4 COME =100 44
AUR- 05-34371

Loa Alamos Nalionai Laboratory is operated by the University of California for the Uniled States Department of Energy under contract W-7405-ENG-36

~=IVED
Nnv 2 7 1995
OSTI

mme:  THE STATUS OF NUCLEAR DATA FOR TRANSMUTATION
CALCULATIONS

AUTHOR(S): Wilson, W.B,, T-2
England, T.R,, T-2
MacFarlane, R. E., T-2
Muir, D. W,, T-2
Young, P. G, T-2

SUBMITTED TO:  Submitted for presentation at the ANS RP&S Topical Meeting
on Advancements and Applications in Radiation Protection and
Shielding, April 21-25, SEACREST, North Falmouth,
Massachusetts.

ly acceplance of this article, the publisher recognizes thai the U.S. Governmeni relains a nonexcusive, royalty-free ficanse to publish or reproduce the published
xm of this conlribulion, or to allow othera to do so, for U.S, Governmeni purposes.

‘he Los Alamos Natlonat Laboratory requesis ihal ihe publisher ideniity 1his aclicle as work performed under the auspices of the U.S. Depariment of Eney.

A 0 Los Alamos National Laboratory
L©@ Aﬂ@mgg Los Alamos, New Mexico 87545

JRM NO. 836 R4
I. NO. 2629 5/81


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


The Status of Nuclear Data for Transmutation Calculations

W. B. Wilson, T. R. England, R. E. MacFarlane, D. W. Muir, and P. G. Young

Theoretical Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545 USA

Submitted for presentation at the ANS RP&S Topical Meeting on
Advancements and Applications in Radiation Protection and Shielding,
April 21-25, SEACREST, North Falmouth, Massachusetts

ABSTRACT

At this point, the accurate description of transmutation products in a radiation environment is more a
nuclear data problem than a code development effort.

We have used versions of the CINDER code for over three decades to describe the transmutation
of nuclear reactor fuels in radiation environments. The need for the accurate description of reactor
neutron-absorption, decay-power, and decay-spectra properties have driven many AEC, ERDA, and
DOE supported nuclear data development efforts in this period. The level of cross-section, decay, and
fission-yield data has evolved from rudimentary to a comprehensive ENDF /B-VI library! =% permitting
great precision in reactor calculations.

The precision of tlie data supporiing reactor simulations provides a sturdy foundation for the data
base required for the wide range of transmutation problems currently studied. However, such reactor
problems are typically limited to nentron energies below 10 MeV or so0; reaction and decay data are
required for actinides of, say, 90 < Z < 96 and neutron-rich fission products of 22 < Z < 72. The

expansion into reactor structural materials and fusion systems extends these ranges in erergy and Z
somewliat..

Recent applications involviug medimn- and high-energy aceelerators have greatly expanded the range
of data required for transmmtation studies in that

e jon reactions must he deseribed;
e nentron reactions up to the aceelerator hean energy are itportant; and,

o the Z-A range of unclides for which renction and deeay datn are reqguired now extends over the
entire chiar of the unelides awd beyond.

During the past five or so years we hnve developed n code for the deseription of nuelide inventories in
tennsntation Cooblems, I'his code, CINDER'90%, evol «ed from entlier versions of CINDER*0 and
REACH usey the algorithin of CINDER with modifientions to acconnmodate the input of additionn!
constant. destruction and produetion rates nssoeiated with reactions ontside of the code's partiele or
energy donmin. In renctor problems, these ndditional termns arve typieally zero. o medimn-energy ac-
celepntor problems, these ters are produced i the radiation transport calenlitions with the LANET
Code Systent, LATET nses online reaciion models to deseribe all ion reactions sid nentron reaetions
above sone entoll energy - typiendly 20 MeV.'The code follows nentrons down to this entoll and passes
all surviving nentrons to MNP for transport with evalnaled dati, The nentron fluxes enlenlated in
MOND are used in the CINDER OO eadenlation to caleubde nentron tesnsinutation helow 20 MeV. Prod
nets of the CINDER'00 ealenlation inelude nuelide <lensities, netivities, deeny power, gamiin speetra,
andd radiological hazned assooated with enviromiental release inair or water,



The range of nuclides for which transmutation data are needed for accelerator problems expands to
include spallation products far from stability. The scarcity of data for these nuclides has been ob-
served elsewhere.'?=1% We have relied greatly on data from international associates for data describing
decay,'®!7 radiological haszard,'® and cross-section!? properties. The data accumulated have been sub-
jected to validation studies of data?® and aggregate results?'=23 where available. Unfortunately, the
availability of such benchmarks is severely limited; for example, messured cross section data exist in

the CSISRS experimental data file at one or more energies for only 2279 of the over 15000 reactions of
the library.

The library of nuclear data, constantly growing in breadth and quality with international cooperation,
is now described in the foliowing table.

Content uf Present CINDER'90 Data Library

Value Quantity
25 Maximum Neutron Energy, MeV
63 Neutron-Group Cross Sections
25 Photon-Group Spectra
3400 Total Nuclides
259 Stable Nuclides
3141 Unstable Nuclides
2762 Ground State Nuclides
583 1st. Isomeric State Nuclides
1 2nd. Isomeric State Nuclides
56 Nuclides Decaying by Spontaneous Fission
736 Nuclides Having Reaction Paths
66 Nuclides Having (n,f) Paths
16269 Total Non-fission Reaction Paths
4041 Total Non-fission Decay Paths

Validation of specifie enlenlated results is currently appronched in the following sequenee:

1 identify the miajor contributors to a significant calenlated result;
2. identify the paths leading to each major contributor;

3. compnre the major data contributing to the ealenlation of eneh path with nuy available mensired
data to estingte data npeertaintios; nnd,

4. trace the impaet baek throngh the signifieasnt paohs nnd magor contribitors to estiniate an nneer-
tainty in each signifienut calenlated vesnlt,
Thix sequience suggests nmore consistent, antomated meertainty evaluation reguiving the evalnativon of
mueerbaiation i all data, This approach is laghly recommended by the aimthors,

Todwe the data and code hpve heen applied to a viiety of interesting aceelerstor problems™#1 W
will e Dredly deepilusd,



The data improvemrent effort continues with the cooperation of international evaluators. For example,

the MENDL-23! and WIND?? libraries are in hand to be validated and incorporated into the cross-
section data,
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