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Measurement and Analysis of Breeding Indices of 228U Capture to
239py Fission Rate Ratios and 238U Capture to

235 Fission Rate Ratios at Fast Critical Assembly
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Measurements and analysis of 2%%U capture rate to Z3°Pu fission rate ratio
(C8/F9) and 2380 capture rate to %%3| fission rate ratio(C8/F5), which are
important as indices of breeding behavior of a fast breeder reactor, were
performed at Fast Critical Assembly(FCA) of Japan Atomic Energy Research
Institute. The measurements were made by a foil activation technique at an
assembly simulating MOX-fueled sodium cocled fast reactor and twe assemblies
simulating metallic-fueled ones. In the measurements, depleted uranium foils,
enriched uranium foils and plutonium foils were used. Cell averaged reaction
rate ratios were obtained with cell heterogeneity corrections. Experimental
errors were 2 ~3% at one sigma. The analysis was made by using JFS3-J3.2 group
constants set which is generated from JENDL3.2 nuclear data library.

Measurements of C8 and F5 reaction rates in a thermal neutren standard field
of Kyoto University Research Reactor Heavy Water Facility were also made. The
measured reaction rates with experimental error of 1~ 1.5% were compared with
the 'reference' reaction rates which are obtained with well-known thermal
neutron cross sections and thermal neutron flux to confirm the accuracy of the
present foil activation technique.

Significant differences up to 30% in C8/F9 and 10% in C8/F5 were observed
among the FCA assemblies. These differences are caused by a large difference in
neutren spectrum between the MOX-fueled fast reactor and the metallic-fueled

one. Calculation to experiment ratios(C/E) were 1.01 ~ 0.99 for C8/FG and 1.02
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~1.01 for C8/F5. Good agreement within experimental error was also obtained
between the measured and the reference reaction rates at the thermal neutron
standard field. It has been concluded that the breeding indices at both MOX-
fueled fast reactor and metallic-fueled one can be calculated with the accuracy

of 2 ~3% when JENDL3.2 nuclear data library is used.

Keywords: FCA, Breeding Index, MOX-fueled Sodium Cooled Fast Reactor,
Metallic-fueled Sodium Cooled Fast Reactor, %8| Capture to 2*°Pu
Fission Rate Ratio, 2%%[ Capture to 2%?[ Fission Rate Ratio, Foil
Activation Technique, Cell Averaged Reaction Rate, JENDL3.2 Nuclear
Data Library, JFS3-J3.2 Group Constants Set, Kyoto University

Research Reactor, Thermal Neutron Standard Field
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Table 1 Specification of FCA assemblies

Assembly XVI-1 XVI-2 XVII-1
Fuel-type Metallic-fuel Metallic-fuel MOX-fuel
Fuel enrichment 154 %* 10.4 % 143 %

| Dimension

of active core

Height 91.5 cm 91.5 cm 91.5 cm
Radius
Test-zone 34.3 cm** 34.3cm 34.3cm
Driver-zone 45.5 cm¥*¥ 46.7 cm 47.3 cm
* Pu+2%0

** jnner core radius
**#% guter core radius

Table 2 Specification of fission foils

Foil Diameter* Thickness*  Weight* Isotopic
(mm) (mm) (mg) composition
Enriched U 12.7 0.025 ~ 60 P50 93.16%
Depleted U 12.7 0.127 ~ 290 B3 99.96%
Plutonium 11 0.1 ~167 »Ppu 94%

* Foil meat

Table 3 Cell averaging factors

Assembly 23U capture 35U fission %pu fission*
XVI-1 1.030 £ 0.51% 1.009 £ 1.3% e
XVI-2 1.005 = 0.48% 0997 + 0.44% = ------
XVII-1 1.023 = 0.37% 1.001 + 0.54% 0.991 + 0.26%

* Self shilding of 2P fission rate in a fuel plate corrected by Monte Carlo calculation
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Table 4 Comparison between measured and calculated reaction rates
at FCA assemblies

(a) U capture / 2 Pu fission

Assembly Experiment Calculation Calc. / Expt.
XVI-1 0.1126 = 3.2% 0.1134 1.007
XVI-2 0.1215 + 24% 0.1212 0.998
XVII-1 0.1457 £ 2.0% 0.1445 | 0.992

(b) bt ¥ capture / B5( fission

Assembly Experiment Calculation Calc. / Expt.
XVI-1 0.1206 = 1.9% 0.1213 1.006
XVI-2 0.1221 + 1.5% 0.1247 1.021
XVII-1 0.1322 + 1.7% 0.1351 1.022

Table 5 Breakdown of errors of FCA foil experiments

(a) 2*U capture rate

Component Error
Counting statistics of a depleted U foil 0.2% ~0.9%
Weight of a depleted U foil 0.2%
Decay correction® 0.4%
v -ray self attenuation correction in a depleted U foil 0.7%
Effective counting efficiency** 0.4%
Cell factor 0.3% ~ 0.6%
‘Total*** 1.0%~1.3%

* Decay correction with half life of *¥Np and U nef
** Breakdown of error of effective counting efficiency is shown in Appendix.1.

*** Root of sum of the squared individual components

igi
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Table 5 (Continued)

(b) 2Py and P°U fission rate

Component Error
2%Ppu fission rate U fission rate
Counting statistics of a fission foil 1.0% ~1.4% 0.53% ~ 0.85%
Weight of afissionfoil = = smeeme e
Effective counting efficiency* 1.0% ~2.3% ~0.78%

Counting statistics of

flux level monitors (enriched U foils) 1.0% ~ 1.5%

Weight of flux level monitors 0.3%
Cell factor 0.26 % **
Total*** 1.5% ~3.0%

0.44% ~1.3%
1.1% ~1.6%

* Breakdown of error of effective counting efficiency is shown in Appendix.1.

** Statistical error of Monte Carlo calculation

*#¥* Root of sum of the squared individual components

Table 6 Comparison between reference and measured reaction rates
at KUR thermal neutron standard field

Reaction Reference value* Foil measurement* Foil / Ref.
B30 capture 1.773x10"° £ 0.8%  1.758x10"° + 1.0%  0.992
57 fission 3.717x10™ + 0.4%  3.685x10™° + 1.1%  0.991
=8 4.78x10° + 1.5%  1.002

U capture / B350 fission  4.77x10° + 0.8%

* Reaction rate per atom at 200 kW operation of KUR
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Table 7 Breakdown of errors of reaction rate measurments at KUR
thermal neutron standard field

B8 capture rate ' 25U fission rate
Component Error Component Error
Counting statistics of Counting statistics
a depleted U foil 0.2% of an enriched U foil 0.78%

Weight of a depleted a U foil 0.2% Weight of an enriched U foil  0.2%

Decay correction™ 0.4% Effective counting efficiency** 0.75 %

y -ray self attenuation corre
-ction in a depleted U foil 0.7% Total*** 1.1%

Effective counting efficiency** 0.4 %

Total*** 1.0%

* Decay correction with half life of 2 Np and 2*U ne/
#+ Breakdown of error of effective counting efficiency is shown in Appendix.1.
*** Root of sum of the squared individual components
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Zirconium Natural U
Plutonium\& l‘Enriched U

]

(a) Assembly XVI-1 (15.4% enriched metallic fueled core)

Sodium

Zirconium Natural U
Plutonium .

(b) Assembly XVI-2 (10.5% enriched metallic fueled core)

Sodium Aluminium

Plutonium oxide
Depleted U l
oxide \‘

AT A A AT

(c) Assembly XVII-1(14.3% enriched Mox fueled core)

Fig.1 Plate arrangement in unit fuel cells of test region at FCA assemblies
(Height of a plate is 5.08 cm)
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Fig.2 Neutron spectrum at the core center of FCA assemblies
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(a) 28U capture rate

Fig.3 Energy breakdown of reaction rates at the core center
of FCA assemblies
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(c) 25U fission rate

Fig.3 (Continued)
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(b) Foils of plutonium and enriched uranium

Fig.4 Foil position in the unit fuel cell at the core center
of FCA assembly XVI-1
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(b) Foils of plutonium and enriched uranium

Fig.5 Foil position in the unit fuel cell at the core center
of FCA assembly XVI-2
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Fig.6 Foil position in the unit fuel cell at the core center
of FCA assembly XVII-1
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Fig.7 Foil irradiation arrangement in the irradiation room
of KUR Heavy Water Facility
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Table A.1 Deposit sources of 243Am-239Np sources and fission chambers

| (a) **Am-""Np sources /10/

Source L.D. Mass thickness Absolute disintegration
( g/cmz) rate of 239Np (dps)
No.1 1.54 1.442x10* +0.3%
No.3 3.13 2.928x10° +0.3%

Diameter of sources :

12.7mm,

Backing of sources : Platinum plate(25mm dia., 0.2mm’)

(b) Fission chambers /9/

Number of
atoms of Isotopic composition Mass thicknes
principal (nuclide %) (p g/cmz)
isotopes
24y 2575 236y 23804
By 2.895x107 110 9333 019  5.38 24.7
+0.5%
238Pu 239Pu 240Pu 241Pu 241 Al'll
by 9.786x10'° 001 9677 315 004 0.03 8.2

£0.5%

Diameter of sources : 25 mm
Backing of sources : platinum plate(36mm dia., 0.2mm’)

Table A.2 Breakdown of errors of effective counting efficiencies

(a) Effective counting efficiency for 2y capture rate measurements

Component Error
Intensity of 3 Am-"’Np source 0.3%
Counting statistics of a *3Am- *Np source 0.1%
Total* 0.4%

* Root of sum of the squared individual components
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Table A.2 (Continued)

(b) Effective counting efficiencies for fission rate measurements at FCA

Error
Component 2 - -
U fission rate ~ Pu fission rate
Deposit mass of
a fission chamber 0.5% 0.5%
Counting statistics of
a fission chamber ~0.3% ~0.4%
Corrections of fission '
chamber count rate * C ~042% 0.5% ~ 2.0%
Counting statistics |
of a fission foil ~0.35% 0.6% ~1.2%
Weight of a fission foil ~ --e-- B
Total** ~0.78% 1.0% ~ 2.3%

*  Corrections for the self attenuation of fission products in the deposit
and fission counts below the bias level
**  Root of sum of the squared individual components

(c) Effective counting efficiency for Y fission rate measurement
at KUR thermal neutron standard field

Component Error
Deposit mass of a 25U fission chamber 0.5%
Counting statistics of a 5 fission chamber 0.15%
Corrections of fission chamber count rate * 0.42%
Counting statistics of an enriched U foil 0.27%
Weight of an enriched U foil 0.2%
Total** 0.75%

* (orrections for the self attenuation of fission products in the deposit
and fission counts below the bias level
**  Root of sum of the squared individual components
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Fig. A.1 Fission chamber and a fission foil in the central fuel drawer
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Table A.3 Corrections of cell averaging on reaction rates

Reaction rate *

Assembly  Reaction Cell factor

As built** Cell averaged***

XVI-1 PUcapture 1.030+0.51% 3.779 -16:0.9%**** 3,892 .16+1.1%
2Py fission  wmeees 3.455-15+3.0%  3.455-15+3.0%

50 fission 1.009+13%  3.198-15+09%  3.226-15+1.6%

XVI-2 Ucapture 1.005+0.48%  5.980-161+0.9% 6.010 .16+ 1.1%
Py fission = =e-e- 4.946 -15+2.1%  4.946 -15+2.1%

U ftission  0.997+0.44%  4.937-15+09%  4.922-15+1.1%

XVil-1 2%y capture
#*pu fission

235 .
U fission

1.023+0.37%
0.99110.26%
1.001+0.54%

8.627 -16+1.3%
6.114 -15*+1.6%
6.672 -15+0.9%

8.825-16*+1.3%
6.059 -15+1.6%
6.679-15+1.1%

* Reaction rate per atom at 90 W operation of FCA
(60W operation in case of assembly XVI-1)
** Reaction rate at the foil position shown in Fig.4 ~6
*%%  As built value of reaction rate multiplied by cell factor
#*%* Read as 3.779X10"°+£0.9%
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i Fig.A.4 Arrangement of depleted uranium foils for B3 capture rate distribution
measurement in the unit fuel cell at FCA assembly XVI-1
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Fig.A.5 Arrangement of depleted uranium foils for 28 capture rate distribution
measurement in the unit fuel cell at FCA assembly XVI-2
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Fig.A.6 Arrangement of depleted uranium foils for 83U capture rate distribution
measurement in the unit fuel cell at FCA assembly XVII-1
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Fig.A.7 B8 capture rate distributions in the unit fuel cells at FCA assemblies

Pu:Plutonium plate, EU:Enriched U plate, NU:Natural U plate, DUO, :Depleted U oxide plate,
Na:Sodium plate, Zr:Zirconium plate, Al5 03 :Aluminium oxide plate
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Fig.A.8 Arrangement of enriched uranium foils for 23U fission rate distribution
measurement in the unit fuel cell at FCA assembly XVI-1
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Fig.A.9 Arrangement of enriched uranium foils for By fission rate distribution
measurement in the unit fuel cell at FCA assembly XVI-2
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Fig.A.10 Arrangement of enriched uranium foils for 25U fission rate distribution
measurement in the unit fuel cell at FCA assembly XVII-1
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Fig.A.11 25U fission rate distributions in the unit fuel cells at FCA assemblies

Pu:Plutenium plate, EU:Enriched U plate, NU:Natural U plate, DUO, :Depleted U oxide plate,
Na:Sodium plate, Zr:Zirconium plate, Al,O 5:Aluminium oxide plate
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Appendix 3 FEHEZLAET 40 BT B EHEFUGR

BT O R RAOEE 2 484 10, CPUBERGE & UG BR O RIEME( C8 R U FS)
iU TofXTRINS,

iws T

C8 =gy, -0238¢: % %n - 8238¢ (A7)
I;

F5=¢y,-0235f - [ - %n '8235f (A8)

T,
oo b TR
0238¢ 28U R RS ©2200m/s KTETFE (2.680 +0.019 barn)/11/
0235 f U MR 2200m/s BT (582.6 + 1.1 ban)/11/
1, ;P TRE 333.15 K (60 °C)/4/
T :273.15K
£238¢ T 817 B MU MRS D Westcott D g- B F- (1.0024)/12/
8235 f T, B 5, U BSEOWestcottDg-H T- (0.9665)/12/

OpEBTORTREND,

Orh = Dyold : 1 (A9)
Ngold ' fs gold '(1 + egold) G197¢ \/% i T%n - 8197¢
T,

Dgold RO H e

Ngold &m0 A REFH

fsgold TR0 A RIEEO B CERRERY

egold T ARSI T B ETEO Ty VRRNTBE

0197¢ 197 Aw FEHE IS 02 2200m/s BT (98.65 +0.09 barn)/12/

£197¢ Ty e85, T Au BB RIE O Westcottg- B F- (1.0075)/12/

CSRUFSHE#MEIT, FRPNANDRNEADNIZANRERATAZEILINHELNLLUTD
FTRD,

Dgold | 0238c g238¢

C8 =
Ngold - s goid {1+ €gola) ©197c 8197c

(A10)
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Dgold 0235f 8235f
Ngold - fs gold '(1+€gold) 0197¢ &197c

F5= (A.11)

B £0.02mm0&HERFUTRE=Y —L LTHWI. Dgopgiddn gy FIRFRIBEL TR,
s gold HERRDIE & DR % E7HO.005mm ~0.08mm) & FAF L. £S5 OHHBETREOWE & 1 K
DHIFER, 0980L01%TH 2720 €gol TR LA Z & 2MEE L1

C8/FSHIGELOERMEL, Q10N A IRk &0, BLToXNTRD,

c238¢ - 8238¢

(A.12)
0235f 8235f

C8/F5 =

C8. FSEUCS/F5DHEMEMBIZARLT DTable 612781, HHEMEDRRZER S 13 Table A4IZR T,

Table A.4 Breakdown of errors of reference reaction rates
at KUR thermal néutron standard field

B §) capture rate U fission rate
Component Error Component Error
2200m/s cross section 2200m/s cross section
U capture 0.71% U fission 0.19%
7 Au capture* 0.09% 7 Au capture* 0.09%
g-factor g-factor
Py capture = =eeee- 20 fission 00000 e
Y Au capture = ------ Y Au capture = ----e-
Weight of a gold foil* 0.1% Weight of a gold foil* 0.1%
Counting statistics of Counting statistics of
a gold foil* 0.3% a gold foil* 0.3%
Neutron self shielding Neutron self shielding
in a gold foil * 0.1% in a gold foil* 0.1%
Total 0.79 % Total 0.39%

* Quantities for determination of the thermal neutron flux



