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1. Introduction

In recent years, the DIS method has been
increasingly used as an alternative to the R2S method
for accurately performing activation analyses of
complex large-scale radiation facilities. KAERI is
developing a D1S-based activation analysis system to
perform shutdown dose rate (SDDR) calculations for
complex fusion facilities. This system consists of an
ACE-format neutron library generation system for the
DIS code and an MCNP6[1]-based DI1S activation
analysis code.

Currently, the DISUNED code[2] is used for
activation analyses of ITER, and its embedded DIS
neutron library was produced based on FENDL-3.1d[3]
and EAF-2007[4] nuclear data. In this study, to validate
the developed DI1S library generation system, a DIS
library was generated using the same nuclear data files
as those used in DISUNED. SDDR calculations were
performed for major structural material nuclides, such
as Cr, Mn, Fe, Co, Ni, and Ta, and the results were
compared with those obtained using the embedded
DISUNED library. The DISUNED-3.1.2 code was
used to perform the SDDR calculations.

2. D1S Activation Analysis System

The DIS activation analysis system established in

this study consists of three components, as shown in Fig.

1: an ACE library generation system for D1S codes, a
time correction factor calculation program to account
for neutron irradiation and cooling scenarios, and an
MCNP6-based D1S code.
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Fig. 1. Overview of the D18 activation analysis system.

As illustrated in Fig. 2, neutron activation cross
section files, decay data files, and ACE-format libraries
for MCNP are used as inputs for the generation of the
DIS library. The DIS library generation program
produces a DIS library by replacing the neutron
reaction cross sections and prompt gamma-ray data in

the given ACE files with neutron activation cross
sections and decay gamma-ray data. This approach
differs from that of DISUNED, which modifies the
ENDF files themselves to include neutron activation
cross sections and decay gamma-ray data, and then
processes them with the NJOY code[5] to produce an
ACE-format library for the D1S code.
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Fig. 2. Overview of the ACE library generation system for the
D1S code.

The D1ISKNN31d library produced in this study using
FENDL-3.1d and EAF-2007 contains 81 nuclides,
which is a significant increase compared to the 68
nuclides included in the embedded library (DISDATA)
of DISUNED version 3.1.2.

3. Shutdown Dose Rate Calculations

A validation problem was established to validate the
DIS library on a nuclide-by-nuclide basis. As shown in
Fig. 3, it has the same geometry as Test Problem #1
among the test problems included in the DISUNED
code, and Cells 2 and 3 are filled with the target
nuclides for wvalidation in their natural isotopic
compositions.
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Fig. 3. Geometry and tally cell of the D1S library validation
problem.
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First, validation calculations of the DISKNN31d
library were performed for major structural material
nuclides that have a relatively significant impact on
SDDR, namely Cr, Mn, Fe, Co, Ni, and Ta. From these
calculations, the SDDR in the tally cells, the dose
contribution from the parent nuclides, the dose
contribution from daughter nuclides, and the dose
contribution from each geometric cell were obtained
after cooling times of 1 day and 12 days. The results
were then compared with those obtained using the
DISDATA library.

Figures 4 to 9 show the SDDR calculation results in
the tally cells for Cr, Mn, Fe, Co, Ni, and Ta,
respectively. Overall, the two libraries show almost
identical calculation results. Although relative errors
exceeding 1% are observed in some cases with very
small SDDR values, these discrepancies can be resolved
by increasing the Monte Carlo simulation time.
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Fig. 4. SDDR validation results in the tally cells for the Cr
D1S library.
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Fig. 5. SDDR validation results in the tally cells for the Mn
D1S library.
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Fig. 6. SDDR validation results in the tally cells for the Fe
D1S library.
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Fig. 7. SDDR validation results in the tally cells for the Co
D1S library.
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Fig. 8. SDDR validation results in the tally cells for the Ni
DIS library.
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Fig. 9. SDDR validation results in the tally cells for the Ta
DIS library.

4. Summary

In this study, an ACE-format neutron library
generation system for the D1S code was developed and
validated using SDDR calculations. The D1ISKNN31d
library was generated using FENDL-3.1d and EAF-
2007 nuclear data and was designed to be compatible
with the MCNP-based D1S activation analysis system.

To verify the reliability of the developed library
generation system, nuclide-by-nuclide validation
calculations were performed for major structural
material nuclides, including Cr, Mn, Fe, Co, Ni, and Ta,
using a validation problem based on the DISUNED
Test Problem #1 geometry. The calculated SDDR
values and dose contributions from parent and daughter
nuclides were compared with those obtained using the
embedded DISUNED (D1SDATA) library.

The comparison results demonstrated that the
DISKNN31d library produces nearly identical SDDR
results to those obtained with the DISUNED embedded
library. Minor discrepancies observed in very low
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SDDR values were attributed to statistical uncertainties
in the Monte Carlo simulations and can be reduced by
increasing the simulation time.

These results confirm the validity and reliability of
the developed ACE-format neutron library generation
system for D1S-based SDDR analyses. The developed
system can therefore serve as an independent and
flexible platform for activation analysis of complex
fusion facilities.
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