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Experimental Data in DCA {14) ‘

— Resonance Capture Ratio in 22.5 cm Pitch Lattice —

Akito NISHT , Nobuo FUKUMURA%,
Toshio WAKABAYASHI*, Yukito KUSAWAKE®#*
and Katsuzi TOMURA%*

Abstract

Resonance capture ratio p28 has been measured in plutonium fuel lattices
at 22.5 em pitch. The fuels used in the experiment were 0.87 w/o Pul,(stan-
dard grade)-UQ;[8sPul and 0.87 w/o Pul; (reactor grade)-U0;[8RPu]. H0[0%
Void fraction] and air[100% Void fraction] were used as 'coolants".

The p?® values in fuel rods on each layer of the cluster were obtained
from the Cd-ratio of 23%%y capture with the foil activation method in using
depleted uranium. The values of activities in the Cd-covered foils were
corrected for the flux perturnation due to the presence of Cd-cover.
(Experimental results of p%® in the fuel rods of 0.54 w/o Pqu—qu[SsPu]
issued befor, are also corrected and reprinted in this report)

The resonance capture ratio pze are given in the following table.

Table Experimental Results of Resonance Capture

Ratio p2® at 22.5 cm Pitch Lattice

Fuel Pin

Lattice position 1st 2nd | 3rd Cell

condition
8RPu- 0% Void 1.69 - 1.38 0.951 1.10
8RPu-100% Void 2,42 2.00 1.96 2.02
8RPu- 0% Void 1.90 1.52 1.09 1.26
8RPu~100% Void 2.54 2.23 1.96 2,08
58Pu- 0% Void 1.39 1.21 0.877 1.00
58Pu~ 307% Void 1.83 1.43 1.08 1.23
55Pu- 70% Void 2,27 1.73 o 1.23 1.43
5SPu-100% Void 1.72 1.59 1.43 1.50

* Heavy Water Critical Experiment Section, O-arai Engiﬁering Center, PNC.

#*% Present Address: Mitsubishi Heavy Industries Ltd.
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Table 1-1

Fig.

1-2
1-3
1-4
1-5
1-6

1-1

Experimental Conditions.

Core Description

Fuel Description

Fuel Ring Description
Channel Assembly Description
Coolant Description

Moderator Description

Core Configuration of DCA
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Table 1-1 Core Description

Core No. A9-2 A9-1 - A7-2 A7-1
Fuel Center - 25-8RPu 25-8RPu . 9-8SPu 25-8SPu
Toading | g, ¢ep 96-1.2U 96-1.2U 108-1.2U 96-1.2U
Void 0% (Hz20) 100% (Air) 0% (H.0) 100% (Air)
Coolant
Height 83.5 cm 0 cm 83.5 cm 0 cm
Lattice Pitch Square at 22.5cm pitch
Moderater Height 83.11cm 103.27cm 82.74cm 93.58cm
(D20)  |iog 1n p,0| <0.1 ppm <0.1 ppm <0.1 ppm <0.7 ppm
Core ID 22.5cm-8RPu-0%{22.5cm-8RPu-100% {22, 5cm-8SPu-0% {22.5cm-8SPu-100%
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Table 1~3 Fuel Ring Description’

28 elements assembly in 3 circular rings

Ring | No. of elements Pitch circle dia of
elements centers {cm)
1 4 2.625
2 8 6.000
3 16 9.515

Table 1-4 Channel Assembly Description

Dia. [Outer Dia. . .
Inn?Em)1a u ?gm)1a Material Density (g/cm?®)
Pressure Tube 11.68 12.88 |Aluminum Alloy 2.674
Air Gap 12.08 13.25 [Air 0.001745
Calandria Tube 13.25 13.65 |Aluminum Alloy 2.674
Composition |w/o in Al|w/o in Air|Atomic No. Density
Al 96.98 0.05788
Mg 2.60 0.00172
Air 23,5204 0.00001067
‘ 76.4796 0.00003962
Table 1-5 Coolant Description
Material
Coolant {w/0) H,0 D50 H3B0, Air
Yoid Fraction
0% 100 0 _ 0 0
30 % 63.17 36.82 0.0092 0
70 % 18.07 81.91 0.0215 -0
100 % 0 0 0 100
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Table 1-6 Moderator Description

(1)  Non B-Bearing Moderator
Density of Moderator (D,0: 99.42 mol/o) 1.1045, 22°C

Material w/0 in Moderator Density (g/cm®)
0.0 99.48 1.10504
H.0 0.52 0.99777 '
Ingredient w/0 in Moderator |[Atomic No. density (/cm®x10%*)
H 0.05819 0.0003840
D 20.0083 0.06608
0 79.9345 0.03323
B <0.00001 < (.0000005
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Table 2~1
Table 2-2
Fig. 2-1
Fig. 2-2
Fig. 2-3

2.

Measurement Conditions

Detector Foil Description

Irradiation Condition

Lattice Arrangement for Actiration
Cross Sectional View of Fuel Cluster

Foil Arrangement in PuOyUQO; Fuel Pin
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Table 2-1 Detector Foil Description

Foil ID Dimension Content Measured Quantity
DU 14.8 mmd 274 ppm 23°U depleted j28 g20
(DUB) 0.10 mmt U-metal ’
NU 14.8 mmd Natural (0.72w/o 23%U) 528
(o1d) 0.12 mmt U-metal
Table 2-2 Irradiation Description
Foil Core ID D,0 Critical Level | Power{(w) x Time(m)
22.5 cm-8RPu- 0% 83.54 cm
-8RPu-100% 103.76 cm
DU/NU 1T Kwx75m
-8SPu- 0% 83.43 cm
-85Pu-100% 93.82 cm
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Fuel Cluster
- (Total Number: 121)

@ Pu0.-U0, Fuel Cluster with Irradiated Foils
@) Pu0,-U0, Fuel Cluster with Irradiated Foils
O 1.2 w/o U0, Fuel Cluster with Irradiated Foils

Fig. 2-1 Lattice Arrangement for Activation
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Moderator

_ ' : Ce;]andr'ia Tube (AL)
v@ N\ ﬁgsgzie Tube (AL)

@ @k‘\‘\‘\\ ‘;l:;i (Zry-2)
@ 13'0 C()zo.]oant

' F-1! F'zs F'?’, F-B‘

Position for foil -
rement

Fig. 2-2 Cross Sectional View of Fuel Cluster
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Cd ring (0.5t)

DU/NU cassette

cd disk (14.8%, 0.5t)
Al catcher

Bt py foi]

PU cassette
Al catcher

EE:::;:::égi Eu foil

EU cassette

Disk pellet (2.0t)

having flatter surface than
the same composition

as the adjacant pellets

DU/NU cassette

Al tape (0.01t)

Zr-2 sheath

~400
Al catcher foils
(0.02t)
; " DU foil
o % NU foil
! | iﬁlﬁ;jT DU/NU cassette

- ! DU: Depleted Uranium Foil
NU: Natural Uranium Foil

— L ~ Unit: mm

Fig. 2-3 Foil Arrangement in Pu0,-UQ, Fuel Pin.
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3. Resonance Capture Rate

Table 3-1 Definition of Resonance Capture Rate p%
Table 3-2-1~3-2-8
Data of Z2®U-Capture Activities in Depleted Uranium Foils
Table 3-3 Sub-and Epi-Cadmium Activiities of Depleted Uranium Foils
and Resononce Capture Ratices p® in 22.5cm: Pitch Lattice

as a Function of Fuel Pin Positior

Fig. 3-1 p? as Functions of Coolant Void Fraction, Plutonium Fuel

Enrichment and Pin Position in the Cluster
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Table 3-1 Definition of Resonance Capture Rate p?®

(1) Definition of p?®

Ecd ©

where Ecd is the Cd cut-off enevrgy,

ooz [ oze(E)o(E)as/ [~z (EDelE)E

cgs; the capture cross section of 238U,

(2) Evaluation of p2® from the Measured Quantities.

([ang ] O—l
[Np]g

where [ijg and [Np]g are the 23%Np Activilies of

bare and Cd-covered Depleted U foils, respectively.
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Fig. 3-1 p2?® as Functions of Coolant Void Fraction, Plutonium
Fuel Enrichment and Pin Position in the Cluster.



