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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefuliness of any
.information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.




GENERAL DISCLAIMER

This document may have problems that one or more of the
following disclaimer statements refer to:

¢+ This document has been reproduced from the best copy furnished
by the sponsoring agency. It is being released in the interest of
making available as much information as possible.

¢+ This document may contain data which exceeds the sheet
parameters. It was furnished in this condition by the sponsoring
agency and is the best copy available.

¢+ This document may contain tone-on-tone or color graphs, charts
and/or pictures which have been reproduced in black and white.

¢+ This document is paginated as submitted by the original source.
¢+ Portions of this document are not fully legible due to the historical

nature of some of the material. However, it is the best reproduction
available from the original submission.
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‘M.B. Chadwick

University of California, Los Alamos National Laboratory,

Theoretical Division, Los Alamos, New Mexico 87545, USA

1 Introduction

The development of an accelerator-transmutation of waste (ATW) capability
requires a number of nuclear technology developments for the design of the
spallation target and the subcritical transmuter. ATW design is guided by
radiation transport code simulations, which are used to modél particle transport,
criticality, activation, and radiation heating and damage. This paper focuses on

nuclear data needed to insure the accuracy of such simulations.

2 Results

New ENDF/ B-VI data files have been produced for incident neutrons and pro-

tons for energies that extend up to 150 MeV (the LA150 library) [1]. By using




advanced nuclear models that account for details of nuclear structure and the
quantum nature of the nuclear scattering, significant gains in simulation accu-
racy can be achieved below 150 MeV, where intranuclear cascade calculations
become less accurate. To date, evaluations have been completed for isotopes '
of the following target/blanket and shielding materials: H, Li, C, N, O, Al, Si,
P, Ca, Cr, Fe, Ni, Cu, Nb, W, Hg, Pb, Bi. The evaluations are based upon
measured data as well as predictions from the GNASH nuclear model code,
which calculates cross sections using Haﬁser-Feshbach, exciton and Feshbach-
Kerman-Koonin preequilibrium models. FElastic scattering distributions and
direct reactions are calculated from the optical model.

I describe recent developments to the MCNPX radiation transport code [2],
which merges MCNP and LAHET in one code and uses the LA150 evaluated
data. A number of benchmark comparisons against intégral experiments are
described, for thick-target neutron production, neutron transmission through
macroscopic slabs, and neutron kerma coefficients. Good agreement between
calculation and experiment is found. These benchmarks help validate the trans-
port code and the evaluated data for use in accelerator-driven-system simula-
tions of neutron production in a spallation target (n/p), radiation shielding,
heating, and damage. As an illustrative example, Fig. 1 shows the calculated
(solid line) thick-target neutron production from 68 MeV protons stopping in
aluminum, compared with measured data. It is evident that MCNPX simula-
tions that use our new evaluated LA150 data better agree with measurements

compared to those that use intranuclear cascade LAHET-type physics (dashed-

line).




For an ATW transmuter, the fundamental nuclear data for minor actinides
are in many cases poorly understood. This affects our ability to predict the crit-
icality, keyg. Additionally, data uncertainties affect our ability to predict the
rates of transmutation of the various radioactive species. Since most designs
have, at present, foéussed on transmuters that operate at fast neutron energies,
the most important energy range is below 20 MeV, and primarily energies in
the hundreds-of-keV to few-MeV region for the minor actinides, and lower en-
ergies for the fission products. More accurate data are desirable for the minor
actinides, for the fission producté, and for the coolants such as lead and bismuth
[3]. Data at higher energies are needed in certain cases, such as for estimations -
of radiation damage, and shielding requirements.

For an ATW spallation target, accurate nuclear data are needed in order to
predict the number of spallation neutrons produced per incident proton, n/p,
which affects the overall economy. Data are also needed to better understand
the radionuclides produced through spallation and fission nuclear reactions, for
studies of activation, and materials properties. I provide an overview of the
status of nuclear theory and modeling for calculations of spallation and sub-
actinide fission.

This research is supported by the Department of Energy under contract

W-7405-ENG-36.

References

[1] M. B. Chadwick, P. G. Young, S. Chiba, S. Frankle, G. M. Hale, H. G.
Hughes, A. J. Koning, R. C. Little, R. E. MacFarlane, R. E. Prael, and




[2]

[4]

L. S. Waters, “Cross section evaluations to 150 MeV for accelerator-driven

systems and implementation in MCNPX,” Nucl. Sci. Eng. 131, 293 (1999).

H. G. Hughes, K. J. Adams, M. B. Chadwick, J. C. Comly, H. W. Egdorf,
S. C. Frankle, J. S. Hendricks, R. C. Little, R. E. MacFarlane, S. G. Mashnki,
R. E. Prael, A. J. Sierk, L. S. Waters, M. C. White, P. G. Young, F. X.
Gallmeier, and E. C. Snow, “MCNPX for neutron-proton transport,” in
Proc. of the Mathematics and Computation, Reactor Physics and Environ-
mental Analysis in Nuclear Applications, Madrid, Spain, September 27-30,
1999, edited by J. M. Aragones (Senda Editorial, S. A., Madrid, Spain,

1999), p. 939.

G. Palmiotti, P. J. Finck, I. Gomes, B. Micklich, and M. Salvatores, “Un-
certainty assessment for accelerator-driven systems,” in Proc. of the ANS
GLOBAL ’99 International Conference on future nuclear systems, Jackson
Hole, WY, August 29-September 3 (American Nuclear Society, La Grange
Park, IL, 1999).

S. Meigo, H. Takada, H. Nakashima, T. Sasa, K. Tanaka, S. Shin, and S. Ono,
“Measurements of neutron spectra from stopping-length targets irradiated
by 68-MeV protons, 100 MeV alpha and 220 MeV carbon particles,” in_ Proe.
of the International Conference on Nuclear Data for Science and Technology,
Trieste, Italy, May 18-24, 1997, edited by G. Reffo (Societa Italiana di Fisica,

Bologna, Italy, 1997), pp. 413-415.




100 £ T T T T v T
: 5' = 68-MeV p+Al thick-target n prod. 3
10‘1 E o * -5
T e f
5 F ;
2 102k E
5 e, E
S - 3
2 103 E 3
5 P :
£ 10*g 3
o g ]
T 2 e Dy
>10%F . 750x1000 3
2 sl = 30° x 100 N ]
3 10°F  .e0°x10 v
z : v 150° ]
107F oo MCNPX with LAHET 3
F —— MCNPX with LA150 v 3
-8 . A S | . 2 P AT
10%5 4 6 8 10 30 50 70
Neutron energy (MeV)

Figure 1: Thick target neutron production spectra for 68 MeV protons incident

on aluminum [4] compared with calculations.




