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This study presents a quantitative fire risk assessment framework for MSR—based container ships, addressing the combined
hazards of structural damage and radiation release unique to molten salt reactors, Major fire causes were identified through
maritime accident statistics, with scenarios developed via Event Tree Analysis and uncertainties evaluated using Monte Carlo
simulations, CFD—based fire modeling revealed that ultrafast electrical fires pose the greatest structural risk, with potential
long—term thermal fatigue in MSR shielding walls and carbon steel bulkheads, The findings provide a foundation for future MSR
ship design and safety standards,
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Table 1 A.491(XIl) vs. ABS 2024 Fire Safety Standards

Category A.491(XII) ABS 2024
Application Nuclear Merchant Marine Nuclear Power

bp Ship Systems
Reactor PWR-based ships Var|ou§ reactor types

type included

Integrated safety

Design focused on objectives linked to

Core minimizing fire and SOLAS, risk—based
concept ) . )
explosion impacts design and system
redundancy
Updated standard
Characteri| Baseline standard reflecting recent

stics adopted in 1981 technologies and

regulations
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Fig. 1 Fire occurrence probability by accident cause

Table 2 IMO FSA severity index

Sl Severity Effects on ship

1 Minor Local equipment damage
2 Significant Non-severe ship damage
3 Severe Severe damage

4 Catastrophic Total loss
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Fig. 2 Frequency-Risk level curve for 7 main causes of
ship fires

4) M= |j|§0| 7P = LR

EESE 2t Ala1e| AsF =F2 HoksP| 2Isl Table 22+ 20|
IMO FSA(Formal Safety Assessment)oilA] &olsh AlZEE(S,
Severity Index) 7|== @‘EOF"'EF S 7IE2 MA &A YT
£ HIZOR 1CH|(Fa 2| &) FH 4CH|(MA e M)
O|27|7X| & 4°HA 2 —_rLMEII:} o33t 7|z HIEeZ cke
ghY I ofat AZIEIR| HIdEH S6F /T HIEE 3
St

Fig. 2= IMO GISIS(1995-2023)0|M =Rl=!l 142719 M4t 5}

M AL EOME flelEz MERSIL, IMO FSA AZH=(S)) 7|

E2 HMgslo] 4ok Sl pESR TR Fujolct

—_
N

CHSt=MSHE| =2 %! H|633 AMiS 20264 2¢



Table 3 Frequency of initiating events

Accident scenario (péfzs;nzlse:r?q(fn%ﬁ
Fuel/Engine system 1.63
Electrical system 1.1
Smoking/Human error 0.317
Mechanical failure 0.198
External fire transmission 0.0793
Collision/Training incident 0.0396
Other/unknown 2.26
Total 5.63
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Table 4 Risk level-based fire accident frequency by cause
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2.4 Event Tree Analysis
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Risk : o T Other/Unknown| Total
level system system Human error failure transmission |Training incident (x 1079) (x 107)
(x 10 | (x 10 (x 107 (x 107 (x 107 (x 107
1 5.55 2.77 0.40 0.39 0 0.39 6.34 15.9
2 5.55 1.98 1.19 1.59 0.79 3.96 15.1
3 1.59 1.98 0.40 0 0 0 2.77 6.74
4 3.57 4.36 1.19 0 0 0 9.51 18.6

JSNAK, Vol, 63, No. 1, February 2026

13



SESYAUXZ ZHo[HM THLS 2|5t SRiER0! B
Table 5 Probability of each factor ) -
— 25 =Detection success probability
Contents PrObablllty =Initial suppression success probability
F' d i t SUCCGSS 095 20 =Initial suppression success probability (after detection failure)
Ire aetection - : h
Fallure 005 - F!regrowt ra'te(Fast) -
- Final suppression success probability (Fast)
Success O 94 '5 =Final suppression success probability (Ultrafast)
(after successful detection) ' g 10
. o
Failure 0.06 .
Initial fire (after successful detection) ‘ /\
suppression Success 090 0 s
(after detection failure) ' ° 0;2 0,4 06 08 1 12
; -5
Failure 0.10 Probability
(after detection failure) Fig. 4 Beta Distributions of Scenario Input Variables
Fire growth Ultra fast 0.38
rate Fast 0.62 3000 — . . . .
Success
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(fast) 2500 | 1
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: ) 0.30
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(ultrafast) S 1500 -
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0.62
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B.76

Fig. 3 Event tree scenario

Fig. 5 Distribution of S5

2.5 Monte Carlo simulation
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Table 6 Probability of each scenario

NO Scenario ETA Monte Carlo
(Fixed Probability, %) [(Simulated Probability, %)
St Detection success — Initial suppression success — Termination 89.30 89.2999
50 Detection success H Initial supprgssmn failure — Fast growth 1510 1 5157
— Final suppression success
s3 Detection success — |Il’1ltla| suppresgon fgllure — Fast growth 0.650 06488
— Final suppression failure
s4 Detection success — ||j|t|a| suppresglon failure — Ultrafast growth 0.850 0.8485
— Final suppression success
s5 Detection success — |n|.t|a| suppress!on falllure — Ultrafast growth 2 680 2 6840
— Final suppression failure
s6 Detection failure — .Inmal suppre;smn failure — Fast growth 4500 4.5020
— Final suppression success
57 Detection failure — |r1|t|a| suppresgon fgnlure — Fast growth 0.130 0.1330
— Final suppression failure
ss Detection failure — |Q|t|a| suppresgon f§||ure — Fast growth 0.060 0.0570
— Final suppression failure
s9 Detection failure — |n|.t|a| suppresspn failure — Ultrafast growth 0.070 0.0453
— Final suppression success
510 Detection failure — |n|t.|a| suppresspn fange — Ultrafast growth 0.240 0.2337
— Final suppression failure
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R
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sigg sl .
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_I A 2abt el l SPil LiEt ol & Fig. 6 Occurrence frequency of each fire scenario
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ch &, #xl 43E5(0.95)0I 57| Met 435(0.24) & FL NO | Frequency Severity Riok
2/2f 21g0| ohymel gloz Myslof Jlof BEMNE WSt T T oy hign or Cow
Hele MxAel AU 2hEo| X{0|7F LIER-X] ATt 2t S92 High Significant Medium
M ETA2H Monte Carlo Z2t7+ HEPHO2 ARSI LB 22 S3 Medium Catastrophic High
TR U HBe| SHad0l Al A0l ABHUS ROECL T4 [ Medium Severe Medium
) . — _ _ S5 high Catastrophic High
2.6 Risk Matrix 7|8t Z3} 92z Hot 36 High Minor Low
i ) S7 Medium Severe High
Monte Carlo Algelolﬁ% 6|'| gl'IH AlL_l-E_lf?_P_l HEL@;I —ZL S8 Low Catastrophic Medium
B2 dTekliAlEl 28 gENeRE Afdle] EAMA ol S9 Low Catastrophic Medium
To= é‘n'__é Eoge T E i H H
TES S0l 28 7 gloh tEM 2 dToiMe 2 Al S10 Medium Catastrophic High
227} =ele £ Qe T Ao HE, & AZHE(Severity
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Fig. 9 Fire simulation model
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Fig. 8 Sectional view of MSR powered container ship
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Fig. 10 Heat Release Rate in CFD simulation
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Table 8 Properties of materials used in the fire simulation

Material Density | Specific heat | Thermal conductivity
(kg/m®) (J/kgK) (W/m-K)
Carbon |7 g3, 434 63.9
steel
Pb 11,340 129 33
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Fig. 12 Carbon steel wall temperature scene
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