factor, Background Cross Section, Collision
Probability Code PEACO-X, Transport Effect
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Fig. 5 Comparison of the energy breakdown of the Doppler reactivity worth between the
transport and diffusion calculations
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Table 1 Properties of uranium pellets of the Doppler samples

*

Sample Outer diameter ~ Mass of **U  Density of **U o,
(mm) ®) (g/cm’) (barn)
U-metal-25 24.8 1337 18.2 11
U-metal-20 20.0 863 18.3 14
UO,-25 25.0 601 8.16 33
UO,-20 20.0 374 7.85 40
UO,+BeO(1: l)" 25.0 292 3.96 89
UO,+BeO(1:5) 25.0 97 1.32 311

* Background cross section of *U (energy averaged)

** Values in parenthesises are the volume ratio of UO, to BeO

Table 2 Experimental results of the Doppler reactivity worth

Sample Temperature Ppoppler( 1)
(©) (x-107%p,) (x-10°AK/K)
U-metal-25 300 1.37£0.029”  0.823%0.019
550 2.15+0.033 1.294+0.024
800 2.79+0.038 1.678+0.028
U-metal-20 300 0.909+0.042  0.546x0.026
550 1.42+0.040 0.856+0.026
800 1.82+0.042 1.097+0.027
UO,-25 300 0.669+0.025  0.402+0.016
550 1.04+0.033 0.627+0.021
800 1.38+0.029 0.829+0.019
UO0,-20 300 0.468+0.040  0.281+0.024
550 0.682+0.038  0.410+0.023
800 0.874+0.035 0.526+0.022
UO,+BeO(1:1) 300 4.08+0.024 0.245+0.015
550 6.46x0.026 0.388+0.016
800 8.13+0.027 0.489+0.017
UO,+BeO(1:5) 550 0.263+£0.032  0.158+0.019
800 0.324+0.030  0.195+0.018

*1p=(6.010.06) X 10™*Ak/k was adopted

** Experimental error



JAERI—Research 2001—017

Table 3 Experimental results of the sample

reactivity worth of the Doppler samples

Sample Pample

o) (x-10°Ak/k)”
U-metal-25 0.293+£0.004"  17.6+0.24"
U-metal-25 0.195 11.7+0.24
UO,25 0.169 10.2+0.24
UO0,-20 0.105 6.31+0.24
UO,+BeO(1:1) 0.126 7.57+0.24
UO,+BeO(1:5) 0.087 5.23+0.24

*1p,=(6.01£0.06) X 10*Ak/k was adopted

** Experimental error



JAERI—Research 2001—017

Aly05(1/16") Al,05(1/16")
N N N N
N N NN N
T2 cell \ \ SENENEN \
NE N RN N N IR
o o~ o | o 1 Y b N
o tOWE (O]l NO | ® o [O s fOYs|IO]lam
ZIOZ2 DY 28212 ZI 21218282212
[a) o\ 0 .o\ EO\E Q)
N R N N \\
N R \ :\; N
\ N N
N k k ’t\/’ [\
Pu NU
I
N i
v e
A
PD cell ’ SCR cell NiY s
AN Y o 2‘: l‘{:m W ]
NS EINGE S\E & o did did b
N\ g0 Y i i A
kL <C 2 H
WYyl
W
Ny i
Y Ui
ARV
EU20(1/8%) EU20(1/16") SS EU93
N N R N
N N N N
NI 8§ AN
UD cell § =8 EN
Nzl . NS N« EN
N2 EREREE
N N N N
N N2 N EN
NI AR TN
NI § ¥ N
NI R} I
N N R N
N1 § Y 1N
N N N N
Not EU93
ote
Pu :92% fissile plutonium metal (SS clad), 1/16" EU93 :93% enriched uranium metal, 1/16"t
EU20 : 20% enriched uranium metal NU : Natural
uranium metal, 1/16"
DUO, : Depleted uranium dioxide, 1/4"t Al,O4
Aluminum oxide
Na : Sodium (SS clad), 1/4"t SS : Stainless steel, 1/16"t
Al(void) : Aluminum metal with void, 1/8"t

The numbers in the parenthesis are thickness of the plates.

Fig. 1 Cell patterns of the FCA XVII-1 assembly
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Fig. 2 RZ-model of the FCA XVII-1 assembly (with the Doppler effect measurement devices)
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Fig. 3 Experimental results of the Doppler reactivity worth
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Table 4 Atomic number density of each region used for the PEACO-X calculation
x10°* atom/cm’

Nuclide U-metal-25* U-metal-20 UO,-25 UO,-20 UO,+BeO(1:1) UO,+BeO(1:5)

By 3.351E-4° 3.377E-4 1.503E-4 1.463E-4 - 7.302E-5 2.433E-5
28y 4.593E-2 4.633E-2 2.063E-2 2.008E-2 1.002E-2 3.328E-3
Be 3.006E-2 5.650E-2
O 4.157E-2 4.045E-2 5.024E-2 4.980E-2

* Read as 3.351x10"

Table 4 (continued)
x10** atom/cm®
Nuclide Empty Can-25 Empty Can-20 Capsule-25 Capsule-20 Core

2y 1.3954E-5
iy 6.8690e-3
2%Pu 1.0455E-3
#0py 9.2158E-5
#py 3.4518E-6
*Am 5.1994E-6
O 1.7038E-2
Na 7.6564E-3
Al 2.3188E-3
Cr 2.368E-3 3.109E-3 5.185E-3 4.929E-3 3.3473E-3
Mn 1.7733E-4
Fe 8.485E-3 1.114E-2 1.888E-2 1.794E-2 1.2175E-2
Ni 1.105E-3 1.451E-3 3.496E-3 4.198E-3 1.5301E-3

U-metal255 > TV OX Ly N ERIZEEIZIZ2.48cmd THDH, oy > IV EEHE
EFINEHE—E8250emp &Lz, THITHEN, XLy NFOEREFEZREFETHEDI
FFREEEZRARL .
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Table 5 Results of the analysis on the Doppler reactivity worth

Sample Temperature Ppoppter (1) C/E value
(C) (X-107Ak/K)
U-metal-25 300 0.7919 0.962+2.2%
550 1.258 0.972+1.5%
800 1.644 0.980+1.4%
U-metal-20 300 0.5240 0.960+4.6%
550 0.8343 0.974+2.8%
800 1.0918 0.995+2.3%
UO,-25 300 0.3865 0.961£3.7%
550 0.6193 0.988+3.2%
800 0.8139 0.982+2.2%
U0,-20 300 0.2439 0.868+8.5%
550 0.3914 0.954+5.6%
800 0.5149 0.979+4.0%
UO,+BeO(1:1) 300 0.2085 0.851£5.7%
550 0.3350 0.863+3.9%
800 0.4408 0.901£3.5%
UO,+BeO(1:5) 550 0.1116 0.706+12%
800 0.1466 0.752+9.2%

* Experimental error

Table 6 Results of the analysis on the sample

reactivity worth of the Doppler samples

Sample Prample C/E value
(X-10"Ak/K)

U-metal-25 17.36 0.986+1.4%'
U-metal-20 11.35 0.970+2.1%
UO,-25 9.843 0.965+2.4%
UO,-20 6.068 0.962+3.8%
UO,+BeO(1:1) 8.238 1.09+3.2%
UO,+BeO(1:5) 6.137 1.17+4.6%

* Experimental error
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Table 7 Resuits of the analysis with transport correction on the Doppler reactivity

worth
Sample Temperature  pp.., (T) (X-10°Ak/k)  Trans/Diff”  C/E value”
(O Transport  Diffusion
U-metal-25 300 0.8620 0.9136 0.944 0.908+2.2%"
550 1.370 1.452 0.944 0.917+1.5%
800 1.790 1.898 0.943 0.924+1.4%
UO,-25 300 0.4353 0.4477 0.972 0.934+3.7%
550 0.6982 0.7176 0.973 0.961+£3.2%
800 0.9176 0.9433 0.973 0.955+2.2%
UO,+BeO(1:1) 300 0.2488 0.2429 1.024 0.871+5.7%
550 0.4003 0.3904 1.025 0.885+3.9%
800 0.5273 0.5139 1.026 0.924+3.5%
UO,+BeO(1:5) 550 0.1429 0.1307 1.093 0.775+£12%
800 0.1883 0.1718 1.097 0.826+9.2%

a) Transport correction facto: ratio between the transport and diffusion calculation
b) Transport corrected on the results of Table 5

c¢) Experimental error

Table 8 Results of the analysis with transport correction on the sample

reactiVity worth (psamplc)

Sample Prample (X -10°AK/K) Trans/Diff®  C/E value”
Transport  Diffusion
U-metal-25 19.81 19.84 0.998 0.984+1.4%"
UO,-25 11.30 11.28 1.002 0.967+2.4%
UO,+BeO(1:1) 8.105 9.331 0.869 0.945+3.2%
UO,+BeO(1:5) 4.572 6.638 0.689 0.809+4.6%

a) Ratio between the transport and diffusion calculation

b) Transport corrected on the results of Table 6: Trans/Diff for p,, ,. was multiplyed
on C/E values of Table 6

¢) Experimental error
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