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Safety Risk Assessment of Mobile Microreactor Transportation
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(China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

ABSTRACT: In view of the fact that the current R&D level of mobile microreactor cannot meet the requirements of the
GB11806-2019 "Regulations for the Safe Transport of Radioactive Materials", the work aims to study the transportation
safety of mobile microreactor by means of risk assessment. The risk assessment mainly included calculating the
probability and consequences of extreme accidents encountered by the mobile microreactor during transportation, and the
types of accidents that the mobile microreactor might encounter during transportation were sorted out according to the
relevant requirements of 10CFR71 and §12 of the United States. The collision with the tanker truck with the most serious
accident consequences was taken as the extreme hypothetical accident and the accident consequences of the mobile
microreactor with a hypothetical heat power of 20 MWt under a hypothetical accident were calculated by the method of
five-factor formula. The hypothetical accident probability of the mobile microreactor was 9.7x10 %/year under the
condition of annual transportation, and the irradiation dose to the workers under the hypothetical accident after the

microreactor was cooled for one year was 810 mSv. After 5 years of cooling, the radiation dose to the workers under a
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hypothetical accident was 590 mSv. The consequences of the mobile microreactor under the hypothetical accident far

exceed the irradiation dose limits for workers in SSG-26 Advisory Material for the IAEA Regulations for the Safe

Transport of Radioactive Material and the GB 18871—2002 "Safety Standard for Protection against Ionizing Radiation

and Radiation Sources". Moreover, the probability of hypothetical accidents does not meet China's nuclear safety

guidelines screening requirement of 107'/year for beyond design basis accidents. Therefore, it is necessary to take

management measures, including armed escort and route planning, during the transportation of mobile microreactors, to

reduce the probability of hypothetical accidents, and to take corresponding emergency measures to mitigate the accident

consequences of hypothetical accidents to meet the regulatory requirements of the nuclear safety authorities.
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Tab.1 Distribution of radionuclide sources in

mobile microreactors

WA E EHERE 1 45/GBq  (EHERH 5 4E/GBq
Ag-110 2.15%x10? 3.74x10°
Ag-110m 1.58x10* 2.75%10?
Am-241 5.74x10° 1.78x10*
Am-242 1.45%102 1.42x102
Am-242m 1.46x10? 1.43x10?
Am-243 3.29x10° 3.29x10°
Ba-137m 3.16x10° 2.89x10°
Cd-113m 5.85x10° 4.77%10°
Ce-144 1.26x107 3.61x10°
Cm-242 1.96x10° 5.11x10?
Cm-243 3.03x10? 2.75%10?
Cm-244 4.66x10* 4.00x10*
Cm-245 5.22x10° 5.22x10°
Cs-134 2.88x10° 7.55%10°
Cs-135 2.32x10! 2.32x10!
Cs-137 3.34x10° 3.05%10°
Eu-152 1.92x10? 1.57x10?
Eu-154 1.14x10° 8.25x10*
Eu-155 6.36x10* 3.56x10*
H-3 1.40x10* 1.12x10*
Kr-85 3.37x10° 2.60x10°
Nb-93m 7.84x10° 1.68x10"
Np-237 8.95%10° 8.95%10°
Np-239 3.29x10? 3.29x10?
Pa-233 8.92x10° 8.99x10°
Pm-147 4.44x10° 1.54x10°
Pr-144 1.26x107 3.61x10°
Pr-144m 1.21x10° 3.46x10°
Pu-238 8.03x10* 7.84x10*
Pu-239 4.48x10° 4.48x10°
Pu-240 6.66x10° 6.66x10°
Pu-241 2.08x10° 1.71x10°
Pu-242 4.11x10" 4.11x10"
Rh-106 3.96x10° 2.59x10°
Ru-106 3.96x10° 2.60x10°
Sb-125 1.42x10° 5.18x10*
Sb-126m 5.77x10° 5.77x10°
Sm-151 1.28x10* 1.24x10*
Sn-119m 1.51x10° 4.81x10"
Sn-121 3.77x10% 3.53%10%
Sn-121m 4.85x10° 4.55x10°
Sn-126 5.77x10° 5.77x10°
Sr-90 2.85x10° 2.59x10°
Tc-99 4.66x10° 4.66x10°
Te-125m 3.46x10* 1.27x10*
U-236 1.34x10" 1.34x10
U-237 5.11x10" 4.18x10!
Y-90 2.86x10° 2.60x10°
Zr-93 6.59x10" 6.59x10
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| Sensitivity |

= Default

| Sowce | Buildup | Integration | Title
Library : Grove

Ihecqa.mels] K Cifcm3 I Bg/cm3

Dimension Materials

* Standard Indices
" Linear Energy
" Logarithmic

MNuclide curies

. Aq110 |2.0000e-003 7.4000e+001 50026e-012 1.8509¢-007 Ext
" Exponential Aq-110m |1.4700e-007 5 4390e+003 3 6769¢-010 1 36045-005 Source
Am241 |5.3300e-008 1.9721e+003 1.3332¢-010 4.9328¢-006

Am-247 |1.3500e-003 4.9950e+001 3.3767e-012 1.2434e-007

- ocwee lnfowce Am-242m |1.3500e-009 4.9950e+001 3.3767e-012 1.2494e-007
¢ User Defined Am-243_|3.0500e-003 1 1285+002 7 6289¢-0112 |2 82276-007
User Defined at Ba-137m |2.9300e-005 1.0841e+006 7.3288¢-008 2.7116e-003
Standard Indices Cd-113m |5.4300e-011 2.0091e+000 1.3582¢-013 5.0253e-009
Ce-144__|1.1700-004 4.3290e+006 2.9265¢-007 1.0828¢-002
Cm-242 _|1.82006-006 6 7340e+004 4 5523¢-003 1 6844¢-004
Cm-243_|2.8100e-009 1.0397e+002 7.0286e-012 2 6006e-007
Cm-244_|4.3200e-007 1.5984+004 1.0806e-009  3.9981e-005

# Automatic Groups

Lower Energy Cutoff
Cm-245 |4.8400e-011 1.7908e+000 1.2106e-013 4.4793e-009

il Cs-134 |2 6700e-005 9 8790e+005 6.6784e-008 2 4710e-003

& Include Photons Cs-135 |2 1500e-010 7.9550e+000 5 3778e-013 1.9898e-008

Below 0.015 MeV Cs-137 _ |3.1000e-005 1.1470e+006 7.7540e-008 2.8690e-003

~ Exclude Photons Eu-152 |1.7800e-009 6.5860e+001 4.4523e-012 1.6473e-007

Below 0.015 MeV Eu-154 |1.0600e-006 3.9220e+004 2.6514e-009 9.8100e-005
Zlick on "Muclides’ to add Eu-155 |5.9000e-007 2 1830e+004 1 4758e-009 5 4603e-005 —

wiclides. H-3 1.2600e+000 4.6620e+010 3.1516e-003 1.16671e+002

Er-85 3.0400e+001 1.1248e+012 7.6039e-002 2.8134e+003
Mb-93m_|7.2700e-011 2.6839e+000 1.8184e-013 6.7282e-003
Hp-237 |8.3000e-011 3.0710e+000 2 0761e-013 7 6814e-009
Mp-239 |3.0500e-009 1.1285%e+002 7.628%-012 2.8227e-007
Pa-233 |8.2800e-011 3.0636e+000 2.0711e-013 | 7.6629e-009
Pm-147 |4.1200e-005 1.5244e+006 1.0305¢-007 3.8130e-003
Pr-144 1.1700e-004 4 3290e+006 2 9265e-007 1.0828e-002
Pr-144m_|1.1200e-006 4.1440e+004 2.80142-009 1.0365e-004
Pu-238 |7.4500e-007 2.7565e+004 1.8635e-009 6.8948e-005
Pu-239  |4.1600e-008 1.5392e+003 1.0405e-010  3.8500e-006 ~

2 S a2 R I

Fig.2 Radioactive sources in the initial moment of the accident
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Tab.3 External exposure to workers after
hypothetical accident
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