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Measurement of Doppler Effect Up to 2000°C at FCA (1)
- Development of Experimental Device for Doppler Reactivity

Worth Measurement with Small Sample Heated Up to 1500°C -

Hiroyuki OIGAWA, Shigeaki OKAJIMA, Takehiko MUKAIYAMA, Kunio SATOH
+ * * %
Makoto HISHIDA , Mutsuhiko HAYANO , Fumic KUDOGH and Yoshiyuki KASAHARA

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 7, 1994)

A new experimental device for the measurement of 238y poppler effect
up to 2000°C was developed for the Fast Critical Assembly (FCA) of Japan
Atomic Energy Research Institute with the intention to improve the Doppler
effect analysis at high temperature in fast feactors. The measurement
method consists of two different techniques; one is the reactivity worth
measurement with using a small sample heated up to 1500°C, the other is
the reaction rate measurement with using a foil heated up to 2000°C. In
the present work, the develcopment and measurement for the former technique
is described.

The technique itself had been used in critical assemblies around the
world, including FCA, for the measurement up to 800°C. The present new
device was developed by improving the old device throughoutly to extend
the sample temperature up to 1500°C which is hot enough for us to evaluate

the Doppler effect in the MOX-fuel fast reactor.

Keywords: Doppler Effect Measurement, Uranium—-238, FCA, Reactivity Worth,

High Temperature, Small Sample, Experimental Device
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Table 3.1 UQ; sample

Diameter 19.8 mm

Length 150.0 mm
Diameter of hole 5.9 mm
Mass . 44162¢g
Density 95.8 %TD
U containment 88.15 %
Isotospe ratio

By 0.264 %

U 99.730 %

Table 3.2 Position of thermocouples

Position Type of thermocouple
Sample center BY

Sample edge B

Outer surface of vacuum capsule K"

Quter surface of cooling capsule K

Coolant air inlet K

a) Pt-Rh(30%) alloy - Pt-Rh(6%) alloy
b) Chromel - Alumel
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Table 5.1 Results of Doppler reactivity worth measurement
(Assembly XVII-1)

UQ, sample Dummy sample
Temperature Doppler worth®*
(C) Ax® Ax-Ax(207C) Ax Ax-Ax(20TC)|  (10°Ak/K)
(mm) (mm) (mm) (mm) .
20 -6.147 2.805
-6.155 2.947
-6.195 2.938
-6.174 : 2,655
56.168 2.701
+0.021° 70133
+0.021
550 -16.527 -3.865
-16.718 -4.272
-16.508 -4.072
A.16.584 -10.416 A.4.040 -6.849 4.40
+0.106 +0.118 *+0.176 +0.221 +0.31
800 -19.593 -6.321
-19.556 -6.372
-19.514 -6.215
A719.554 -13.386 56.303 -9.112 5.27
+0.040 +0.045 +0.080 +0.155 +0.21
1100 -22.417 -8.422
-22.465 -8.385
-22.525 -8.274
A22.469 -16.301 A 8.360 -11.169 6.32
+0.054 +0.058 +=0.077 +0.154 *+0.21
1500 -25.373 -10.472
-25.382 -10.648
-25.378 -10.744
-25.555 -10.681
A 25422 -19.254 *.10.636 -13.445 7.16
=0.089 +0.091 +0.117 +0.177 +0.26

a) Differential worth of fine control rod is given at a constant value:
(1.2320.012)x10°Ak/k/mm

b) Ax : Difference of fine control rod positions between sample in and sample out.

¢) Experimental errors are evaluated from the standard deviation of measured values.
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Table A.1 Composition and mass of heating capsule
Parts uo,”? Tungsten®  Stainless steel”  Alumina®

UQ, pellet 44162 ¢
Sample cladding 306.4 g

for region 2 1548 g

for region 3 1516 ¢
Heating container 9934 g 2161.6¢g 42.1g

for region 2 4829 g 469.7 g 245¢g

for region 3 5105¢g 16919 ¢g 176g
Special drawer 18.46 g/cm

a) UQ, contains 88.15w/o of uranium. Isotope composition of uranium :

BT 7 *BU=0.264 / 99.73.

b) Natural tungsten. Isotope composition : *2W/'™ W/ %W/ " W=26.3/14.3/30.8/28.6
¢) Composition of stainless steel : Cr/Mn/Fe/Ni=18.46/1.15/70.36/10.03.

d) ALO,
Table A.2 Atomic number density (102%atoms/cm?)
Nucleus Region 1 Region 2 Region 3
(46.19cm?) (410.9cm’) (1067cm?)
2y 2.12659E-2”
»y 5.70118E-5
0 4,26534E-2 1.05787E-3 2.01925E-4
Al 7.05253E-4 1.94613E-4
Mn 2.27111E-4 2.74002E-4
Ni 1.98080E-3 2.38978E-3
Cr 3.64562E-3 4,39833E-3
Fe 1,38952E-2 1.67642E-2
W 5.083%4E-3 2.03354E-3
182y 1.33708E-3 5.34821E-4
183w 7.27003E-4 2.90796E-4
1w 1.56585E-3 6.26330E-4
185y 1.45401E-3 5.81592E-4
for dummy sample
1.05787E-3 2.91925E-4
Al 7.05253E-4 1.94613E-4
Mn 2.27111E-4 2.74002E-4
Ni 1.98080E-3 2.38978E-3
Cr 3.64562E-3 4.39833E-3
Fe 1.38952E-2 1.67642E-2
A\ 1.09807E-2 3.84958E-3 2.03354E-3
182y 2.88793E-3 1.01244E-3 5.34821E-4
By 1.57024E-3 5.50490E-4 2.90796E-4
184 3.38206E-3 1.18567E-3 6.26330E-4
185y 3.14049E-3 1.10098E-3 5.81592E-4

a) Read as 2.12659 X 10?2
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Table A.3 Electric resistance of heater and thermocouples
in both containers.

Position Electric resistance (£2)
U0, sample / Dummy sample
Heater 22/06
Sample center 06/ 1.0
Sample edge 0.9.713
Outer surface of vacuum capsule 23,762
OQuter surface of cooling capsule 58 /60
Z
(unit:cm) 1
Unit.
Core
25.0
T Region3 T
7.5
5
B Region 2 Core
=4
0 099 31 "R

Fig. A.1 Calculational model for Doppler experiment.



