Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 30, No. 5, pp. 499-505, August 31, 2024, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2024.30.5.499

2% 25 Y9AE(SMR) @A Adke] I& F obAAl H U}

* - *% skt
jZY - AME" . Y
« Gmulel YmolAl, = Alolubdl Qe wee HY P ek 2o mS

Evaluation of Stability of Small Modular Reactor (SMR) Power Ship

in Waves

wof

* Sk sk
Kyoungwan Lee -+ Sundon Choi - Byungyoung Moon
* CEO, Engineering Part, Blue Marine, Busan 46726, Korea
** Researcher, Ocean Engineering Part, Kunsan 54150, Korea

** Professor, Department of Shipbuilding and Ocean Engineering, Kunsan National University, Kunsan 54150, Korea

2 o AT dst EAld gyl A 27 wE AZRS e oS arAlel o] AldfEar gtk o2k v el A
BATHES HERE S FUFE0] Eojuya glow, olo mEl AP YA ZEE(Small Modular Reactor ©]3} SMR)©] Al Z2F A 2dd
2 FE%I Itk SMRE AEFAA iy A THA A27)9 5~10% FEol AR, a9 Wyt EMW)E Y B 898 Z2E 18 s
Alz=glolt}, o] AAE A AR 7|HE B sl HlE BaA RS A o, A A Bk oA FES Best
T A= Aol Atk AN, AAE BHAE AL A A EE FE] el sl ¥ Fle wig & wrol ghr) o] gk A
£ sZsty] o8 B4 &% A3y i doe] FEUL k. B4 AF AR - AE g Aol FAER, /1 AFH
B, el o] hastE L, Aol i ko] ok & ATl A E SMR AL B T 4l hHAAE U shlh &
2 +eslA AR, SE 5 olgtell AT ddste HHXA olgetEd Aad WAAET Ves WAL 2

Abstract : To address the issue of global warming, various regulations and policies for reducing greenhouse gas emissions are being implemented.
In this context, the number of countries targeting carbon neutrality, the latter of which entails reducing net carbon emissions to zero, is increasing,
and small modular reactors (SMRs) are investigated extensively as a new model for power plants. SMRs, although measuring only 5%—-10% of the
size of conventional large nuclear power plants, are highly efficient systems that can generate hundreds of megawatts of power. Compared with fossil
fuel-based power plants, SMRs generate less carbon emissions and can complement the unstable energy supply from renewable sources. However, the
use of SMRs is opposed by local residents owing to the risk of significant radioactive-material leakage when a nuclear-power-plant accident occurs.
Hence, floating, small nuclear-power vessels are being investigated and installed in the ocean, thus simplifying the process of securing land,
compensating nearby residents, and increasing safety against natural disasters. In this study, the towing stability of SMR power ships is analyzed, and

the result shows no significant risk of towing to the destination in sea states 3, 4, and 5.
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Fig. 1. Types of nuclear power plants installed at sea.
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Fig. 2. The floating nuclear power vessel “Akademik Lomonosov.”
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Fig. 3. Transportation route of the floating nuclear power vessel.
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Table 1. Main dimension of floating nuclear power vessel

Ship Model

Scale 1 1/25
Length (m) 140 5.60
Breadth (m) 30 1.20
Draft (m) 4.5 0.18
Weight (ton) 19,088 1.22
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Fig. 4. Wave Heading condition.
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Table 2. Wave height and wave period by sea state

Significant wave

Sea State height(m) Period(s)
3 0.88 7.5
4 1.88 8.6
5 3.25 9.7
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Table 3. CFD analysis conditions

Value
Physics Unsteady
Turbulent Model Realizable k-¢
Phase Model Volume of Fraction
Motion DFBI, Overset
Solution Time (s) 120.0s
Time Step (s) 0.02
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Fig. 5. CFD boundary conditions.
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Fig. 7. CFD mesh system.
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a) Sea State 3, wave direction 180deg
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Fig. 8. Ship motion under head sea condition.
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Fig. 9. Pitch motion (sea state 5, wave direction 150deg).
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Fig. 11. Heave motion (sea state 5, wave direction 150deg).

Table 4. Analysis results under head sea and quartering sea
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Fig. 10. Ship motion under quartering sea condition.

4

conditions
Sea State  Wave direction(deg)  Pitch(deg) Heave(m)
3 180 0.1 0.14
4 180 0.2 0.18
5 180 0.7 0.33
3 150 0.1 0.18
4 150 0.4 0.23
5 150 0.8 0.43
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c) Sea State 5, wave direction 90deg
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Fig. 12. Ship motion under beam sea condition.
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Fig. 13. Roll motion (sea state 5, wave direction 90deg).
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Table 8. Seakeeping Evaluation of Floating SMR Power Plant

Motion Unit Criteria Max. Value
response
Roll deg 8.0 1.70
Pitch deg 48 0.81
Vertical g 0.4 0.12
acceleration
Deck wetness No./h 30 0.00
Slamming No./h 20 0.00
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