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ABSTRACT

The present work describes the activity performed in the framework of the validation

of both calculation tools and nuclear data to use for the simulation of the Los Alamos

Actlnlde Transmutation of Waste Project (ATW). The calculations have shown a reasonable

agreement with available reference data which make us confident in the adequacy of the

selected code chain and associated cross section file in simulating the main phenomena of

the transmutation process. On the other hand, such validation results have highlighted

some code inaccuracy and cross section data unrealistic behavior which need of further

Investigations and updating activities.

Introduction

The objectives of Partitioning and Transmutation researches should be focused on the

production of the know how necessary to design a system capable to replace the last phases

of fuel cycle: vitrification and deep disposal of High Level Waste (HLW).

In this framework the most ambitious goal is the project of a machine, that fed with

long lived HLW, produces wastes that should be stored in shallow deposit for not more of

five hundred of years. The Los Alamos ATW system seems to be the most promising machine

suitable for such purpose.
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General Approach

The ORIGEN2 calculations HI, 121 of the actinide hazard behavior after irradiation and

during the natural decay demonstrate that the neutron flux is the most important physical

parameter to determine the effectiveness at both fast and thermal systems. They have

shown the existence of threshold values for neutron flux which, if exceeded, cause an

actinide hazard stepwise drop of 5 or 6 orders of magnitude with respect the one related to

the natural decay of the spent fuel. These flux thresholds are: 5.0X1014n/(cm2 sec) and

5.0X1016 n/(cm2 sec) for thermal and fast spectra respectively (see ref. /3/).

All the burner projects presented in the last ten years except the Los Alamos ATW

system, have operative flux levels lower than the threshold to determine the dramatic

decrease of the hazard.

The Los Alamos ATW System

As Ref. / 2 / shows the ATW system can burn long-lived fission products with a rate of 11

times the production one and Actinides from 11 to 44 times.

These performances are achieved with small amount of fissile material In the

reactor.

Ref. / 2 / concludes that the ATW system could burn the Actinides and long-lived

fission products existing in an Industrial HWL at a rate of 3.6 times the generation one. It

means that this system, coupled to another suitable for plutonium burning (perhaps

Integral Fast Reactor), could solve the long-lived waste transmutation problem.

In case of radioactive release accident, the environmental risk of ATW is the

minimum among the considered burner projects: that is due to the small inventory of

minor Actinides which may be discharged into the ecosystem, in the case of accidents with

loss of the blanket coolant. On the other hand the probability of such accident is minimized

by the CANDU type design of the blanket which confines the coolant inside pressure tubes.

Simulation of the Los Alamos ATW System

As the ATW System seems to be the most promising one, it was considered Interesting to

evaluate its features by performing detailed analysis. For this purpose, the following

tasks were planned:
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a) production of an actinide and long-lived fission product cross section library

from JEF 2.2;

b) simulation of the ATW configurations existing in literature with MCNP / 4 / and

KENOIV / 5/ Monte Carlo codes;

c) validation of the cross section library by simulation of experimental

benchmarks and critical masses taken from regulatory guides in order to

calculate the multiplication factor (keff) with MCNP, KENO IV and XSDRNPM

/6 / codes.

d) inter-comparison between MCNP reaction rate and keff calculations of a PWR

unit cell with the one obtained by using different codes and cross section

libraries (NEACRP criticality working group data);

e) validation test of the code chain in which the HETC Monte Carlo code / 7 / is

included for the evaluation of the spallation neutron source;

f) unit cell calculations to determine the pitch between the channels filled with

Actinides solved in D2O or dispersed in a FNa molten salt considering two cases:

maximum kjnf lower than 1.0 (safety condition) or equal to the maximum

attainable In the system (maximum power production).

g) determination of the size of the burning zone to obtain the maximum actinide

transmutation,

h) evaluation of the reflector dimension considering the "Tc burning,

i) global simulation of the selected ATW configuration.

The first five tasks are completed showing an excellent agreement with data

available in literature / 8 / . Task g) is in progress.

Simulation of the ATW Configurations Existing in Literature

The Los Alamos system configurations selected for simulation purposes refer to / 8 / and / 9 /

for configuration A and B respectively.

The calculations performed using MCNP were focused on the evaluations of keff,

239pu absorption and fission reaction rates and the absorption rate of "Tc, when It is

present, with configuration A; only keff was calculated for configuration B.

The Los Alamos and ENEA calculation results present a good agreement only for

configuration A: all the differences among keff estimations are lower than 2%, while for

the reaction rate calculations they are lower than 8%.

A multiplication factor underestimation of about 40% was found for configuration

B, that is due to the 238Np cross section data.
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Cross Section Validation

As existing information about critical experiments involving Actlnlde Is poor, it wa

necessary to refer to other information sources such as the regulatory guides. The abov

data have been used to perform extensive MCNP calculations in order to evaluate critic*

masses of fissile Actinides and the negative reactivity due to actinide neutron poison

introduced in critical experiments.

The keff values corresponding to the minimum critical masses of fissile mine

actinides give reasonable values except for Z43Cm.

The intercomparison of the reaction rate calculations shows reasonable agreemer.

for the plutonium isotopes, 241Am and 243Am, for absorption and production but th

neutrons per fission of 243Am is affect by a strong uncertainty.

Validation Test of the Code Chain for Spallation System Analysis

Validation of HETC Monte Carlo Codes

The HETC version coming from NEA Data Bank was modified to use the code featur

concerning the block inner description with sectors bounded by quadric surfaces.

The validation tests consist in the simulation of two lead targets both with 60 cm c

height and 20 or 10 cm in diameter (see /10/). Lead is represented by its isotope number 207

The bombarding protons hit the target at the center of one of its bases. Several proton bean

energies have been investigated.

The agreement between experimental data and ENEA calculation results i

reasonable for proton beams energies under 2000 MeV and it improves for higher proto

beam energy.

Thought the differences between LAHETC results, calculated with the procedure <

ref. / l l / , and HETC ones are increasing with the proton beam energy, they remair

reasonable for proton beam energy lower than 1600 MeV.

Production of the Low Energy Neutron Source

The data produced by HETC and stored in the file NEUTP were analyzed with a progra

developed ad-hoc.
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Such developed ad-hoc program can also produce the angular distribution of

spallatlon neutrons: it results isotroplc.

The above data have been used to produce the MCNP neutron source distributions.

Russian Experiment Simulation

This calculation was planed to compare the MCNP results with one of the experimental

measurements carried out at the Moscow Radiotechnlcal Institute of Academy of Science

and presented In fig. 6 of ref. /12/ .

No substantial differences can be observed in the spectrum of the neutron flux at

different position within the lateral surface of the cylindrical target.

The measured spectrum Is harder than the one calculated by MCNP (this difference

Is less marked for the front and rear surfaces).

Due to the absence of a detailed description of the measurement geometry such

differences could be not fully explained.

NMTA Calculations

This program is devoted to the analyze the histories of the different particles produced by

HETC in the simulation of the spallation reactions, including those related to high energy

neutrons. The program calculate the particle fluxes and spallatlon product distribution as a

function of charge number (Z) and for each Z, versus the mass number.

The LAHETC / 1 3 / data, found In ref. /14/ . are In good agreement with the HETC ones

only for mass numbers ranging from 135 to 207.

ENEA HETC cannot calculate the contribution of the nuclides having mass number

lower than 110. that is due to the absence of the height energy fission model.

Unit Cell Calculations

This calculation were performed for various initial minor actinide concentrations and at

different irradiation times; other calculations were also carried out considering the total

quantity of the actinides present in a standard HLW.

The pitch values are practically the same either for minor actnldes or for the cells

filled with HLW having one tenth or one hundredth of standard HLW 238U concentration
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Furthermore. HLW by themselves result to be an excellent nuclear fuel because they

can maintain a constantly near to 1.0 Keff value for more than 2000 days.

Dimensions of the burning zone

Critlcallty onedimensional calculations show that the maximum thickness of the

transmutation zone is about 500 cm for a minor actinide concentration of 10.8 g/liter and a

reflector thickness of 27.5 cm. The reflector is considered filled with D2O. The minor

actinide are assumed in D2O solution.

Conclusions

There is a good agreement with the Los Alamos reference data for the configuration A

simulations.

It is necessary to produce new versions of 238Np, 243Am and a43Cm cross section data.

ENEA version of HETC can reasonably reproduce the spallaUon experimental data

concerning the yield of spallation neutrons .

It is necessary to found a well described experimental case to perfonn the validation

of HETC related to the spectrum description, however the discrepancies found are not so

important. The code will be used for the source production in the future calculations.

The absence of height energy fission model in ENEA HETC code can explain the

differences observed in the low mass spallation product distribution.
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