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Decrease in Power Peaking in a Cluster

of Different Enrichment Fuel Pins

Measurement with Foil Activation Method

Akito NISHI*

Toshio WAKABAYASHI*
Katsuji TOMURA*
Yuuki HACHIYA*

Abstract

In order to study feasibility of the decreasing local
power peaking factor, a special type of cluster was assembled
by arranging 0.87% enriched Pu0,-U0, fuel pins in,the inner
two layers and 0.54% pins in the outer, among three concentric
layers of a cluster. ©Nine of such clusters with H,0 coolant
(0% voidage) were loaded in the central region of DCA core of
22.5 cm lattice pitch and 1.2% enriched U0, fuel clusters in
the surrounding region. Measurement was made in the central
channel (fuel cluster) of the core.

In contrast to the usual method of measuring local power
peaking factor <LPF> by direct Y-ray scanning of fuel pins,
power contribution from each nuclei 235U of 2%%py has been
specified by present foil activation method using high-enriched
uranium and plutonium foils. The resultant factor <LPF> of
the different enrichment fuel pins' cluster was obtained as
follows.

<LPF> = 1.08 = 0.02

This value is favorably less than that of the ordinary
uniform arrangement cluster of 0.54% or 0.87% Pu0.-U0; fuel
pins.

Calculational value by NOAH-II code is 1.11 and the value

is overestimated by 2.8% of the experimental one. This

* Heavy Water Critical Experiments Section, Oarai Engineering
Center, P.N.C.
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discrepancy is explained due to little dependence of 23°py
absorption cross section on thermal neutron spectrum in the
NOAE-IT calculation, because in the present experiment it was
revealed that the cross section (in the form of ratio of
239y to 2%°y fissions) depends largely on thermal neutron
energy spectrum.
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Table 1 Experimental Conditions of the core

Lattice pitch

22.5 cm

Coolant vold fraction

0% (Ho0 level 888 mm)

Critical level of D,0

888.6 mm

Number of cluster

loaded in the core

9(0.87w/o & 0.54w/o0 Pu0,-U0,) in the central
and 108 (1.2%U0,) in the outer surrounding

< region

Table 2 Dimensions and compositions of fuel pin

Fuel ID 1.2wfo U 0.54w/0 sPu 0.87w/o sPu
Fuel pellet
Outer dia. {(cm) 1.48 1.47 1.47
Density 10.36 10.17 10.17
Isotope (w/o)
U-235 1.057 0.6214 0.6194
U-238 86.793 86.782 86.503
Pu-238 — 0.000102 0.000145
Pu-239 — 0.4304 0.6849
Pu-240 —_— 0.04115 0.06584
Pu-241 — 0.004359 0.006960
Pu-242 — 0.000303 0.000510
0-16 12.150 12.12 12,12
Sheath
Inner dia. (cm) 1.503 1.506 1.506
Outer dia. (cm) 1.673 1.668 1.668
Material Al Zry-2 Zry-2




PNC TN941

75—A47

Table 3 Specifications of detecter foil

Foil 1.D.| Dimension Content
(old) 18.04w/o U~Al metal

. EU 235

(o1d) 14,8 mmé 89.84w/o u/u

or (new) 0.1 mmt | {new) 8.53w/o U-Al metal

89.84w/o 235u/y
Pu0,-Polyethylene Mixture
PU 14.5 mm¢ 36 .8w/0o PuOj/Mixture
0.11 mmt | 87.46w/o Pu/Puly

0.023w/0-238Pu/Pu, 90.21w/0-23%Pu/Pu
8.758w/0-240Pu/Pu, 0.937w/0-2"41Pu/Pu, 0.073w/0-2%2Pu/Pu
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L 3005 mm

Cluster fuel
channel (Total
number: 121)

(:) (:) 225
‘00000
O00008™OO
O000000000O0
O0000000000
00000200000
O00002®@20000O0
OC0000®2200000
O000000000O0
O000000000O0
O00000000
O000000

() 0.54 & 0.87w/o Pu0,-U0, mixed fuel cluster
(Position for foil measurement)
629 0.54 & 0.87w/o Pu0,-U0, mixed fuel cluster

(:) 1.2w/o U0y fuel cluster

Fig. 1 DCA core configuration of 22.5 cm piteh lattice
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- Moderator
Calandria Tube (A%)
Air Gap
— Pressure Tube (AR)
Clad (Zry-2)

0. 87W/0 PuOZ—UOZ

T

3] g s

o o M
03]
=
r+

0.54w/0 Pu0,-U0,

F-1, -2, F-3, F-3'
Position for foil

Fig. 2 Cross sectional view of 0.54 & 0.87 /wo Pu0,-U0, mixed fuel
cluster



PNC TN941 75—47

Sheath
(Zry-2}

Thin Al tape to
contact a disk
pellet and a pellet

16 .. 7mmg

15.1mm

o =)

w40cm from the
bottom of fuel
pellet

Foil cassette
AL1(0.02mmt)

=)
(—5)

PU-foil
EU-foil

Disk pellet having flat
surface and the same

/ composition as that of
” the adjacent pellets

120 m2
j“vl&.? mmé

. ~loy,

Fig. 3 Foil arrangement in Pu0,-U00, fuel pin .
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Wi 1 NOAH-TID) A Jy

*NOAH-2 22,5LP MIXFD FUEL (SS AND %S PUG2-UD2) ¥ VOID
POLYGCN(1.00) O '

DIAMET(1.00)11.28

JTEMPER(1.00)22,0 C .
DIAMET(1.11)1,472

DENSTT(1.11)10,17

INGRED(1.11)7,18,0,6194,20,86.5031,21,0.6849,22,0.06584,¥

23,0,006960,34,0,000510,2,12.119
TFMPER(1.11)22.0 |
DIAMET(1.12)1,668
DENSIT(1.12)5, 3477
INGRED(1,12)5,3598.,22,10,1.48,6,0,14,11,0,10,7,0.06
TFMPER(1.12)22,0

DENSIT(1,10)0,99777 * |
INGRED(1.10)2,1,11.1901,2,88,8099 .
LAYER 2=1

DIAMET(1.31)1,469

TFMPER(1.31)22.0

DENSIT(1.,31)10,171
INGRED(!,31)7,18,0.6214, 20,86 7823,+21,0,4304,22,0,04115,Y

25,0,004359,34,0,000303,2,12.120

DTAMET(1.32)1,668%
DENSIT(I.32)SJ3728
INGRED(1.32)5:5:98.22;1091oﬂ8167“.14vllﬁgjlpl7v0!06
TEMPER(1,32)22.0
DENSIT(1. r(1.30)0. 99777 % '
INCPFD(I 30)2,1,11,1901,2,88,5%09% *
POLYGON(2, oy, ..
DIAMET(2,00)11.68
DENSIT(2.00)0,99777
INGRED(2.UU)2r1:11.1901’2’88.8099
TEMPER(2.00)22!U .
RARE REGION(2,00) *
POLYGON(3,00)0
DIAMET(3.00)12.0¥%
DENSIT(32, 002,674
INGRLD(3 00)1,9.,100,0
TEMPER(3.00)22.0
RARF RECION(3.00) %
POLYCONC4,00)0 e
DIAMET(4.00)13,25
AIRCGAP(4,00) e
POLYGON(S5,00)0
DIAMET(5.00)13,85
DENSIT(S5.C0)2,674
INGRED(S5.00)1,9,100.0
TEMPERE(5.00)22,1
RARE REGION(S,00) =
POLYCON(6.0020
NIAMET(&.00)25,39
DENSIT(6,00)1.1078
IHGRED(é.DU)E,J,0.05036,38,2”.ﬂ2?3,2,?9.9?23
T MPFR(6.00)22.0
AFPAY TYPE u,3,1,3125,3,00, 4, 7575,4,%,16

BUCKLING 0. Gﬂ1613739*
FFSONF"\'CP 621%,20,21,22,23, %4

I R

-
L
_,

* oM % B W

AIR.G

¥ o R ox R OH op H
M
.
—

MOD

®* W K M % X

*
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EIVF GROUP

DG LAYER 1,0,2
SPECTRUM 4,2,1,00,2,00

SPECTRUM 5,4,3.00,4.00,5.00,6.00
FPSILON 0,0001

GEOMETRY 10,10,1075+5,5.5.20

* % 3t B H®

RECORD 56!2!20!0.588301“)2071.QSG“éfS!ZD)Q;EQSAULQDLL§12-QlL¥,“
: 20'21’2, 870991 20, 23’2.96899r Ing,ng.UDDQy 108:3:0.98&34.1‘
108!570;99258!10871172.“2680710811292.88799{1Q§113’§_,101{01—}*

FINAL OUTPUT 3,64+69,94,96,171+,171
JTERATE 5 =

BEGIN CALCULATION

*NOAH=2 22,51 P MIXED FUEL_(5S AND ES PUO2-U02)

100% VQ1ID.

DENSIT(1.10) 0.000455
INGRED(1,1002,1,11,1901,2,88.8099

%

DENSIT(1.20) N.000455
INGRED(1,20)2,1,11,1901,2,88,8099

x

DENSIT(1.30) G.000455
INGRED(1.30%2,1,11.1901,2,88,8099

DENSIT(2.00) 0,000455
INGRED(2,.00)2,1,11.1901,2,88,8099

‘BUCKLING 0,001144234%
‘BEGIN CAILCULATION *




