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1. Introduction

Transportable Micro Reactors (TMRs) have been
investigated as a flexible power generation option for
meeting regional and remote electricity demands. In
particular, TMR concepts based on Molten Salt Reactor
(MSR) technology offer advantages in terms of
compactness and mobility.[1][2] During reactor
operation, internal structural components are
continuously exposed to neutron irradiation, resulting in
material activation. Therefore, the residual radiation field
from activated structures must be evaluated to ensure
radiological safety during transport.[3]

In a previous study, the activation characteristics and
post-shutdown dose rates of a TMR were evaluated using
an MCNP-ORIGEN-S coupled methodology.[4] As the
TMR design was further developed, the computational
model was refined to more detailed representation of the
updated geometry and individual internal structural
components. Accordingly, the number of SS316L
structural cells considered in the activation analysis was
increased from 64 in the previous model to 89 in the
present model. The same calculation methodology was
used to evaluate the effect of the refined geometric
representation on the radiological characteristics of the
reactor internal structure.

The fuel salt is assumed to be completely drained and
stored separately after shutdown. Therefore, the analysis
focuses on gamma radiation from activated SS316L-
based structures. Neutron fluxes calculated by MCNP are
used in ORIGEN-S to determine activation isotopes and
gamma-ray source terms, which are subsequently
employed in MCNP dose calculations. The objective of
this study is to evaluate the post-shutdown radiological
characteristics of the refined TMR model and assess its
implications for transport safety.

2. Methodology and computational analysis

The radiological assessment is performed using a
coupled MCNP-SCALE calculation framework. MCNP
is used to determine the neutron flux in the reactor core
and surrounding structural components with KCODE
calculation. The calculated neutron flux is then applied
to SCALE-COUPLE to generate problem dependent
cross sections for the ORIGEN activation analysis.
ORIGEN calculates the time dependent isotope and
gamma-ray source terms of the activated structures.
These gamma-ray source terms are used as fixed sources

in a secondary MCNP calculation to evaluate shutdown
dose rates at selected surfaces and locations.

2.1 Neutron flux characterization

The MCNP code, developed by Los Alamos National
Laboratory, was used to calculate the neutron flux during
reactor operation.[5] A refined three-dimensional TMR
model was developed to provide a more detailed
representation of the reactor core, internal structures, and
surrounding components. Compared with the previous
model, the refined geometry more explicitly represents
individual structural components while retaining the cell-
averaged flux approach for activation calculations. Cell-
averaged neutron fluxes were calculated for each
SS316L structural component to maintain computational
efficiency and adequate statistical convergence. The
resulting neutron flux values were subsequently used as
input for the ORIGEN-S activation analysis.
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Fig. 1. Neutron flux distributions of the previous (a) and
refined (b) TMR models during reactor operation at Z =0

Figure 1 presents the refined TMR computational
model and the corresponding neutron flux distribution
during reactor operation. The neutron mesh flux
distribution was calculated with a spatial resolution of 1
cm to visualize the neutron field throughout the reactor
system. For the activation analysis, cell-averaged
neutron fluxes were obtained using the F4 tally.

The TMR was assumed to operate at a thermal power
of 1.5 MWth for 20 years. As part of the geometric
refinement, the number of SS316L structural cells
considered for activation analysis was increased from 64
in the previous model to 89 in the refined model. This
expansion provides a more detailed representation of the
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individual internal structures while maintaining the cell-
averaged flux methodology. The neutron flux calculated
for each of the 89 structural cells was used as input for
the activation calculations.

composition used in the calculation is summarized in
Table I1.

Table II. Mass composition of SS316L

Nuclide | Composition mass ratio

Table 1. Calculated neutron flux for each cell C 0.08%

1.5 MWth, 20 Year, 1.5 MWth, 20 Year, Mn 2.00%

64 Cells 89 Cells P 0.05%

can [ N car [N ] 0o

. 0

Number (#/em2) Number (#/em?2) Cr 17.00%

84 2.89E+09 84 2.35E+09 Ni 12.00%

94 2.88E+09 94 2.43E+09 Mo 2.50%

47 4.52E+09 47 5.93E+09 Fe 65.35%

77 4.72E+09 77 6.77E+09

Based on the SS316L composition summarized in
849 2 49E+08 110 2.01E+13 Table II, activation calculations were performed for each
852 2 60E-+08 23 3 49E+13 of the 89 structural cells using the corresponding cell
855 2 69E+08 63 1.63E+13 mass and neutron flux. The mass of each cell was
358 > 12E408 o4 | 85E+14 determined from its geometric volume, while the cell-

Table 1 compares the cell-averaged neutron fluxes
used for the ORIGEN-S activation analysis in the
previous model and the refined model. The refinement of
the reactor geometry increased the number of SS316L
cells considered in the activation analysis from 64 to 89,
reflecting the addition and removal of structural
components in accordance with the updated
configuration. In particular, SS316L components located
within the core, which had been excluded from the
previous analysis under the assumption that they were
sufficiently shielded by the reflector materials, were
newly included in the refined model. As a result of these
geometric modifications, changes in neutron flux were
also observed for cells retained from the previous model.
The highest neutron fluxes were calculated in the
SS316L canning and piping components located within
the reactor core.

2.2 Activation analysis and source term derivation

The activation analysis was performed using the
SCALE COUPLE and ORIGEN modules following the
methodology adopted in the previous study.[4,6] Cell-
averaged neutron fluxes obtained from the refined
MCNP model were used to determine the activation of
the SS316L structural components. A representative
238-group neutron spectrum from the SS316L structures
near the inner side of the reflector was used in COUPLE
to generate problem-dependent cross sections for the
ORIGEN calculations.

In the refined model, the activation calculation was
extended to the 89 SS316L structural cells identified in
the updated reactor geometry. For each cell, the
corresponding neutron flux and structural mass were
used to calculate the time-dependent radionuclide
inventory and gamma-ray source term. The SS316L

averaged neutron flux was obtained from the refined
MCNP model. ORIGEN-S was then used to calculate the
time-dependent radionuclide inventory and gamma-ray
source term over the specified cooling periods.

The resulting gamma-ray spectrum and source
strength were determined individually for each structural
cell. These cell-specific source terms were subsequently
incorporated into the MCNP transport model, preserving
the spatial distribution of activated structures in the
refined geometry for the post-shutdown dose assessment.

2.3 Surface gamma dose calculation with MCNP

The gamma-ray source terms calculated by ORIGEN-
S were used as fixed sources in a subsequent MCNP
transport calculation to evaluate post-shutdown dose
rates. In the refined model, the gamma-ray spectrum and
source strength calculated for each of the 89 activated
SS316L cells were assigned to their corresponding
locations in the MCNP geometry, thereby preserving the
spatial distribution of the activated structures.

The dose assessment focused on the area-averaged
dose rates at the lateral surfaces of the outer transport
container. The calculated gamma fluxes were converted
to dose rates using the ICRP-74 flux-to-dose conversion
factors. The source strengths obtained from the
ORIGEN-S activation calculations were applied to
determine the shutdown dose rates.

3. Evaluation of Induced Radioactivity and Surface
Dose Rates

The surface dose rates were evaluated using the
computational methodology described in Section 2.
Considering the mobility and deployment requirements
of the TMR, a cooling period of 1 day after reactor
shutdown was selected as the reference condition for the
dose assessment.



Transactions of the Korean Nuclear Society Autumn Meeting
Gyeongju, Korea, October 29-30, 2026

Table III. Gamma Dose of 1.5MWth, 20 year condition
a) Previous Model

Surface Dose(mSv/h)
1 Day
1 2.59E+00
2 2.61E+00
3 3.10E-01
4 3.39E+00
b) Refined Model
Surface Dose(mSv/h)
1 Day
1 1.05E+01
2 9.35E+00
3 5.36E-01
4 2.42E+00

Table III compares the calculated surface dose rates for
the previous and refined models under the operating
condition of 1.5 MWth for 20 years. The refined model
shows a substantial change in the predicted surface dose
distribution. The dose rates at Surfaces 1 and 2 increased
from 2.59 and 2.61 mSv/h to 10.5 and 9.35 mSv/h,
respectively, while the dose rate at Surface 3 increased
from 0.310 to 0.536 mSv/h. In contrast, the dose rate at
Surface 4 decreased from 3.39 to 2.42 mSv/h. Compared
with the transport dose criterion of 10 mSv/h[7,8], the
maximum dose rate of 10.5 mSv/h at Surface 1 slightly
exceeded the criterion, whereas the dose rates at the other
three surfaces remained below the limit.

The increase in surface dose rates is primarily attributed
to the SS316L canning and piping components located
within the reactor core, which were excluded from the
previous activation analysis based on the assumption that
they were sufficiently shielded by the reflector. In the
refined model, these components were explicitly
included in the activation calculation and exhibited
relatively high neutron fluxes, resulting in significant
gamma-ray source terms after reactor shutdown.

Consequently, the inclusion of these previously
neglected activated structures substantially changed both
the magnitude and spatial distribution of the calculated
dose rates. The decrease observed at Surface 4 indicates
that the geometric refinement also affects gamma-ray
transport and attenuation, in addition to changes in the
activation source distribution. Since the maximum dose
rate after a 1-day cooling period slightly exceeded the 10
mSv/h criterion, a longer cooling period may be required
before transport to ensure compliance with the dose
criterion.

4. Conclusion

This study evaluated the radiological safety of a TMR
by assessing the shutdown surface dose rates resulting
from the activation of internal SS316L structures. Using
an MCNP-ORIGEN-S coupled framework, the
activation source terms and resulting radiation fields

were evaluated based on a refined reactor model. For a
conservative assessment, the neutron flux calculated
under fresh-fuel conditions was assumed to remain
constant throughout the 20-year operating period.

The refined model resulted in higher surface dose rates
than the previous model, primarily due to the inclusion
of SS316L canning and piping components located
within the reactor core that had previously been excluded
from the activation analysis. These components were
exposed to relatively high neutron fluxes and
consequently contributed significantly to the post-
shutdown gamma-ray source term. After a 1-day cooling
period, the maximum surface dose rate was calculated to
be 10.5 mSv/h at Surface 1, slightly exceeding the
transport criterion of 10 mSv/h. Therefore, the results
indicate that a cooling period longer than 1 day may be
required to satisfy the dose criterion prior to transport.
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