An in-depth analysis of Minor Actinide Fission Chambers

Measurements in the FCA IX Experimental Programme.
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Uncertainties are calculated with COMAC V1 covariances associated for the JEFF32 library, with their own covariances for ENDF-BVII.1 and for JENDL4.0 libraries. The critical mass uncertainties are dominated by 235 U capture contribution for JEFF3.1.1, JEFF3.2 and ENDF-BVII.1. However, uncertainties with JENDL4.0 are much lower due to a much reduced 235 U capture contribution. Calculated Uncertainty is mainly due to Nuclear Data Uncertainties and can be split into direct effect (Minor Actinide cross section) and indirect effect (through flux shape). The indirect effect is an important contribution to the total calculated effect (except for 238 Pu): This is mainly due to 235 U capture and that limits the possible feedback on the cross sections of minor actinides that have been measured through fission chambers. However, the fission rates of 237 Np, of 243 Am and 244 Cm have a direct effect on significantly higher than those of the 235 U and 239 Pu in contrast to the 238 Pu, 242 Pu and the 241 Am. The use of criticality measurements of these 7 cores can help reduce the magnitude of the indirect effect of 235 U and therefore allow closer access to effective fission sections of the measured actinide fission chambers. All data sets exhibit the same trends with 242 Pu and 244 Cm fissions too large by around 10% while 241 Am seems too small by 7%.

Introduction

FCA is a zero power facility located at Tokai in Japan. The FCA-IX experimental programme exhibits 7 different cores with a variety of different neutron spectra [1]. Fission Chambers of seven different nuclides: 237 Np, 238 Pu, 239 Pu, 242 Pu, 241 Am, 243 Am and 244 Cm were used to measure ratios of fission reaction rate [2]. This is a good opportunity for identify the correctness of Minor Actinides Fission cross sections.

FCA IX plant layout

FCA is a zero power facility located at Tokai in Japan. The FCA-IX experimental programme exhibits 7 different cores with a variety of different neutron spectra. This has been achieved through the use of different moderators and different Uranium enrichments (93% for most of them except FCA-IX-7 where it is 20%). In the following Figure 1, we can see the normalized fission spectra as calculated with the TRIPOLI4 Monte Carlo code [3].

Figure 1. Normalised FCA-IX spectra

Given the relative similarities between most of the spectra, only FCA IX-1, FCA IX-6 and FCA IX-7 results have been reported in the following.

Criticality

Experimental values for criticality are given by JAEA [1]. Results of the analysis using TRIPOLI4 (T4) [3] and JEFF3.2 [7] are given in the following Table 1:

Table 1: E-C values for FCA IX critical masses using TRIPOLI4 & JEFF3.2
One can see that there is a significant bias between JEFF3.2 calculations and experiments. E-C as well as uncertainties on Keff have been calculated for different libraries. These use COMAC V1 covariances [6] for the JEFF32 library [7] and their own covariances for ENDF-BVII.1 [8] and for JENDL4.0 [9] (Table 2). 

Reaction Rates

Fission Chambers of seven different nuclides: 237 Np, 238 Pu, 239 Pu, 242 Pu, 241 Am, 243 Am and 244 Cm were used to measure ratios of fission reaction rate. Mass quantitative determinations of the electrodeposited nuclides were carried out through spectral analysis using a surface barrier silicon detector and a pulse height analyzer [2]. The quantitative determination errors for electrodeposited nuclides were 3% for 244 Cm and 1.5% for the other. Figure 2 shows how these fission chambers are designed.

Figure 2: FCA-IX fission chambers

The detailed analyses of the Minor Actinide fission chambers measurements performed during the FCA-IX programme have been done using ERANOS2.3 [4]. Associated to the C/E values are the experimental uncertainty and the calculated one. This last one is dominated by nuclear data uncertainties and has been obtained with the sandwich formula using covariance matrices associated to JEFF3.2 libraries (COMAC V1) [6], and their own ones for ENDF-BVII.1 and JENDL4.0 libraries. Sensitivities were obtained with the GPT method [5] in ERANOS [4] (Table 3). This way of doing helps tracking the origin of nuclear data uncertainty in the calculation of measured fission rate ratios.

The fact that these cores are all enriched Uranium introduce an indirect effect due to the capture cross section of 235 U and that limits the possible feedback on the cross sections of minor actinides that have been measured through fission chambers. However, the fission rates of 237 Np, of 243 Am and 244 Cm have a direct effect significantly higher than those of the 235 U and 239 Pu in contrast to the 238 Pu, 242 Pu and the 241 Am for which information is diluted.

One can illustrate this with use of different covariance sets.

The use of COMAC V1 covariances for FCA IX 237 Np/ 239 Pu reaction rate ratio using the JEFF3.2 library gives the following results (Table 4). Np and 239 Pu are direct contributions to the total uncertainty while 235 U is an indirect effect to the total uncertainty. The situation is quite different for the same reaction rate ratio 237 Np/ 239 Pu when using JENDL4.0 library (Table 5). The C/E values for FCA IX fission rate ratios using JEFF3.2 are presented in the following Figure 3. Similarly, the C/E values for FCA IX fission rate ratios using JENDL4.0 and ENDF-BVII.1 are presented respectively in Figures 4 and5.
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 3 Figure 3: C/E values on FCA-IX fission rate ratios using JEFF3.2
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	The critical mass uncertainties are dominated by 235 U
	capture contribution for both JEFF3.2 and ENDF-
	BVII.1. However, uncertainties with JENDL4.0 are, in
	general, much lower due to a much reduced 235 U capture
	contribution. Since C-E values are quite low with both
	JEFF3.2 and ENDF-BVII.1, a 235 U capture seems the
	major suspect in the too high calculated reactivity level.
	Current trends on criticalities advocate for an increase of
	235 U capture for JEFF3.2 and ENDF B VII.1. An
	assimilation technique will help identify which energy
	region is concerned.

E-C values for FCA IX critical masses using different libraries and associated covariances

Table 3 :

 3 C/E values for FCA IX fission rate ratios using JEFF3.2
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 4 Uncertainty breakdown for FCA IX-1237 Np/ 239 Pu reaction rate ratio using JEFF3.2
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Table 5 :

 5 Uncertainty breakdown for FCA IX-1 One can notice that in this case, 235 U contribution to the total uncertainty is much reduced and that one can now derive clear trends on 237 Np fission cross-sections.

	237 Np/ 239 Pu reaction rate using JENDL4.0
	Given this, one can derive trends on cross sections being
	measured.
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