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ABSTRACT

Transportable Micro Reactors (TMRs) harness the advantages of Small Modular Reactors (SMRs) while
addressing the need for mobility and transient power supply. These factory-manufactured reactors can be quickly
installed and relocated, enhancing their practicality. This study evaluates radiation safety during transportation,
focusing on exposure from radioactive sources within the reactor vessel. While significant radiation from fission
products in the active core can be effectively shielded by the inner reflector, the induced radiation from surrounding
components requires careful assessment to ensure compliance with exposure limits for operators. Given the

constraints on the size and weight of the transport container, minimizing fast neutron leakage is crucial. Utilizing
OpenMC for depletion calculations, we identify six key isotopes—Cr-51, Fe-59, Mn-54, Mn-56, Co-58, and Co-
60—generated during a conservative operational scenario. Our findings indicate that maintaining surface doses
below 10 mSv/h requires fast neutron leakage from the inner surface of the reactor vessel to be under 1.0E+8/
cm?-sec. Therefore, optimizing core size and reflector thickness is essential for the effective design of TMRs without

the need for additional shielding.

Key Words : Transportable micro reactor(4-8 ©]5%d ¥YAR), Small modular reactor(Ahd REY YAR),
Molten salt reactor(-8-83 AR ), Activation(JAFS}H), radioactive source(FAFI )
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Fig. 1 Cross-sectional views of the conceptual design for a
transportable micro reactor: x-y and Xx-z sections.
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Table 1 Performance summary table for the target core

design
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Table 2 Evaluation results of fast neutron leakage according to the inlet and outlet pipe design
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Table 3 Summary of radioactive isotopes inventory results according to burnup

EFPD 2of| w2 S5 A TeHH]
(Day) Mn56 Crs1 FeS9 Co58 Mn54 Co60
1 1.08E+16 1.51E+16 3.02E+14 8.48E+17 3.06E+15 5.28E+15
15 1.17E+16 1.89E+17 4.51E+15 1.18E+19 4.43E+16 9.81E+16
48 1.15E+16 4.43E+17 1.17E+16 3.08E+19 1.32E+17 2.20E+17
100 1.34E+16 5.85E+17 1.45E+16 5.64E+19 2.87E+17 4.13E+17
200 1.27E+16 6.26E+17 1.87E+16 8.19E+19 545E+17 1.25E+18
300 1.18E+16 6.27E+17 2.06E+16 8.52E+19 6.96E+17 1.75E+18
400 1.17E+16 6.27E+17 2.25E+16 9.25E+19 8.89E+17 2.27E+18
500 9.93E+15 5.62E+17 2.15E+16 9.13E+19 9.80E+17 2.68E+18
600 1.05E+16 6.11E+17 1.92E+16 9.47E+19 1.12E+18 3.16E+18
700 1.17E+16 5.89E+17 1.78E+16 8.95E+19 1.13E+18 3.71E+18
800 1.04E+16 6.31E+17 2.15E+16 8.78E+19 1.15E+18 3.00E+18
900 1.21E+16 6.26E+17 1.71E+16 8.89E+19 1.23E+18 3.91E+18
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Table 5 Radioactive evaluation results of preliminary
design: Dose constraint requirements satisfied
through optimized reflector design
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e 100% &+ 50% =
Nojw ae | TLER AN | 14d @A

RV, 3% 5=[#] RV, 3% 4=[#]
Co58 2.83E+18 2.93E+18
Mn54 1.14E+16 1.15E+16
Fig. 3 Inventory variation diagram of radioactive isotopes Fes59 5 47E+14 5 79E+14
by depletion. Crsl 221E+16 242E+16
Co60 2.87E+16 2.88E+16
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Table 4 Inventory of radioactive isotopes in the reactor vessel based on power level and operational period variations at constant

burnup
- 100% &2 £ 50% =3 &4 25% &9 &4 100% 53 &4

A 4] 74 A A 14 24 A 28 &4 Al TR A b
RV, S5 AL (#] RV, S5 A Lef(#] RV, 3% AT | RV, 9% AmaH) [mSv/h]

Mn56 | 0.0003 2.68E+15 1.34E+15 6.71E+14 4.40E+15 75.92

Crs1 0.08 2.63E+16 2.42E+16 2.06E+16 252E+17 0.40

Fes9 0.12 6.10E+14 5.79E+14 5.22E+14 8.88E+15 027

Cos8 | 0.19 3.03E+18 2.93E+18 275E+18 3.74E+19 653.50

Mns4 | 0.85 1.I6E+16 LISE+16 LI3E+16 5.81E+17 1.91

Co60 | 527 2.88E+16 2.88E+16 2.87E+16 3.71E+18 5.38
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Table 6 Reduction of radioactive isotopes inventory in reactor vessel considering cooling time
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Mn54 0.85 1.16E+16 1.14E+16 2.21E+16 2.18E+16
Fe59 0.12 6.10E+14 5.47E+14 1.05E+15 9.42E+14
Cr51 0.08 2.63E+16 2.21E+16 3.75E+16 3.15E+16
Co60 5.27 2.88E+16 2.87E+16 4.69E+16 4.68E+16

Table 7 Radioactive evaluation results of preliminary design: Dose constraint requirements satistied through optimized reflector

design
Salt-BeO-YH, 5-B,C-RV (34/50/5/5/2.5)
Zhutadzg %
7)o} 20] sz SA £8 ARV, Zrapder Surfacejcurrent
B2 A TF[H] [mSv/h] [#/cm™sec]

2 Mn56 9.18E+13 1.58

5 Cr51 5.30E+15 0.01

4 Fe59 6.50E+14 0.02 7.98E+7 1.33E+8
1 Co58 2.00E+17 3.49 (sH) E9)
3 Mn54 1.97E+17 0.65

6 Co60 5.13E+15 0.01
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