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This paper presents a discussion about the target accuracy of MA nudear data for fast reector
cyde sysem development, as well as the vaidation work on those nuclear data by PIE andyses. The
PIE analyses are in progress on fuels and MA samples (%'Np, ?*Am, 2*Am, ?*Cm) irradiated a the
experimentd fast reector “JOY O”. The andydsresult on the first examined MA sample suggested the
necessity of re-evauation of the isomeric ratio for “Am capture reaction both in ENDF/B-VI and in
JENDL-3.3. The above result contributes to the uncertai nty-reduction both of burnup reectivity lossand
of gammaenergy release from fud assemblies.

1. Introduction

Japan Nudlear Cycle Development Indtitute is developing a commercidized fagt reactor cyce
sysem that involves the recycling of minor actinide (MA) nudides. To develop a burnup caculation
method and to vdidate MA nudear data, we have launched isotopic compostion andyses of post
irradiation examination (PIE) results. The irradiations were performed at the experimenta fast reactor
“JOYO'".

MA recyding in fast reactors brings about the reduction of burnup reectivity loss, the increase
of sodium void reactivity, and the increase of decay heat and neutron emisson from fue assemblies.
Before getting into the PIE andlyses, nudear-data-induced uncertainties for above-mentioned quantities
were evaluated tentatively as described in Section 2. We discussed the relation between target accuracy
of those quantities and that of MA nuclear data. Then, theinfluentid MA nuclear data having a priority
in validation work were sdlected.

PIE andysesarein progresson (1) JOY O MK-I corefud, (2) JOY O MK-II driver fud, and (3)
MA samples (*'Np, *Am, **Am, ?“Cm) irradiated at JOYO MK-II core. The former two analyses
are dedicated to the devel opment of a burnup caculation method, aswell asto the validation of capture
cross-sections for major heavy meta nudlides (U, 2°Pu, PP, etc.). The third one is expected to be
goplied directly to the vaidation of MA nuclear data The present datus of those PIE andyses is
reported in Section 3.



2. Target accuracy of MA nuclear data

In this section, we try to estimate how much the uncertainty of MA nuclear data influences on
reactor core parameters and fue-cyderdated quantities. The contributions from MA nuclear data
uncertainty were compared with the target accuracy assumed for each quantity. Then we discussed the
necessty of MA nucler daa improvement and its target accuracy. A demondration-type
sodium-cooled FBR core concept[ 1] was employed as a reference. The reactor thermd power is 1600
MW, The operation cyde length is 375 EFPD. Fud exchange is performed by 3 dispersed baiches.
The average fue burnup is 85700 MWdit. Fue type is mixed oxide, and the plutonium enrichment is
about 19 weight % of heavy metd. MA extracted from LWR spent fud (denoted as LWR-MA
heregfter) was assumed to be mixed to the active core fud homogeneoudy. The MA contents were
FINpPLAMPRBAMACm = 49/30/116/5 (weight %), and its amount in heavy metal was set to 2.7
weight %.

Nucdlear-datarinduced uncertainty was evauated by the following formula

Sandard deviation=+VGMG .

The G and M dand for avector of cross-section sengtivity coefficients and a cross-section covariance
matrix, repectively. They are expanded in the space of nuclide reaction, and energy group number.
Senstivity coefficients were caculated by using the SAGEP cod€ 2]. For covariance matrix, the JENDL-3.2
covariance filg[3] was used for mgjor nuclides. Since covariance for MA nuclides was not available, variance
of MA nuclear data was tentatively deduced from discrepancies among the following mgor nuclear data
libraries ENDL-3.3[4], ENDF/B-VI rdease 5[5], and JEF-2.2[6]. Note that there is no confidence thet the
discrepancy among those librariesis equivaent to actud uncertainty.

Firg, fud-cyde-rdated quantities Such as decay heat, neutron emission, and gamma energy release

from afud assembly loaded in the centrd
core region are discussed. We redtricted
our invedigaion to cross section

Table 1 Nuclide and reaction-wise contribution to the uncertainty
for fuel-cycle-related quantities (1o, %)
(600MWe-FBR, LWR-MA 2.7% added, 4-year-cooled)
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* Contributions of MA were deduced fromthe discrepancy of nuclear datalibraries.
** Contributions less than 1.0% are not indicated.



isomeric ratio of *Am capture reaction and *Cm capture reection gave rdlaively large contributions,
around 5% or more. If we assume the target accuracy is 5-10%, then the cross-sections of above
contributed reactions turn out to have
necessity of improvement.

Asimportant reactor core parameters

Table 2 Nuclide and reaction-wise contribution to the uncertainty
for reactor core parameters (1o, %)
(600MWe-FBR, LWR-MA 2.7% added)
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discrepancies of MA nucdlear data hed
relaivdy smdl impacts on fast reactor
cycdesysemsaslong asMA abundancein
fue is less than a few percent of heavy metd. However, since there is no confidence that the
discrepancy among libraries is equivaent to the actud uncertainty, necessity for measurement and
vdidation works gill exigs. Preparation of covariance files for MA nuclear datais dso required for a
practical uncertainty evauation in thefuture,

* Contributions of MA were deduced fromthe discrepancy of nuclear data libraries.
** Contributions less than 0.05% (1.0%) are not indicated for ket (for sodiumvoid
reactivity and burnup reactivity loss).

3. Progress in PIE analyses



(1) XOYO MK-I corefud

So far, most of the andyses for JOYO MK-I core fud have been completed. The U
enrichment (**U/U) of the fuel was about 23 weight %, and the plutonium enrichment (Pu/(U+PU))
was about 18 weight %. We andyzed about 70 specimens up to 5% of burnup. The neutron flux history
was cdculated by 3-dimmensond whole core diffuson cdculation taking into account the fud
exchange pattern through 11 operation cycles. The effective cross-sections were prepared from the fast
reector group condant set JFS-3-J3.2R based on JENDL-3.2[7]. Nudlide depletion cdculaion aming
a each PIE specimen was peaformed by the ORIGEN2 code with the neutron flux history and
spectrum obtained by the preceding whole core calculation. The C/E vaues for main nudides (U,
py, #'Pu) didn’t show any significant inconsistency. However, large dispersions were observed in
C/E values for minority isotopes such as 2*Pu, %%Pu, and ***Pu. Those dispersions possibly came from
measurement. Such a discrepancy was reduced in the latest MK-II driver fud PIE data, for which
refined experimental technique had been gpplied. We cary on finding out the cause of larger
discrepancy of the MK -I C/E vaues, while proceed to the MK-I1 driver fud andyses.

(2) MA sampleirradiiation ' :’:’, M gl e ot
We have just darted the PIE 44 $ row, 251 ofpd (30733 gcde)
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The irradiation was performed for ”:35:;:533’ core (52 cycle) and MA sample

) ) irradiation positions
200-250 EFPD during the period of

1994 to 1999. PIE of the first sample (one of the **Am samples) was finished in October, 2003. The
preliminary andlysis result on the “*Am sample is presented in the rest of this paper. The sasmple was
loaded in the 3° row, and the axia position was +350 mm upper from the core midplane (core height
was 55 cm). That is, the sample was |oaded in upper reflector region, and it was adjacent to control rod
absorber. We suspected that the cal culation modeling error could belarge.

The **Am sample wasinitially composed of 12.2% of *Am and 87.8% of “*Am. We focused
on the generation of **"Am from *Am, as well as that of **Cm from **Am. Main purpose of the
former transmutation process was to vaidate the isomeric ratio (IR) of “Am capture reaction. There
exig only two IR evaduations with following large discrepancy: about 0.8 (ground/(ground + meta))
given from ENDF/B-VI under fast reactor spectrum, while about 0.7 from JENDL-3.3. This
discrepancy influenced strongly on the generation amount of 22"Am.

Preliminary cdculation method is illugrated in Fig. 2. Burnup cdculaion of MA sample was
carried out by the use of the ORIGENZ2 code. The power higtory during MA irradiation was referred to
the data from JOY O core management code system([8]. The absolute flux level and neutron spectrum
were obtained by 70-group 3-dimmensiond whole core atic ca culation, where the transport and mesh
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The reault of the prdiminary cdculation was summarized in Table 3. Assuming IR = 0.8 and
usng JENDL-3.2, we obtaned the prdiminary C/E vadue of 1.30 for the abundance ratio of
Z2"Am*Am. In the case of IR = 0.85, the C/E value reduced to 1.00. To use other nudear daia
libraries (IR was st to 0.85) changed the C/E vaue no more than 6%. The experimentd error was
about 2% via mass spectroscopy, which was smdl enough. The above results implied the possibility
that the IR of **Am capture reaction lies around 0.85. This is consistent with the independent PIE
resultswith PFR[10] and PHENIX[11]. Necessty of re-evduation of the IR both in ENDF/B-VI and in
JENDL-3.3 issuggested.

For the abundance raio of *“Cmv*®Am, the present cdculaions were systematicaly
underestimated by 10-20%. We have met the difficulty in measuring the ratio of CrVAm, in which
relatively large experimenta error (about 10%) arose from apha spectroscopy. We now try to improve
the measurement accuracy by means of theisotope dilution andyss.

Findly, cdculaion modding dependency for the *Am sample was investigated. The
heterogenaity effect of the sample-loaded assembly and the sdlf-shidding effect of sample nudlides
were found to be amdl. However, by the reason that the sample was loaded in reflector region with
adjacent to control rod absorber, there was 5% of trangport effect on neutron flux level, and the 3-4% of
changesin one-group capture cross-sections for 2Am and **Am took place from ambiguity of control
rod modding in the RRRP caculation. Significant uncertainty from nuclear data of structure meteria
could aso be anticipated. So, we had better concentrate on the other samples loaded in core region in
future detailed andyss. Anyway, single result we have just obtained is never enough. We carry on the

Table 3 Comparison of C/E values for the isotopic abundance ratio of irradiated MA samples

PFR JOY O (preliminary result onthe *®Am sample) PHENIX

[Ref.10] [Ref.11]

Nuclear datalibrary JENDL-3.2 JENDL-3.2 JENDL-3.2 JENDL-3.3 ENDF/B-VI.5 JEF-22 JEF-2.2
“"Am Isomericratio  0.80 0.80 0.85 0.85 0.85 085 085
22MAm 1 2 Am 1.29 1.30 1.00 1.02 0.94 1.03 1.03
240m/22am 0.95 0.84 0.84 0.84 0.83 088 096




andyses for the remaining samples, increase the number of results, and gpply detailed cdculation
modding. The eror edimation for both experiment and cdculation will work out for practicd
utilization of the analysisresults.

4. Summary

To develop acommercidized fagt reactor cycle sysem involving the recycling of MA nuclides,
we have launched the isotopic composition andyses of PIE results for fuels and MA samples (3'Np,
1AM, 22Am, 2Cm) irradiated at the experimental fast reactor “JOY O”. For reducing the uncertainty
of burnup reactivity loss, aswdl as neutron emission and gamma energy rdease from fud assemblies,
the following MA nuclear data are sdlected to have a higher priority in accuracy-improvement: *Am
capture, “Am isomeric ratio, 2*Am capture, *?Cm capture, and **Cm capture. The andysis result on
the first examined MA sample (one of “*Am samples) implies the possibility that the *Am isomeric
ratio liesaround 0.85, which suggests the necessity of re-evauation of the databoth in ENDF/B-V1 and
in JENDL-3.3. We carry on the andysesfor the remaining samples, increase the number of results, and
apply detailed caculation modding in order to sophidticate the interpretation of analysisresults.
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