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Abstract. Nuclear data consists of measured or evaluated probabilities of various fundamental physical interactions
involving the nuclei of atoms and their properties. Most fluoride salt-cooled high-temperature reactor (FHR) studies that
were reviewed do not give detailed information on the data libraries used in their assessments. Therefore, the main
objective of this data libraries comparison study is to investigate whether there are any significant discrepancies between
main data libraries, namely ENDF/B-VII, JEFF-3.1 and JEF-2.2. Knowing the discrepancies, especially its magnitude, is
important and relevant for readers as to whether further cautions are necessary for any future verification or validation
processes when modelling an FHR. The study is performed using AMEC’s reactor physics software tool, WIMS. The
WIMS calculation is simply a 2-D infinite lattice of fuel assembly calculation. The comparison between the data libraries
in terms of infinite multiplication factor, k;,, and pin power map are presented. Results show that the discrepancy between
JEFF-3.1 and ENDF/B-VII libraries is reasonably small but increases as the fuel depletes due to the data libraries
uncertainties that are accumulated at each burnup step. Additionally, there are large discrepancies between JEF-2.2 and
ENDF/B-VII because of the inadequacy of the JEF-2.2 library.

INTRODUCTION

Nuclear data is widely used in various energy applications such as fission reactor design, nuclear fuel cycles,
nuclear safety and waste disposal and many others as it stores important information on cross sections, half-lives, y-
rays from radionuclides, decay modes and decay radiation properties. Additionally, it has also been used for non-
energy applications, including production of radioisotopes for medical and industrial applications, radiation safety,
cancer radiotherapy and many more. The nuclear data is gathered and compiled into various data libraries.
International Atomic Energy Agency (IAEA) plays important roles in handling about 100 nuclear data libraries and
giving convenient access to this global collection of nuclear data libraries'. Under IAEA monitoring, an international
network to coordinate the worldwide collection, compilation and distribution of nuclear reaction data was
established. This international collaboration is known as the Nuclear Reaction Data Centres Network (NRDC),
forming a worldwide cooperation of nuclear data centres. Core centres are the US National Nuclear Data Center at
the Brookhaven National Laboratory, OECD NEA Data Bank in France, [AEA Nuclear Data Section in Austria and
Russian Nuclear Data Center in Obninsk [2].

Some examples of the frequently used data libraries are the Europe Joint Evaluated Fission and Fusion File
(JEFF) and the US Evaluated Nuclear Data File (ENDF/B). The JEFF library is an evaluated library created through
a collaboration between NEA Data Bank member countries, joining the efforts of the JEFF and EFF/EAF (European
Fusion File/European Activation File) working groups in order to create a common sets of evaluated nuclear data,
not only for fission but also for fusion applications. For ENDF/B, the library is produced via collaboration of the
national laboratories, industry, and universities in the United States and Canada, under the auspices of the Cross
Section Evaluation Working Group (CSEWG). These general purpose libraries basically contain neutron reaction
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data, thermal neutron scattering law data, and incident proton data for transport calculations, as well as special
purpose files with radioactive decay data, fission yields data, and activation data [3].

Data libraries that are available to use in our local repository are JEFF-3.1, JEF-2.2 and ENDF/B-VII.
Historically, the JEF-2.2 was released in 1992 [4] and since then, continuous improvement of the library has been
carried out. From experimental validation of the JEF-2.2 library and based from the feedback provided by
evaluators, a much improved JEFF-3.0 data library with ENDF-6 format was available in April 2002 [5] and later
JEFF-3.1 was released in May 2005 [6]. The most used JEFF library is the updated JEFF-3.1.1 (released in 2007). It
is commonly used for PWR and BWR calculations as well as used in ERANOS2 for Generation IV reactor designs.
It has also been extensively validated for fast breeder reactors. A slightly improved JEFF-3.1.2 library was released
in February 2012 with an updated neutron file and identical sublibraries to JEFF-3.1.1 [7]. It is also important to
note, although not being used in the study here, the latest JEFF library is JEFF-3.2 as it was released on March 5,
2014. The ENDF/B-VII was first released in 2006. The ENDF/B library was typically used by researchers in the
United States. On 22™ December 2011, an updated ENDF/B-VII.1 library was released. This latest ENDF/B library
has new fission product yields and greatly expanded decay data and neutron sublibraries [8].

We choose ENDF/B-VII as our main cross sections library instead of JEFF-3.1 or JEF-2.2, because it is the latest
version of all our available data libraries. Majority of reviewed fluoride salt-cooled high-temperature reactor (FHR)
studies, including the Small modular Advanced High-Temperature Reactor (SmAHTR) pre-conceptual report [9], do
not provide sufficient details on the data libraries used in their analyses. Only few of them clearly explain the data
libraries used such as Ingersoll et al. [10], Clarno et al. [11] and Szakaly et al. [12] in their Liquid-Salt-Cooled Very
High-Temperature Reactor (LS-VHTR) studies. They used ENDEF/B-VI instead of ENDF/B-VII for their
assessments, which might be because ENDF/B-VII was relatively new at the time and ENDF/B-VI had been widely
used before. Most importantly, ENDF/B-VII is primarily chosen because many studies related to FHR (or AHTR,
LS-VHTR) originate from the United States and highly likely their analyses are based on ENDF/B data libraries.
Thus, it has been extremely useful for us to perform validation and verification processes against other FHR studies,
which are mostly carried out by FHR researchers at Oak Ridge National Laboratory (ORNL), Idaho National
Laboratory (INL), Massachusetts Institute of Technology (MIT) and University of California Berkeley (UCB).

Even though ENDF/B-VII has been commonly selected as the main library for FHR analysis, the main objective
of this data libraries comparison study is to investigate whether there are any significant discrepancies between data
libraries. Knowing the discrepancies, especially their magnitudes, is important and relevant for us and the readers as
to whether further cautions are necessary for any future verification or validation processes. For example, if the
discrepancies are extremely large, one might need to ensure results are taken with attentiveness when comparing our
results with other analyses or experiments. Whereas, if the discrepancies are extremely small, they can be simply
neglected and the results can be safely accepted.

METHOD

A small FHR pin-type fuel assembly design is taken from the SmAHTR study [9][13] as shown in Figure 1. The
fuel assembly design with 19.75 wt.% UQO, fuels is run with a 172-group calculation in WIMS with the JEF-2.2,
JEFF-3.1 and ENDF/B-VII data libraries. WIMS is a reactor physics software tool developed by ANSWERS, Amec
Foster Wheeler. It is a deterministic code that can solve problems such as fuel depletion analysis and multiplication
factor, k, calculations'. The WIMS calculation is simply a 2-D infinite lattice of fuel assembly calculation. The
comparison between the data libraries in terms of infinite multiplication factor, k;, and power map are presented in
the Results and Discussion section.
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FIGURE 1. SmAHTR fuel assembly design with cylindrical fuel pins [13].

RESULTS AND DISCUSSION

Figures 2 and 3 show the comparison of infinite multiplication factor, k;,r and power map between the data
libraries, respectively. The differences in k;,rand power map are calculated relative to ENDF/B-VIL
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FIGURE 2. (Left) Infinite multiplication factor, ;,,, for three different data libraries and (right) the difference in reactivity with
respect to ENDF/B-VIIL.
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FIGURE 3. Percentage difference of normalised pin power map relative to ENDF/B-VII in a 1/6™ of a fuel assembly. Black
boxes represent the graphite pins.

Larger discrepancies are observed between the JEF-2.2 and ENDF/B-VII, as the JEF-2.2 overestimates the
infinite multiplication factor of the system, &, by 971 pcm at BOL. On average, the difference is approximately
850.34 pcm throughout the cycle period, which is relatively high and undesirable. This large discrepancy may be
due to the fact that the JEF-2.2 is an old and obsolete data library for fluoride salt coolant. As a result, very large
discrepancies are found. In addition, The ENDF/B-VII data library includes the reaction chain [15] for °Li to capture
neutrons and to create *H, then for *H to decay to *He. This chain was not present in earlier libraries such as JEF-2.2
[16]. Hence, Li depletion is not taken into account in the JEF-2.2 run as it assumes the unchanged presence of °Li
that may add negative reactivity. Consequently, it can be observed that the difference between the JEF-2.2 and
ENDEF/B-VII gradually decreases during fuel depletion because in the JEF-2.2 run, the undepleted °Li provides
negative reactivity. Whereas, in the ENDF/B-VII run, positive reactivity is achieved because of the depletion of °Li.

The JEFF-3.1 library, on the other hand, tends to slightly underestimate the k;,, in comparison to ENDF/B-VII,
but still agrees relatively well with a very small difference, approximately —10 pcm at BOL. But caution needs to be
taken when using the results at higher burnup steps as the reactivity difference gradually increases up to —417 pcm
(average difference is —122 pcm). These increased discrepancies between JEFF-3.1 and ENDF/B-VII data libraries
during burnup are expected as they may be contributed by the data library uncertainties. Any uncertainties will
propagate through depletion steps in a manner that is difficult to predict. In regard to the power map comparison at
BOL, all libraries tend to agree with very small percentage differences, approximately less than 0.17% relative to the
ENDEF/B-VIIL. The JEFF-3.1 data clearly has the closest match to the ENDF/B-VII with even smaller percentage
difference, which is less than 0.11%.

CONCLUSION

Results obtained from JEFF-3.1 and ENDF/B-VII libraries are generally in a good agreement, in which at BOL,
the difference in k;,, is —10 pcm. Additionally, the average reactivity difference throughout the burnup period is
approximately —122 pem. In regard to normalised power, the percentage difference is extremely small, which is less
than 0.11%. The discrepancy between JEFF-3.1 and ENDF/B-VII libraries, however, increases as the fuel depletes
due to the data libraries uncertainties that are accumulated at each burnup step. On the other hand, there are large
discrepancies between JEF-2.2 and ENDF/B-VII because of the inadequacy of the JEF-2.2 library, as it is missing
the °Li (n,a) and (n,p) reactions. Thus, the use of JEF-2.2 is not highly recommended when performing a neutronic
analysis on FHRs.
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