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Measurement of Infinite Multiplication Factor
by using Central Cell Reactivity Worth
on FCA XIV-] Core Simulating

High Conversion Light Water Reactor
Takeshi SAKURAI, Shigeaki CKAJIMA and Toshitaka OSUGT

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 29, 1991)

A series of reactor physics experiments simulating High Conversion
Light Water Reactor (HCLWR) has been carried out at Fast Critical Assem-
bly (FCA) in Japan Atomic Energy Research Institute. 'Cell Reactivity
Worth Method' which obtains infinite multiplication factor (K) of core
cell with use of the central cell reactivity worth was applied for
measurement of Ko on FCA XIV-1 core which is the first core in the
series of experiments. Comparison between the K, value by Cell Re-
activity Worth Method and the K, value by conventional Buckling Method
was made. As a result of comparison, K. values by these two independent

experimental methods agreed well within experimental error.

Keywords: Kg, HCLWR, Cell Reactivity Worth Method, Buckling Method, FCA
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Table 3.1 Experimental central cell reactivity worth in FCA XIV-1 core

Material Reactivity worth

All plates included 0.288 pa =*0.005 pag
in the central cell

Stainless steel of drawer and marix -0.080 pp £0.0064 pop
tube included in the central cell”

Central cell 0.208 pg £0.0082 py

( 1pg = 0.1032%k/k )

* Reactivity worth of stainless steel
measured using stainless steel plates : -6.1x10"% pga/g £8.0 %

Weight of stainless steel of
drawer and matrix tube : 131.94 g

Table 3.2 Experimental reactivity worth of the 252¢f neutron
source at the center of FCA XIV-1 core

Nominal TFlux level’ Reactivity worth
reactor monitor of 2%2Cf source
power

0.5 W 0.513X10 %4 0,05582+0.0013pp
1.0 W 0.100X1077A 0.02884+0.0013p0 08

(1lpa = 0.10323%k/k )

% [,inear channel CH.5 (uncompensated ion chamber)
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Table 3.3 Experimental absolute fission rate in EUO6 cell
at the center of FCA XIV-1 core

Nomirnal  Flux level Nuclide
reactor menlior
power 235y 238y
T0W 0.070x107°%  1.572x107'9+4.1% 8.11x10° 17+ 7. 2%
A aton™'s”! atom™'s!

" Table 3.4 Number of atoms in fuel plates

Type of Number of atoms in a plate
fuel plate
235U 238[]
20% Enriched Uranium metal 3.791x10%% 1.505x102%

(size:2inch-2ineh-1/16inch)

Natural Uranium oxide 1.368x1021 1. 887x10%3
{(size:2inch-2inch~1/16inch)

Depleted Uranium oxide 7.200x10%® 3. 544x10%%
{(size:2inch-Zinch-1/4inch)
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Table 3.5 Comparison of calculated v and f (=K&/Kpt) values
with use of JENDL-2, JENDL-3 and ENDF/B-IV data

files for EUQ6 cell

library JENDL-2 JENDL-3 ENDF/B-1V
i) 2.4755 2.4733 (-0.098%)" 2.4666 (-0.36%)

0.9968 0.9966 (-0.02%) C.9961 (-0.07%)

% Values in parentheses : Difference from values calculated with

use of JENDL-2 data file

Z (cm)
55 Buffer

Axial Blanket Driver Zone

66.04 é //

y
Radial -
45.72 YT ¥ ] Blanket
Safely / Control
/
Test 42/”1//,//72;11 Rod
Zone
0 B om& B & R {cm)
NGEERE %
(o

Fig. 3.1 Two-dimensional cylindrical model of FCA XIV-1 core
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Fig. 3.3 252Cf source worth against flux level
at the center of FCA XIV-1 core
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Fig. 3.4 Distribution of apparent reactivity worth
of 292Cf source neutrons in EU06 cell
at the center of FCA XIV-1 core



JAERI-M 91-014

L — Enriched
uranium
foil

Depleted
uranium

foil

HIRANINTENNN

|

L L L L e T T T T T O T T O T T T T

SRRERLASIRSLEARRANAN LNANRANANNRRARREITDIRREL DRI LI ARRARTE

JTETTITEITON VN ERT

.
Aluminum oxide | Depleted UOQ, Natural U

Polystyrene Enriched U
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Fig. 3.6 FEnriched uranium foil location in EUO6 cell
for relative fission rate measurement
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Fig. 3.7 Calculated fission rate distribution in EUQ6 cell
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- Table 4.1 Experimental quantities and calculated correction factors for
the experimental K. values of EUO6 cell in FCA XIV-1 core

pce]] 0.208 ,Og i40%
ecr’ 0.0558 pog T 2.4%
Scf }..ngIDB H/S +2.2%
Ry ~ 1.181x107 /s +3.8%
<ty >
L reellt 0. 99631
<P xce?
v 2.4755
Ko 1.188 +0.015
f{i=Koo/Kn') 0.8967%
K o 1.185 +£0.015
Dcell : The central cell reactivity worth
ocr : The apparent reactivity worth due to spontaneous fission
neutrons emitted from the #%°Cf neutron source
Set . The strength of the 2%2Cf neutron source {Sep.5th, 1986)
Ry : The fission rate integrated in the cell

(¢ *xcer11>: The difference between the importance of the fission
— e peutrons in the fuel and the importance of the 2°2Cf

{¢ " xcr> soUrce neutrons

v . The average number of neutons per fission

f . The ratio of Kw to kp'

% The flux level monitor = 0.513x107% A
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Table 4.2 Comparison between the Ko value by 'Cell Reactivity Worth
Method' and the Ko value by 'Buckling Method' for EU06 cell

"Cell Reactivity Worth Method Ke (0} 1.185 +90.015
"Buckling Method’ K oo (B?) 127 1.176 +0.004
The ratio{k e (0 )/ Ko (B2)) 1.008 +0.013
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Bl EDENRIGEMEZOBAZRA A 0 Ko BIEME LT 1.18540.015(1. 2%) 2157,
. BESOATHREDCEROTREESNE D . Ko HIEMOMEMIRZER £ 1%L D F TEET
ZCENTREELOND, ILK, BoNh ket /¥y 7 ) Y IHEEE S ke EHE LT,
ZOMHER,. IS 2o0WMTLEMNEFERLL A K REEOHBNTEIL L7
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