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Validation of MA Nuclear Data by Sample Irradiation Experiments
with the Fast Reactor “JOYO” (2)
Preliminary analyses of the 243Am samples (No. 77, 78)
and the 244Cm sample (No. 86)

OHKI Shigeo
Abstract

To develop a burnup calculation method and to validate minor actinide (MA) nuclear data for
a fast-reactor cycle system, we have launched the isotopic composition analysis of MA samples
(237Np, 241Am, 243Am, 244Cm) irradiated at the experimental fast reactor “JOYO.” Preliminary
analysis results of the 243Am samples (No. 77, 78) and the 244Cm sample (No. 86) were presented

in this report. The main conclusions are the followings:

The analysis results on the isotopic abundance ratio 242mAm/241Am showed that the isomeric
ratio for 241Am capture reaction lies at around 0.85 (g/(g+m)) in the fast-neutron spectrum,
which suggested the necessity of re-evaluation of the data both in ENDF/B-VI and in
JENDL-3.3.

From the analysis results on the isotopic abundance ratios of 245Cm/244Cm and 246Cm/245Cm,
overestimations could be pointed out for the capture cross section of 244Cm in ENDF/B-VI and
that of 245Cm in JENDL-3.3.

The results we have obtained are never enough in terms of the quantity of the data. We
carry on the analyses for the remaining samples, and increase the number of results. Detailed
calculation as well as the error estimation for both experiment and calculation, will be performed

for practical utilization of the analysis results.

Reactor Physics Group, System Engineering Technology Division, OEC, JNC
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Table 1  PIE result of the 243Am sample (No. 77)

Item Value
Irradiation Position 3B2
Axial Position from Core Midplane [mm] +350
Irradiation History BOC EOC EFPD
29th-cycle 1994/8/27 1994/9/20 24.34
30th-cycle 1997/3/21 1997/5/19 59.73
31st-cycle 1997/7/19 1997/9/12 54.92
32nd-cycle 1997/12/17 1998/2/24 68.96
33rd-cycle 1999/6/24 1999/8/31 67.81

Isotopic Composition of Unirradiated Sample

Americium (2004) [at%] Standard deviation
241Am 12.188 0.02%
242mAm 0.013 0.8%
243Am 87.799 0.003%

Isotopic Composition After Irradiation

Americium (2003/7) [at%]

241Am 12.280 0.1%
242mAm 0.143 2.0%
243Am 87.577 0.02%
Curium (2003/8)  [at%]
243Cm 0.160 N/A
244Cm 99.836 N/A
245Cm 0.004 N/A
246Cm 0.0003 N/A
247Cm 0 N/A
244Cm / 241Am via alpha spectroscopy (2003/10)
0.530 3%
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Table 2  PIE result of the 243Am sample (No. 78)

Item Value

Irradiation Position 3B2

Axial Position from Core Midplane [mm] 0

Irradiation History BOC EOC EFPD
29th-cycle 1994/8/27 1994/9/20 24.34
30th-cycle 1997/3/21 1997/5/19 59.73
31st-cycle 1997/7/19 1997/9/12 54.92
32nd-cycle 1997/12/17 1998/2/24 68.96
33rd-cycle 1999/6/24 1999/8/31 67.81

Isotopic Composition of Unirradiated Sample

Americium (2004) [at%]

241Am 12.188
242mAm 0.013
243Am 87.799

Isotopic Composition After Irradiation

Americium (2003/12) [at%]

241Am 11.965
242mAm 0.192
243Am 87.843
Curium (2003/12) [at%]
243Cm 0.109
244Cm 97.814
245Cm 2.058
246Cm 0.018
247Cm 0.0003
244Cm / 241Am via alpha spectroscopy (2003/12)
0.703

Standard deviation

0.02%
0.8%
0.003%

0.02%
0.1%
0.003%

7%
0.01%
0.02%

2.7%
96%

8%
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Table 3  PIE result of the 244Cm sample (No. 86)

Item Value

Irradiation Position 3B2

Axial Position from Core Midplane [mm] 0

Irradiation History BOC EOC EFPD
29th-cycle 1994/8/27 1994/9/20 24.34
30th-cycle 1997/3/21 1997/5/19 59.73
31st-cycle 1997/7/19 1997/9/12 54.92
32nd-cycle 1997/12/17 1998/2/24 68.96
33rd-cycle 1999/6/24 1999/8/31 67.81

Isotopic Composition Before Irradiation*®

Americium and Curium (1994) [at%] Standard deviation
241Am 1.00 1.2%
243Am 0.925 1.7%
243Cm 0.131 0.6%
244Cm 92.0 1.1%
245Cm 2.41 1.0%
246Cm 3.46 N/A
247Cm 0.044 N/A

Isotopic Composition After Irradiation

Americium (2003/12) [at%]

241Am 57.872 0.02%
242mAm 0.766 0.2%
243Am 41.362 0.02%
Curium (2003/12) [at%]
243Cm 0.137 0.6%
244Cm 87.765 0.1%
245Cm 6.760 0.1%
246Cm 5.169 2.3%
247Cm 0.149 5.6%

244Cm / 241Am via alpha spectroscopy (2003/12)
39.730 N/A

* Based on the gamma spectroscopy (for 241.243Am, 243245Cm) and the nominal data by the
sample supplier (for 246.247Cm).
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Table 4 Burnup sensitivity coefficients” for the nuclide abundance ratios

(a) 242m A /241 Am

24$3Am sample 24$3Am sample
(No. 77) (No. 78)
Neutron Fluence 0.9 0.8
241Am Capture Cross Section 1.0 1.0
241Am Isomeric Ratio (g/(g+m)) -5.3 -5.3
241Am Fission Cross Section 0.005 0.01
2¢2mAm Capture Cross Section -0.01 -0.02
2¢2mAm Fission Cross Section -0.07 -0.11
243Am (n, 2n) Cross Section 0.001 0.004
241Am Initial Composition -0.06 -0.06
2¢2mAm Initial Composition 0.07 0.05
(b) 244Cm/243Am
243Am sample 23Am sample
(No. 77) (No. 78)
Neutron Fluence 1.0 1.0
242mAm Capture Cross Section 0.000 0.000
243Am Capture Cross Section 1.1 1.1
243Am Fission Cross Section 0.003 0.01
244Cm Capture Cross Section -0.03 -0.02
244Cm Fission Cross Section -0.006 -0.02

* Sensitivity coefficients for the nuclide abundance ratio R are defined as

where a variable x represents the core physics parameters such as neutron fluence,
capture and fission cross sections, isomeric ratio, and initial nuclide composition. The
tabulated sensitivity coefficients were calculated by the ORIGENZ2 code with one-by-one
substitution of x. Cross sections used here were based on JENDL-3.2. The reference
241Am isomeric ratio (g/(g+m)) was set to 0.85.

-14 -
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Table 4 (continued)

(c) 245Cm/244Cm

243Am sample 244Cm sample

(No. 78) (No. 86)

Neutron Fluence 1.0 0.5
243Am Capture Cross Section 0.02

243Am Fission Cross Section 0.005

244Cm Capture Cross Section 1.0 0.6
244Cm Fission Cross Section 0.007 0.03
245Cm Capture Cross Section -0.007 -0.02
245Cm Fission Cross Section -0.06 -0.13
244Cm Initial Composition -0.4
245Cm Initial Composition 0.4

(d) 246Cm/245Cm

23Am sample 244Cm sample

Neutron Fluence

243Am Capture Cross Section
243Am Fission Cross Section
244Cm Capture Cross Section
244Cm Fission Cross Section
245Cm Capture Cross Section
245Cm Fission Cross Section
246Cm Capture Cross Section
246Cm Fission Cross Section
244Cm Initial Composition
245Cm Initial Composition

246Cm Initial Composition

(No. 78) (No. 86)
1.0 -0.4
0.008
0.002
0.005 -04
0.005 0.01
1.0 0.04
0.02 0.13
-0.005 -0.02
-0.007 -0.03
-0.6
-04
1.0

-15-
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Table 5 Deduced neutron flux at the MA sample irradiation positions
(Unit: 105 n/cm? s)

B9 Assembly B9 Assembly
Time Point
Core Midplane 350 mm Upper
29th-cycle BOC 3.45 1.38
29 th-cycle EOC 3.47 1.45
30th-cycle BOC 3.37 1.31
30th-cycle EOC 3.41 1.48
31st-cycle BOC 3.32 1.28
31st-cycle EOC 3.38 1.41
32nd-cycle BOC 3.34 1.22
32nd-cycle EOC 3.44 1.31
33rd-cycle BOC 3.39 1.25
33rd-cycle EOC 3.46 1.35

-16 -
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Table 6  One-group infinitely diluted cross sections of MA nuclides

(a) B9 assembly: Core midplane (Unit: barn)

Evaluated Nuclear Data Library
JENDL-3.2 JENDL-3.3 ENDF/B-VI.5 JEF-2.2

Nuclide and Reaction

241Am Capture 1.336 1.440 1.289 1.548
241Am Fission 0.3675 0.3686 0.3673 0.3586
242mAm Capture 0.4394 0.3871 0.2731 0.4077
242mAm Fission 2.741 2.739 3.418 2.775
243Am Capture 1.175 1.237 1.147 1.308
243Am Fission 0.2711 0.2729 0.2719 0.2830
244Cm Capture 0.5323 0.5522 0.6532 0.4446
244Cm Fission 0.5422 0.5426 0.5470 0.5537
245Cm Capture 0.2820 0.4191 0.2402 0.2487
245Cm Fission 2.346 2.406 2.079 2.387
246Cm Capture 0.2522 0.3992 0.1769 0.1769
246Cm Fission 0.3583 0.3923 0.3662 0.3662
(b) B9 assembly: 350 mm upper position (Unit: barn)

Evaluated Nuclear Data Library
JENDL-3.2 JENDL-3.3 ENDF/B-VI.5 JEF-2.2

Nuclide and Reaction

241Am Capture 3.071 3.131 2.955 3.175
241Am Fission 0.2257 0.2278 0.2272 0.2227
242mAm Capture 0.8362 0.7496 0.8573 0.7070
242mAm Fission 4.544 4.546 6.656 4.700
243Am Capture 3.161 3.158 3.136 3.319
243Am Fission 0.1598 0.1622 0.1627 0.1634
244Cm Capture 1.980 1.992 2.027 1.821
244Cm Fission 0.3857 0.3860 0.3902 0.4008

-17 -
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Table 7  Sensitivity of calculation modeling

(a) B9 assembly: Core midplane

Effect on Spectrum

Effect on (1-group cross section)
Item
Flux Level 241Am 241Am 243Am
Capture Fission Capture
Transport effect ~-1% 0.1% -3% 0.2%
Heterogeneity of B9 assembly 0.2% 3% -3% 2%
Self-shielding effect of MA 0% 0%

(b) B9 assembly: 350 mm upper position

Effect on Spectrum

Effect on (1-group cross section)
Item
Flux Level 241Am 241Am 243Am
Capture Fission Capture
Transport effect -5% -0.5% -T% -1%
Heterogeneity of B9 assembly <0.2% <1% N/A < 2%
Self-shielding effect of MA ~ 0% ~-0.1%

Reaction Rate Ratio
Preservation (RRRP) method for 25% 6% -3% 6%
control rod homogenization

Ambiguity in control rod

modeling (Model 1 to Model 2)* 0% "3% 0% 4%

* Model 1: Control rod surrounded by fuel (cf. Fig.6 (a)).
Model 2:  Control rod surrounded by reflector and fuel (cf. Fig.6 (b)).

-18 -
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Reflector MA-loaded position
(5B1) P
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Reflector

(582)

Reflector B9 irradiation test
(5B3) assembly

(a) Core Midplane

B9 irradiation
test assembly

MA-loaded
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(b) 350 mm Upper Position
Used code: MVP

Fig. 4 Calculation models to investigate the

heterogeneity of the B9 irradiation test assembly
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BS irradiation
test assembly

MA samples

Used code: CASUP
(a) Core Midplane (b) 350 mm Upper Position

Fig. 5 Calculation models to investigate the
self-shielding effect of MA samples

Control Rod

B,C absorber

Used code: CASUP
(a) Model 1 (b) Model 2

Fig. 6 Control rod modeling for the RRRP calculation

-21-



JNC TN9400 2004-069

242m A /241Am 244Cm/243Am

24SCm/244Cm

24GCm/24SCm

JENDL-3.2, JENDL-3.3, ENDF/B-VL.5, JEF-2.2

C/E
(1) 242m A m /241 Am
242mAm/241Am 241Am
|, (=g/(g+m))
0.80 PHENIX
PROFIL D’Angelo et al. 0.85 [12] 0.88
Table 8
JENDL-3.2 1,=0.80 C/E 1.30
1,=0.85 C/E 0.99 |,=0.88 C/E
0.81 1,=0.85
C/E + 15%
242m A my/241Am
0.80 0.85
D’Angelo et al. Table 12 (a)
PFR PIE (13]
350 mm 0.85
C/E 1
241Am
ENDF/B-VI JENDL-3.3 Fig. 7
MA 241Am
B9: 350 mm Upper B9: Core Midplane
ENDF/B-VI 0.80 0.79
JENDL-3.3 0.70 0.69
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MA PIE ENDF/B-VI  JENDL-3.3
0.8 0.7
Kawano et al.
ENDF 241Am
0.85 (14] PIE
|g=0.85 JEF-2.2 C/E 15%
100 keV 1 MeV 241Am Fig. 8
ENDF/B-VI.5 6% 242mAm keV
% Fig. 9
JEF-2.2 Table 12 (b) PHENIX
PROFIL (15] C/E JEF-2.2 241Am
100 keV 1 MeV
PHENIX
C/E 1
350 mm C/E JEF-2.2 JENDL-3.2 JENDL-3.3
(2) 244Cm/243Am
244Cm/243Am Table 9 10
20% 350 mm 10 20% Cm/Am
a 8%
1o 350 mm
243Am Fig. 10
%
(8) 245Cm/244Cm
243Am 78 244Cm
86 Table 10 3
245Cm/244cm 244Cm 86
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245C'm

243Am

86 C/E 1

C/E

78 244Cm

245C'm

C/E

1 keV

244Cm

(4) 246Cm/245Cm
Table 11
246 m/245Cm
Fig. 13
30%

78

C/E

50%
keV

PIE

244Cm 0.5 0.6
244Cm
243Am
86 C/E
244Cm Fig. 11
Fig. 12
C/E
243Am ENDEF/B-VI.5
244Cm
PIE Table 12 (a) PFR
244Cm
Cm
C/E
243Am 78
C/E 245Cm
JENDL-3.3 C/E
245Cm 1 keV keV
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Table 8 Preliminary C/E values on isotopic abundance ratio 242mAm / 241Am
Nuclear Data Library Experi-
MA  Irradiation JENDL-3.2 JENDL-  ENDF/ - JEF- ol
. 3.3 B-VI.5 2-2 Sk
Sample Position - Error
Iy = (10)
0.80 0.85 0.88 0.85 0.85 0.85
243Am  B9: 350 mm 0
(No. 77) Upper 1.67 1.28 1.04 1.30 1.19 1.32 2%
243Am B9: Core 0
(No. 78) Midplane 1.30 0.99 0.81 1.07 0.94 1.15 <1%

* Isomeric Ratio (ground/(ground + meta)) for 241Am capture reaction, taken as a parameter.
** Combined errors from those in the mass spectroscopy and the initial composition.

Table 9  Preliminary C/E values on isotopic abundance ratio 244Cm / 243Am
Nuclear Data Library Experi-
MA I 1ati 1
adiation ypp. JENDL-  ENDF/B- JEF- Lot
Sample Position Error
3.2 3.3 VL5 2.2
(10)
243Am  B9: 350 mm o
(No. 77) Upper 1.10 1.10 1.09 1.16 5%
243Am B9: Core o
(No. 78) Midplane 0.80 0.84 0.78 0.90 10%

* Combined errors from those in the mass spectroscopy and the alpha spectroscopy.

Table 10  Preliminary C/E values on isotopic abundance ratio 245Cm / 244Cm
Nuclear Data Library Experi-
MA Irradiati tal
Tadletol  JENDL-  JENDL-  ENDF/B-  JEF- oo
Sample Position Error
3.2 3.3 VL5 2.2 (
o)
243Am B9: Core o
(No. 78) Midplane 1.18 1.22 1.46 0.99 <1%
244Cm B9: Core 0
(No. 86) Midplane 1.10 1.11 1.28 0.98 1%

* Combined errors from those in the mass spectroscopy and the initial composition.
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Table 11  Preliminary C/E values on isotopic abundance ratio 246Cm / 245Cm

Nuclear Data Library Experi-
MA - lmadiation o py o gpNDL- ENDF/B- JER- nental
Sample Position Error
3.2 3.3 VL5 2.2
(10)
243 :
Am - B Core 0.89 1.33 0.77 0.79 3%

(No. 78)  Midplane

* Error from the mass spectroscopy.

Table 12  Comparable other PIE results

(a) Sample irradiation at Dounreay Prototype Fast Reactor!3l

Nuclear data library JENDL-3.2

241Am Isomeric ratio 0.80

C/E values on percent changes

242mAm in 241Am Sample 1.29 £ 2%
244Cm in 243Am Sample 0.95 + 2%
245Cm in 244Cm Sample 1.02 + 2%
(b) PROFIL experiment at PHENIX reactor!!5!
Nuclear data library JEF-2.2
241Am Isomeric ratiol1?] 0.85
C/E values on capture cross section
241Am 1.03 £ 1.2%
243Am 0.96 + 5.0%
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5.
MK-II
78 244Cm
243Am
246 m/245Cm
JEF-2.2

e 242mAm/241Am

0.85 g/(g+m)

o 245Cm/244Cm 246 m/245Cm

JENDL-3.3 24%Cm

Cm/Am a

MA

MA

3 243Am
86 3 350 mm
77
22mAm/241Am  24Cm/248Am  245Cm/244Cm
JENDL-3.2, JENDL-3.3, ENDF/B-VI.5,
241Am
ENDF/B-VI JENDL-3.3
0.8 0.7
ENDF/B-VI.5 244Cm
1 keV keV
244\ m/243Am
MA
MA
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Fig. A-1 MA

0.01% 19

234,235, 236, 2381 | 237, 239N, 288, 239, 240, 241, 242y 241, 242m, 243 Ay | 242, 243, 244, 245, 246C
b b b b .

239Pu 239Np 2.3565 d
240 Pu 6564 y
236U
(n, 2n) 0.3%
2387J (n, 2n) 237Np
24Cm  (n, 2n) 243Cm
1) T. Horiguchi, et al., Chart of the Nuclides 2000, Japanese Nuclear
Data Committee (2000).
2) 22Am R.B. Firestone and V.S. Shirley (editors), Table of
Isotopes, 8th edition, John Wiley & Sons, Inc. (1996).
3) 241Am A. D'Angelo, et al, Nucl. Sci. Eng., 105, 244
(1990).
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