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FOREWORD

The Joint Evaluated Fission and Fusion (JEFF) Project is a collaborative effort among the
member countries of the NEA Data Bank to develop areference nuclear datalibrary. The JEFF library
contains sets of evaluated nuclear data, mainly for fission and fusion applications; it contains a number
of different data types, including neutron and proton interaction data, radioactive decay data, fission
yield data, thermal scattering law data and photo-atomic interaction data.

The latest version of the JEFF library, JEFF-3.1, was released by the NEA in May 2005. JEFF-3.1
combines the efforts of the JEFF and EFF/EAF (European Fusion File/European Activation File)
working groups who have contributed to this combined fission and fusion library. The neutron general
purpose library contains incident neutron data for 381 materials from *H to **Fm. The activation
library (based on the European Activation File, EAF-2003) contains 774 different targets from 'H to
»'Em. The radioactive decay data library contains data for 3 852 isotopes, of which 226 are stable.
The proton special purpose library contains incident proton data for 26 materials from “Ca to *®Bi.
The thermal scattering law library covers 9 materias, and the fission yield library covers 19 isotopes
of neutron induced fission yield from #Th to *Cm and 3 isotopes with spontaneous fission yields
(242Cm, 2440m and 252Cf)_
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I ntroduction

The objective of the OECD Nuclear Energy Agency (NEA) co-ordinated Joint Evaluated Fission
and Fusion (JEFF) data project is to develop and promote the use of high quality evaluated nuclear
data setsin standard formats for awide range of scientific and technical applications. The JEFF project
assesses the needs for nuclear data improvements and brings together experts in different areas such as
experiments, data evaluations, verification and compilation of the data under strict quality assurance
procedures, file processing and benchmarking.

JEFF is a collaborative effort among NEA Data Bank member countries. The project maintains
close links with other similar international efforts and projects aimed at producing evaluated nuclear
data, for example through active participation in the NEA Working Party on International Nuclear
Data Evaluation Co-operation (WPEC). While the objective of the JEF-2.2 library (1992) was to
achieve improved performance for existing reactors and fuel cycles, its successor, the JEFF-3 project,
aims at providing users with a more extensive set of data for a wider range of applications. While
exigting reactors and fuel cycles remain the essential application areas of the nuclear data library,
innovative reactor concepts (Gen-IV systems), transmutation of radioactive waste, fusion, medical
applications, and various non-energy related industrial applications are now also envisaged as
scientific application areas that will make use of the JEFF data. The European Fusion File (EFF) also
contributes to the JEFF project through eval uations and data validation.

Figure 1 illustrates the evolution of the JEFF project, including the latest release of JEFF-3.1. The
JEFF-3.1 release consists of the following libraries:

e neutron general-purpose library;
o thermal scattering library;
e neutron activation library;
e decay datalibrary;
o fissionyield datalibrary;
e proton special-purpose library.
Figure 1: The evolution of the JEFF project
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The general-pur pose neutron data library
The need for anew library

Following the release of the JEFF-3.0 library in April 2002, various benchmark tests have
confirmed the expected performance improvements of this general-purpose neutron data library over
JEF-2.2. However, they have also shown that the reactivity of small low-enriched uranium systems,
relevant to LWR analyses, is underestimated by about 500 pcm when using JEFF-3.0 data. The 22U
inelastic, scattering and capture cross-sections have been identified as the possible reasons for this
underestimation. A new **U evaluation has been assembled, resulting in appreciably improved K
values. Subgroup 22 of WPEC has contributed significantly to these improvements. Very extensive
automated benchmark tests have been conducted, probing the current quality of the new data library.
These benchmark tests include for example criticality calculations performed with MCNP, TRIPOLI
and APOLLO for an unprecedented set of benchmark cases. Current-day computer power enables
future revisions of the JEFF library to be quickly tested with such benchmarking schemes.

It was decided to adopt an eight-time group representation for delayed neutron data, as suggested
by Subgroup 6 of WPEC. It is considered that this representation has two advantages — the longest
lived, dominant precursors are explicitly represented and the calculation convenience of having the
same set of time constants for all fissioning isotopes.

A fina justification for releasing JEFF-3.1 is that there was a desire from the nuclear industry
(in particular in France) to start validating the new JEFF library in the fall of 2005.

New evaluations

Another reason to develop the JEFF-3.1 genera -purpose neutron data library is that a significant
number of isotopes have undergone a major revision over the last few years. This holds both for the
general-purpose and the special-purpose libraries. This report contains a table with the justification for
the choice of the various isotopes for JEFF-3.1 (see Appendix 1). New evaluations are included for the
Ti isotopes (IRK Vienna), the Ca, Sc, Fe, Ge, Pb and Bi isotopes (NRG Petten), *®Rh, *#'1, |, the Hf
isotopes, 22U, and **Am (CEA). For other isotopes, more recent evaluations from other libraries
were adopted.

Revised thermal scattering data have been produced for all important moderator and structural
materials and this was included in JEFF-3.1.

Various experimental nuclear data activities have taken place during the development of JEFF-3.1.
The programme at the nTOF facility at CERN comprised capture and fission cross-section measurements
including isotopes of relevance to the thorium fuel cycle and several transuranic isotopes. The
measurement programme at IRMM Geel mainly covered neutron data related to waste transmutation
and other innovative concepts, as well as basic nuclear physics and standards data.

Thermal scattering law library

The thermal scattering law library contains the following nine evaluations. hydrogen bound in
water, zirconium, polyethylene (CH,) and CaH,, deuterium bound on D,O, °Be, graphite, Mg and
finally calcium bound in CaH,. All files are new eval uations, except °Be and hydrogen in polyethylene,
which are from the JEFF-3.0 library. Many of the evaluations are the result of an IAEA co-ordinated
project on thermal neutron scattering. Calculations for a variety of temperatures were made with the



LEAPR module of NJOY to obtain thermal scattering data that are accurate over a wider range of
energy and momentum transfer. To validate these files on a microscopic level, detailed comparisons
with a significant number of measurements of differential and integral neutron cross-sections and
other relevant data have been performed. The current models used for these files are able to describe
the experimental data reasonably well. The generating and processing chain for the thermal neutron
scattering files with NJOY was carefully investigated.

Expected performancerédativeto JEF-2.2

In the coming years, benchmarking studies will provide quantitative evidence of the JEFF-3.1
library performance with respect to the previous file versions, in particular JEF-2.2. The latter is a
“natura” reference, as it has benefited from many years of validation and users’ feedback (see JEF
Report 17). However, it is aready possible to give some indications or trends concerning the JEFF-3.1
expected impact on fission reactor applications.

For LWR applications, the longstanding JEF-2.2 problem of **U under-prediction in actinide
inventory calculations has been corrected (increase of the *°U epithermal capture cross-section).
Similarly, the underestimation of the *Pu content and correlated ***Am build-up in spent fuel has
been fixed (increase of *'Pu capture and decrease of fission near the 0.3 eV resonance). Reactivity
predictions for fresh UOX-fuelled cores should be dightly lower than with JEF-2.2, in agreement with
measurements. The reactivity of systems containing significant quantities of Al will aso be improved
(higher thermal capture). For MOX cores, however, JEFF-3.1 will yield larger values than JEF-2.2,
thus over-predicting reactivity. Individual fission product poisoning effects should be better predicted
with JEFF-3.1 as a result of improved capture cross-sections (*®Rh, **Cs, ®*Mo, **Nd, **Eu, *°Eu,
9Sm). Important thermal fission product yields used for fission rate normalisation have been revised
for a better agreement with measurements (increased >°U yield of **’Cs, decrease 2°Pu yield of **Nd).

For fast reactor applications, the reactivity of un-irradiated uranium systems should no longer be
overestimated (larger “*U capture). On the other hand, the reactivity of plutonium-fuelled fast reactors
should still be underestimated, being even lower than with JEF-2.2 as a result of the changes in the
28 inelastic scattering. *'Pu build-up should be improved (lower **°Pu capture cross-section above
100 eV), as well as the 2®Pu, *Pu, **Cm and ***"Am produced from **Am (branching ratio of 0.85,
lower capture cross-section above 20 keV). Calculated sodium-void effects should no longer require
aposteriori corrections (revised *Na indlagtic and elastic cross-sections). Finally, steel reflector
effects should also be better predicted (improved *°Fe and *’Cr scattering cross-sections).

Compared with JEF-2.2, a befter agreement between JEFF-3.1-based calculations and
measurements is expected in neutron transmission applications containing the following materials: Fe,
0, °Be, W, Na.

Initial testing of the JEFF-3.1 file has also indicated that further improvements will be needed, in
particular for ’Np capture, “°Pu fission and capture, **Pu capture, ***Am capture, *°Fe scattering,
fission product cross-sections (fast range), decay data and yields of short-lived fission products.
Benchmarking and quality assurance

Present status

Extensive benchmarking of the JEFF-3.1 datalibrary is now under way for both the genera -purpose
and the special-purpose sub-libraries. In order to avoid further delays in the publication of the present



report, only results from the extensive benchmarking effort on criticality, effective delayed neutron
parameters, and shielding using a Monte Carlo approach (MCNP) are reported on here (see Appendix 2).
At alater stage, a wider validation of benchmark results using different methods (deterministic and
Monte Carlo), codes and for various integral quantities, can be expected.

A quality assurance procedure has been developed at NEA for the assembly, basic testing and
loading of the JEFF-3.1 library into a database. Verifications performed at the loading stage include
format checks (CHECKR), physics checks (FIZCON and PSYCHE), processing using different
versions of NJOY and graphical comparisons with other data libraries. Specific tools were devel oped
within this framework (e.g. the JANIS data display program and database loading programs) and
existing programs (e.g. FIZCON, INTER) were extended to enable more stringent consistency checks.

Thelibrary format and contents

Each material in the JEFF-3.1 library is given in the ENDF-6 format. This format stores nuclear
datain various sections or files (MF). Each file contains data for different reactions (MT). Appendix 3
givesthelist of MF and MT numbers and their meaning in the ENDF-6 format.

Table 1 providesthelist of materials in the neutron general-purpose library and the origin of thefile.
A materia corresponds to a nucleus of a single isotope or to a nucleus of a natural element. A nucleus
is either in its ground state or in an isomeric state. In the first column of Table 1, the material is
represented as ZZZ-SY-AAA where AAA and ZZZ are the atomic charge and mass given as three-digit
integers. SY is the symbol of the material represented with two characters. Note that AAA is equal to
zero when the material represents a natural element. In addition, when the nucleusisin its first isomeric
state, the letter “M” is appended to the end of the column (e.g. 95-Am-242M). The materias are
classified in ascending atomic charge order. The second column provides the material number used to
identify the isotope or the element in the library. The third column gives the source library from where
the data originates. The forth to sixth columns specify the laboratory that performed the evaluation, the
date of the evaluation and the authors.

Table 2 provides the same information as Table 1, for neutron thermal scattering datain JEFF-3.1.
The following compounds are included: hydrogen bound in water, zirconium, polyethylene (CH,) and
CaH,, deuterium bound on D,0, °Be, graphite, 24Mg and finally calcium bound in CaH..

Table 3 provides some details concerning the available cross-section data in the general-purpose
neutron data library. The first two columns identify the materia, and the third column lists the MTs
found in file 1 (MF=1, general information). Reactions (MTs) for which cross-section data are available
(MF=3, reaction cross-sections) are listed in the forth column. Columns 5 through 7 provide the list of
reactions for which angular distributions, energy distributions or energy-angle distributions are given
in MF=4, 5 and 6 respectively. Table 4 gives the list of materials for which photon production datais
available (MF = 12 to 15) in the genera -purpose neutron data library. Table 5 provides information on
available covariance data in MF=31 to 36 in the genera-purpose neutron data library, and Table 6
gives details on resonance data given in MF=2. The third column of Table 6 states whether resonance
datais present, and the forth column gives the formalism used. The remaining columns give details on
the resonance parameters in the resolved resonance range (RRR) and the unresolved resonance range
(URR) with the energy of the first three s-wave resonances.

Table 7 lists the contents of MF=1 and MF=7 of the thermal scattering law library. Table 8 lists
similarly the contents of the proton specia purpose library, with information from MF=1, 3 and 6.
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Table 9, findly, gives simple integral neutron cross-section data from the neutron general-purpose
library of JEFF-3.1 calculated with the INTER-7.0 computer code. All input parameters are listed
aswell.

Outlook

For the next release, JEFF-3.2, we foresee more efforts on fission product evaluations, minor
actinide evaluations, and inclusion of more covariance data in thefiles.

Activation library, JEFF-3.1/A
Summary

The activation data library in ENDF-6 format, JEFF-3.1/A, is based on the European Activation
File (EAF-2003). The JEFF-3.1/A library contains 12 617 excitation functions involving 774 different
targets from H to ’Fm, atomic numbers Z=1 to Z=100, in the energy range 10° eV to 20 MeV.
Uniquely, an uncertainty file is also provided that quantifies the degree of confidence placed in the
datafor each reaction channel.

Background

Calculations of the activation of materials, arising from the operation of fusion devices producing
large fluxes of neutrons from the D-T reaction, play an important role in fusion technology studies.
In order to have confidence in the results of such calculations, it is necessary that the inventory code
and the data libraries be thoroughly validated. This is accomplished by comparing the predictions of
the code system with activation measurements made on materials relevant to fusion technology in
well-characterised neutron fields.

The European Activation File (EAF) project has been an ongoing process performed through
European and world-wide co-operation, leading to the creation of successive EAF versions. The
EAF-2003 release [1] has benefited from the generation and maintenance of comprehensive activation
files and the development of the new processing code SAFEPAQ-II [2]. Therefore, the JEFF project
has adopted this version of the activation files for the JEFF-3.1/A library.

Library description

The EAF nuclear data library has been developed as part of the European Fusion Development
Agreement (EFDA) Fusion Technology Programme. A series of measurements on fusion-relevant
materials in several complementary neutron fields have been carried out over the last few years.
In addition, analyses of measurements, carried out outside Europe and outside the fusion programme,
have been undertaken.

Cross-section validation exercises, performed against both experimental data and systematics,
enable a comprehensive assessment of the data. The SAFEPAQ-II software is used to apply a series
of modifications to the original source data. A very important set of modifications concerns
re-normalisation and branching using experimental or systematic data. A total of 3225 reactions
(26% of all the reactions) have thus been changed. This is a challenging task as the source contains
non-threshold reactions with an energy-dependent branching ratio.
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Vadlidation using integral data has been performed by means of direct comparison with
measurements of sample materials under fusion-relevant neutron spectra. Irradiations have been
carried out at ENEA FNG, FZK Isochron-cyclotron, Sergiev Posad SNEG-13 and JAERI FNS and
integral C/E comparisons made (C/E is the ratio of the library value to the experimental value). The
results of these benchmark exercises, in concurrence with differentia data, have indicated where
modifications to the data should be applied.

The results from the experiments used to validate the activation data are presented in a series of
tables in Ref. [3], including the pathways responsible for production of the various radionuclides.
In cases where a single pathway dominates, it is possible to extract the effective cross-section for
the reaction and compare this with the library value calculated in the same neutron spectrum. About
290 reactions from the JEFF-3.1/A library are plotted in the reference. The graphs include uncertainty
estimates as well as experimental differential data from the EXFOR database. C/E graphs showing the
available integral data are also given and, using these graphs, a statement is made indicating whether
the EAF data are consistent with the experimental data or whether changes to data would be needed.
It should be noted that most of the measurements were carried out with fusion-relevant materias,
resulting in small uncertainties for activities produced in major nuclides, but larger uncertainties for
activities produced in minor nuclides or impurities.

Radioactive decay data library, JEFF-3.1/RDD
Summary

Radioactive decay data forms an integral part of the nuclear data requirements for nuclear
applications. The JEFF-3.1 decay data library contains 3 852 nuclides from neutron to ??Rg. The
decay data sub-group of the JEFF Project decided that a completely new start should be made in the
construction of this library compared to the previous versions. The JEFF-3.1/RDD library is described
in detail in JEFF Report 20 [4]. Some background information concerning the evolution of the project
is provided below.

Data sources available

The basis for the selection of isotopes were taken from the NUBASE-2003 file [5], which contains
basic nuclear properties, hence all known isomers were identified from here. Three evaluated libraries,
from within Europe, were used to replace individual NUBASE files, for almost 600 nuclei in al. Two
libraries originated from the UK (UKPADD-6.4 and UKHEDD-2.4) [7] and the third from the Decay
Data Evaluation Project (DDEP) [8] conducted by the Laboratoire National Henri Bequerel (LNHB) at
Saclay, France.

Files were aso selected from the ENSDF library [9] — these files contain decay data derived from
basic nuclear structure data. Approximately 900 nuclei, containing sufficient data to allow calculation
of their energy balance to a consistency of better than 1%, were selected from ENSDF.

The JEFF-3.1 library stores all data in the internationally-accepted ENDF-6 format [6]. Recent
enhancements, allowing the storage of basic nuclear properties for stable nuclei (i.e. spin and parity),
have been adopted in this library. The isotopic abundances for al appropriate nuclei (taken from
NUBA SE-2003) have been added as the last line in the comments section (MF=1, MT=451) whilst an
unused field in the format is investigated.
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Throughout the compilation process the library has followed NEA quality assurance procedures
and been checked with the standard ENDF utility codes STANEF, CHECKR and FIZCON [10].
Significant enhancements to the FIZCON code have been added for the verification of decay data[11]
and minor corrections to the latest versions (7.00/7.01) have also been implemented following problems
noted in checking this JEFF library, most notably the checking of the symbol field for meta-stable
states and the inclusion of stable nuclel. Users should be warned that earlier versions of the checking
codes, e.g. version 6.11, should not be used in testing this library.

Fission yidd libraries, JEFF-3.1/NFY and SFY

Thefission product yield libraries include independent and cumulative yields for neutron-induced
fi$ion Of 232-|-h 233,234,235,236,238U 237,238Np 238,239,240,241,242Pu 241,242m,243Am 243,244,245Cm and SpontaneOUS
fisson of 2?“Cm and ®°Cf. The data represent a development of the UKFY3 file described in
Ref. [12], which was itself developed from earlier UK evaluations described in Refs. [13-15].

The principle changes from earlier libraries include an extended experimental database,
calculation of the cumulative yields using the JEFF-3.1 decay data, improved calculation of
uncertainties in the yields, improved adjustment to the physical constraints and the inclusion of new
ternary yield data for *H and *He from Serot, Wagemans, et al. [16].

Proton special-purposelibrary

The proton specia purpose library consists of 26 evaluated isotopes. The data are based primarily
on atheoretical analysis with the nuclear model code TALY S [17]. The nuclear model parameters of
TALY S have been adjusted to reproduce the existing experimental data. For several materials that are
of key importance to transmutation programs (ADS), valuable experimental data was provided by the
EU FP5 HINDAS project. Together, this results in data files that provide a complete representation of
nuclear data needed for transport, damage, heating, radioactivity and shielding applications over the
incident proton energy range from 1 to 200 MeV. This collection of isotopic evaluations is created by
running TALY Swith input parametersthat do not, or only slightly, deviate from the default values.

These isotopic evaluations are thus of comparable quality. The same set of nuclear modelsis used
and, equaly important, the same ENDF-6 formatting procedures for each isotope. These data files are
complete in their description of reaction channels, and use a compact method to store the data.

All transport data for particles, photons and residual nuclides are filed using a combination of
MF=1, MF=3 and MF=6. This includes cross-sections, angular distributions, double-differential spectra,
photon production cross-sections, and residual production (activation) cross-sections. These evaluations
can thus be used as both transport and activation libraries.

The files have been checked by the BNL checking codes CHECKR, FIZCON and PSY CHE and
have been successfully processed into an MCNP library by the processing code NJOY .
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