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Experimental Comparison of Calibration Methods for

Measurement of Reaction Rate by Using Fission Foils

Takeshi SAKURAI, Tatsuo NEMOTO, Makoto OBUT
Masahumi NAKANO1+, Keiji KOBAYASHI® and Hironobu UNESAKI®

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 13, 1993)

Counting efficiencies of a y-ray spectroscopy system are necessary
for foil activation measurement of absolute 235y figsion rate, absolute
238y capture rate ahd ratio of these reactions in JAERI fast critical
assembly (FCA). Comparison of effective counting efficiencies calibrated
between by different methods were made in order to confirm the absence of
any significant systematic errors in the calibration.

Comparison of the effective counting efficiencies calibrated between
by the following methods were made for absolute 235y fission rate measure-
ment: |

- Calibration based on thermal-neutron cross sections (235U fission and
197au capture)
- Calibration by using a fission chamber.

Comparison of the effective counting efficiencies calibrated between by
the following methods were made for absolute 238y capture rate measurement:
— Calibration based on thermal-neutron cross sections (238U capture and

197au capture)

— Calibration by using a 243Am—zang source.

Comparison of the ratio of effective counting efficiencies calibrated

+ DNuclear Education Center
++ Osaka Laboratory for Radiation Chemistry
* Research Reactor Institute, Kyoto University
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between by the following methods were made for 238y capture to 235y

fission rate ratio measurement:
- Calibration based on thermal-neutron Cross sections(szU capture and

2357 fissiom)

— Calibration by using both fission chamber and 2“3Am—239Np source.

A fission chamber and 2“3Am—239Np sources which were developed in
JAERT were used for these calibration experiments. Activation foils and
the fission chamber were irradiated in the thermal neutron standard field
in heavy water facility of Kyoto University Research Reactor.

Two efficiencies for the absolute reaction rate measurement which
were obtained by different calibration methods agreed within 1.5%, while
the efficiency ratios for the reaction rate ratio measurement agreed

within 1%.

Keywords: Effective Counting Efficiency, Foll Activation Measurement,
Absolute Reaction Rate, Reaction Rate Ratio, Fission Chamber,
Thermal-neutron Cross Section, 2L+3Am-239Np source, 235y

Fission Rate, 238y gapture Rate, Thermal Neutron Standard

Field, Kyoto University Research Reactor
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Table 3.1 Specification of activation foils

Foil Diameter  Thickness Weight Isotopic composition(mass %)**
{mm) {mm) (mg)

234U 235U 236U 238U !97Au

Enriched U 12.7 0.025 ~60* 0.993 93.162 0.374 5.471
Depleted U 127 0.127 ~290* 0.04 99.96
Gold 9.75 0.02 ~32*

100

* Error of weight : U foil 0.2%, Gold foil 0.1%
** Error of isotopic composition for principal isotopes : <0.1%

Table 3.2 Specification of the enriched uranium deposit sourcex[15]
for the fission chamber

Number of Diameter Mass thickness Isctopic composition (nuclide %)
235 2
U atoms {mm) (¢ gfom”)
234U 23SU 236U 238U
2.895x10"7 £0.5% 25 247 1.10 93327 0.20 5.38

* Backing of deposit source : Platinum plate(36mm dia., 0.2mm")

Table 3.3 Specification of 2“3Am—239Np deposit souru::es""[lL*:|

Source 1.D. Mass thickness Absolute disintegration
(u g/em?) rate of **Np (xlO“dps)
No.l - 1.54 1.442 £0.25%
No.3 ' 3.13 2,928 £0.25%

* Diameter of sources : 12.7mm, Backing of sources : Platinum plate(25mm dia., ¢.2mm")
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Table 3.4 Thermal ccmst.ami:s;[22][23:|
- 2200m/s cross Westcott
section (bam) g-factor*
B fission 5826 £1.1 0.9665
U capture 2.680 +0.019 1.0024
Ay capture 9%.65 +0.09 1.0075

* Neutron temperature  333K(60C)

Table 3.5 Cumulative yie
235y fission[1

1430, 1331 Nb 1oy
Cumulative yield (%)
Thermal fission 5939 6.699 6.008 5.996
Fast fission 5.689 6.724 5.99i 5.984
Relative difference (%)
4.2 04 0.3 0.2

Table 3.6 Half lives and decay correction factors

%% of fission products from

5 fission B capture
143 Ce 1331 QTNb(QTZr) 9‘1'Zr 39 Np
[293keV] [530keV] [638keV] [743keV] [278keV]

Half life (hr)

- Literature value (8l

- Present experiment
Calibration based on
thermal cross sections

33.00 £0.61%

33.60 £0.39%

20.90 =048%

21.56 £0.28%

16.90* £0.30%

16.93 +0.30%

16.90 £0.30%

17.00 +0.18%

56.30 £0.17%

56.47 £0.43%

(1.8)** 3.2) 0.2) {0.6) 0.3)
Calibration by using
the fission chamber 3335 £0.20% 21.24 £1.22%  17.01 £0.26% 1685 £0.53%
(1.0 (1.6) 0.7 -0.3)
Decay correction factors(s  y***
1.732x10° 1.295x10° 9.888x10' 9.888x10" 1.745x10°

* Half life of V' Zr

#* Values in parentheses : Relative difference from literature value (%)

+%% [rradiation time 10800sec(3hr), Waiting time 211000sec,

Measurement time 10000sec
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Table 3.7
uranium foils

Correction factors for y-ray self attenuation in metallic

Enriched U foil

Depleted U foil

293keV 5301;3\’ 658keV 743keV 278keV
[13Ce] (133 P"No("'Z)) 771] P Np|
Mass attenuation
coefficient (cm¥/g) 0.525 0.166 0.129 0.105 0.600
y -ray self attenuation *
correction factor 0.988 0.996 0.997 0.998 0.934

* Mags thickness ; Enriched U foil 0.046 (gjcmz), Depleted U foil 0.229 (g/cmz)

Table 3.8 Corrections for foil edge effect

Foil Diameter(mm) Thickness(mm) Correction{%)
Enriched U 127 0.025 0.14
Depleted U 12.7 0.127 0.64
Gold 9.75 0.02 0.14

Table 3.9 Correction factors for neutron
self shielding in foils

Foil Correction factor
Enriched U 0.909 +0.64%*
Depleted U 0.997 £0.15%**
Gold 0.980 1 1.4%**

* Experimem

** Calculation
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Fig. 3.2 Gamma-ray spectrum of an irradiated enriched uranium foil
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Table 4.1
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Comparison of effective counting efficiencies between based
on thermal cross sections and by using the fission chamber
for absolute 23°U fission rate

143, 133 97Nb(972r) 7,
[293keV] [530keV] [658keV] [743keV]
Effective efficiencies
(x1G° counts/decay)
Calibration based on thermal cross sections 695 = 1.6% 712x1.6% 6.56+1.7% 5091+ 1.6%
Calibration by using the fission chamber 6.99£0.74% 722+£1.5% 6.58 +£0.92% 5.12£1.3%
Relative difference (%)
0.1 14 0.3 0.6

Table 4.2

Comparison of effective counting efficiencies
at 239Np[278keV] between based on thermal
cross sections and by using the 2543 Am-239Np
source for absolute 238y capture rate

Effective efficiency
(xlO’3 counts/decay)

Calibration based on thermal cross sections 1.014+1.9%

Calibration by using the 242'Am-mNp source  L.O{9E£0.4%

Relative difference (%)

0.5

Table 4.3

Comparison of effective counting efficiency ratios between
based on thermal cross sections any by using both fission

chamber and 243Am-239Np source for reaction rate ratio of

2387 capture to 235y fission

143 133y Nb(*Z0) ¥
[293keV]* [530keVi* [658keV]* [743keV]*

Effective efficiency ratio

Calibration based on thermal cross sections 0.14501.4% 0.1423%1.4% 0.1546£1.5% 0.1993+1.3%

Calibration by using both fission
chamber and *Am-*Np source 0.1457 +0.84% 0.1411%15% 0.1550%1.0% 0.1992+1.3%

Relative difference (%)

0.5 -0.9 0.3 -0.1

* v -ray peak for ¥ U(n, ¥ ) capture : 239Np [278keV]
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Table 4.4 Break down of errors (1l ¢ %) of the effective counting
efficiencies for absolute 23°U fission rate

Calibration based on

Calibration by using

Component* thermal cross sections the fission chamber

- 7y -ray counts of the enriched U foil 0.40~0.78 0.25~1.3
- Weight of the enriched U foil 0.20 0.20
- Absolute saturation activity

of the gold foil 0.30
- Weight of the gold foil 0.10
- Correction factor for the neutron self

shielding in the gold foil 1.40
- 2200m/s cross section of >~ U fission 0.19
- 2200m/s cross section of *’ Au capture 0.09
- Counts of the fission chamber 0.15
- Atom number of “°U in the deposit

of fission chamber 0.30
- Correction factor due to F.P,

self attenuation 0.35
- etz. correction factor 0.22
- Total error®* 1.5~17 0.7~1.5

* Errors of following quantities are not propagated for the present efficiencies

Decay correction factor for the y -ray counts of the enriched U foil
Correction factor for the neutron self shielding in the enriched U foil
Correction factor for the y--ray self attenuation in the enriched U foil

Correction factor for the edge effect of the enriched U foil
Correction factor for the edge effect of the gold foil
Cumulative yield of the fission products

Westcott g-factor of 2% fission

Westcott g-factor of Y au capture

*% Total error is the root of the sum of squared individual compenents
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Table 4.5 Break down of errors (1 o %) of the effective counting
efficiencies for absolute 2387 capture rate

Calibration based on Calibration by using
Component* thermal cross sections the 243iﬂsm-239Np source

- y -ray counts of the depileted U foil 0.39
- Weight of the depleted U foil 0.20
- Decay correction factor for the

y -ray counts of the depleted U foil 0.43
- Correction factor for the neutron self

shielding in the depleted U foil 0.15
- Correction factor for the y -ray self

attenuation in the depleted U foil 0.66
- Absolute saturation activity

of the gold foil 0.30
- Weight of the gold foil 0.10
- Correction factor for the neutron

self shielding in the gold foil i4
- 2200m/s cross section of 2381J capture 0.71
- 2200m/s cross section of 97 Au capture 0.09
- Absolute disintegration rate of

the 2** Am-"*’Np source 0.26
- y -ray counts of the 5 Am-"° Np source 0.30
- Total error** 1.9 0.40

* Frrors of following quantities are not propagated for the present efficiencies
Correction factor for the edge effect of the depleted U foil
Correction factor for the edge effect of the gold foil

Westcott g-factor of 238 capture
Westcott g-factor of %7 Au capture

s« Total error is the root of the sum of squared individual components
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Table 4.6 Break down of errors (1 ¢ %) of the effective counting
efficiency ratios for reaction rate ratio of 238y
capture to 235U fission

Calibration based on Calibration by using both fission

Component™* thermal cross sections  chamber and ** Am-"*Np source

- y -ray counts of the enriched U foil 0.40~0.78 0.25~13
- Weight of the enriched U foil 0.20 0.20
- 2200m/s cross section of 53U fission 0.19
-  -ray counts of the depleted U foil 0.39
- Weight of the depleted U foil 0.20
- Decay correction factor for

the y -ray counts of the depleted U foil 0.43
- Correction factor for the neutron self .

shielding in the depleted U foil 0.15
- Correction factor for the y -ray self

attenuation in the depleted U foil 0.66
- 2200m/s cross section of U capture 0.71
- Counts of the fission chamber 0.15
- Atom number of 2°U in the deposit of

fission chamber 0.50
- Correction factor due to F.P. self

attenuation 0.35
- etz. correction factor 0.22

- Absolute disintegration rate of

the **Am-**Np source 0.26
- y -ray counts of the 243'Am-zz’(‘JNp source 0.30
- Total error®¥ 13~1.5 0.8~13

* Errors of following quantities are not propagated for the present efficiency ratios

Decay correction factor for the y -ray counts of the enriched U foil
Correction factor for the neutron self shielding in the enriched U foil
Correction factor for y -ray self attenuation in the enriched U foil
Correction factor for the edge effect of the enriched U foil
Cumulative yield of the fission products

Correction factor for the edge effect of the depleted U foil
Correction factor for the edge effect of the gold foil

Westcott g-factor of 257 fission

Westcott g-factor of *u capture

** Total error is the root of the sum of squared individual components
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Table A.4.1 Correction factor for meutron self shielding
in the enriched uranium foil irradiated in
the thermal irradiation field

Experiment
Wee  [293keV] 0.908 +0.44%*
1331 [530keV] 0.909 +2.5%*
S"Nb(*7Zr) [658Kke V) 0.912 +0.71%*
T7r [743keV] 0.908 +1.4%*
Average 0.909 £ 0.53%**
Calculation 0.914
Calculation 1.006
Experiment(average)

* Errors(l o ) propagated

y -Tay counts

** Errors(l o ) propagated

Scattering between four values (0.3%)

Foil weight (Thermal irrad. 0.2%, Fastirrad. 0.2%)

Fission chamber counts (Thermal irrad. 0.1%, Fast irrad. 0.14%)
Flux level monitor counts (Fast irrad. 0.27%)
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Fig. A.4.1 Loading space for fission chamber in the central drawer
of FCA assembly
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Fig. A.4.2 Configulation of fission chamber and fuel plates in the
central drawer of FCA assembly
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Fig. A.4.3 Neutron spectrum and effective absorption cross
section of 235U at the core center of FCA asgsembly

simulating oxide fueled fast breeder reactor
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