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Representative Three Cases (excepting Russians’)
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Past Experiences of Nuclear-Powered Ships

1. NS Savannah (USA)

‣ World’s first n-powered ship
‣ Passenger-cargo ship (181 m)
‣ DWT 10K tons & 100 passengers
‣ Single 74 MW reactor (PWR)
‣ 1962 ~ 1972 in service
‣ 90M USD cost, but 12M income

Low economic feasibility

Low reliability

Conflict among the crew



Representative Three Cases (excepting Russians’)
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Past Experiences of Nuclear-Powered Ships

2. NS Otto Hahn (Germany)

‣ World’s second n-powered ship
‣ Ore carrier (172 m) & DWT 14K tons
‣ Single 38 MW reactor (PWR)
‣ 1968 ~ 1979 in service (1.2M km)
‣ 1979~2009 operated with diesel fuel
‣ 33 ports and 22 countries

Frequent docking refusal

Limited shipping routes

Excessive OPEX



Representative Three Cases (excepting Russians’)
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Past Experiences of Nuclear-Powered Ships

3. NS Mutsu (Japan)

‣ Test ship for nuclear power system
‣ General cargo ship (130 m)
‣ Single 36 MW reactor (PWR)
‣ 1968 (delivery), 1972 ~ 1992 test runs
‣ Radioactivity leak from the start
‣ Totally 1.2B USD cost

Shield design deficiency

Strong civil complaint

No commercial voyage



Five Challenges To Be Overcome
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Nuclear-Powered Ship Commercialization

I.

II.

III.

IV.

V.

Feasible Reactors for Marine Application

Safety Assessment

Regulatory Regime

Novel Operating Concept

Public Acceptance
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I. Cost-Effective and Marine-Applicable SMRs

▪ Narrow and isolated space for 
reactor installation

▪ Harsh environment and isolated 
operation at sea      

▪ Ship collision or grounding accidents
▪ Structural damage due to long-term 

neutron impact
▪ Effective fuel element design for 

long core life is required.
▪ Falling by the gravity of the control 

rod may not be reliable as a 
shutdown method.

10m (B)

20m (H)

16K TEU Container Carrier (Korea ~ EU) : total 78 MWe

❖ 40MWe Reactor 2 EA installed

construction & decommissioning

❖ interest rate, fuel price, inflation

❖ Lifetime cost effectiveness: Nuclear > LNG > Diesel (minimum LCC before 15 years)

(M KRW/year) Diesel LNG Nuclear

CAPEX 140,000 180,000 720,000

OPEX 69,100 67,600 21,500

There is a need to develop small nuclear reactors that are economically feasible throughout 

the life cycle of a ship and are applicable to the marine environment.

2014년 대한조선학회
원자력추진선박 경제성 분석 

및 개념설계 연구 (STX조선)
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II. Novel Concept of Nuclear-Powered Ship Operation

▪ Reactor operations, 
inspection and maintenance 
at sea, by who?

▪ Reactor commissioning,      
by who?

▪ Reactor decommissioning, 
by who?

▪ Nuclear fuel ownership?
▪ Nuclear fuel supplier?
▪ Nuclear waste disposal?

• Reactor construction

• Reactor inspection

• Reactor dismantling

• Fuel supply

• Nuclear waste disposal

• ETC.

Owner

Class

Ship 
Builder

Ship 
Manage-

ment

Charterer

Shipper

RegisterLease

Freight 

contract

Managing 

contract

Survey

Order

Ownership

Manag-

ement
Const-

ruction

Shipping

Under-
writer

Insurance

Ship 

information

Considering the characteristics of the nuclear reactors and the existing nuclear industry,  

the concept of life cycle operation of N-powered vessels must be newly established.
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III. Public Acceptance for SMR Operations at Sea

▪ Nuclear reactor operations within the 
area close to daily life
• public fear of radioactivity           
➔ low public acceptance

• ban of sailing in coastal areas and 
port entry

• civil complaints and protest from 
local residents

• political debate and liability

In order to enable the continuous operation of N-powered vessels in common maritime 

spaces, it is necessary to change the general public’s perception of radioactivity positively.
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IV. Regulatory Regime for Nuclear-Powered Ships

Port State Control

[USA Gov.]

Flag State Control

[Korea Gov.]
NSSC

IMO

IAEA

NRC

In order to maintain the legal operation of N-powered vessels worldwide, an integrated 

global licensing and regulatory system must be established for land and sea.

▪ Maritime industry is regulated by 
(world-wide)
• local governments & IMO

▪ Nuclear industry is regulated by 
(regional)
• local governments & IAEA

▪ International regulation needs
• free navigation and port entry 

between multiple countries
• unified and consistent 

international regulations
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V. Safety Assessment Procedure for SMRs at Sea

Nuclear Power 
Plants

PSA

EPZ

DiD

Offshore 
Installations

Protection Layers

QRA

Maritime 
Industry

IMO FSA

Safety Zone

▪ External accidents: ship collision, flooding, grounding, capsizing, fire/explosion, etc.
▪ Environmental conditions: ship motions, humidity, salt, independent operation, etc.
▪ Nonproliferation and control issues: piracy, ship and port security, etc.
▪ Consequences: passengers, crew, general public, radioactive marine pollution, etc.

There is a need to establish a new customized safety assessment procedure for N-powered 

vessels by integrating risk assessment technologies on land and at sea.
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Interrelationship Between Five Challenges

SMR 

Development

Safety 

Verification

Certification

Commercialization

Feasible and 
Economic 

SMR

Novel 
Operation 
Concept 

Safety Assessment 

Procedure

Regulatory 

System

Public 

Acceptance

Feasible & 

economic 

reactor

Novel 

Operation 

Concept

Safety 

Assessment 

Process

Regulatory 

System

Public 

Acceptance



REGULATORY STATUS 
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Industries
(Maritime & Nuclear)

Local

Authorities

IMO

▪ 1974 SOLAS Ch. VIII

▪ 1981 Nuclear Ship Code (Res. A.491(XII))

IMO Conventions and Codes

▪ [UK] Merchant Shipping (Nuclear Ships) Regulations 2022

▪ [UK] Marine Guidance Note 679 (M) Nuclear Ships 2022

▪ [KR] Nuclear Ships Regulations 2009 (revised in 2020)

National Regulations

▪ To be developed 
Industry Standards

Current Regulations for Nuclear-Powered Ships
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[IMO] SOLAS 1974 Convention Chapter VIII

Enacted in 1974 • International convention for nuclear ships

• It only covers nuclear-powered merchant ships.

• 12 regulations in a few pages

• Reg. 4 Approval of reactor installation

• Reg. 5 Suitability for service on board ship

• Reg. 6 Ensuring no nuclear hazards

• Reg. 7 Approval of safety assessment

• Reg. 8 Approval of operating manual

• Reg. 9 Survey based on safety assessment

• Reg. 10 Nuclear ship safety certificates

• Reg. 11 Special control for radiation hazards

• Reg. 12 Immediate accident report

• Principles on nuclear ship safety and survey

F.S. govt.

F.S. govt.

F.S. & P.S. govt.

F.S. govt.
F.S. govt.
annual

F.S. & P.S. govt.

F.S. govt.
annual

P.S. govt.
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[IMO] Res. A.491(XII) Code of Safety for Nuclear Merchant Ships

Adopted in 1981 • so-called ‘Nuclear ships code’

• Guide to the Administrations on internationally 

accepted safety standards for nuclear ships

• 8 chapters and 6 appendices (over 100 pages)
– Ch. 1 Safety principles, risk acceptance, equivalents ...

– Ch. 2 Design, safety functions, accident evaluation ...

– Ch. 3 Structure, subdivision, LSA, fire safety, security ...

– Ch. 4 Reactor core and control, coolant, interface ...

– Ch. 5 Machinery and electrical systems

– Ch. 6 Radiation safety (protection, dosimetry, waste ...)

– Ch. 7 Operation, maintenance, manning, training ...

– Ch. 8 Surveys (const., trials, operations, repairs ...)

– App. Safety assessment, quality assurance ... 

• It covers nuclear plants with PW type reactors.

• It is based on a philosophy of the DiD concept.
Defence-in-Depth 13



[UK] Merchant Shipping (Nuclear Ships) Regulations 2022

Enacted in 2022 • Implementation of SOLAS Ch. 8 & Nuclear Code
– for commercial ships UK-flagged or within UK waters

– applied with the Merchant Shipping Acts (1995)

• 6 parts and 34 articles (over 20 pages)

• Radiation safety: REPPIR over the Nuclear Code

• Approval of the Secretary of State
– reactor installation, safety assessment, operating 

manual, manning and training, surveys, etc.

• Documents on board
– safety certificates, crew certificates, safety assessment, 

operating manual, radiation emerg. plan, records of 

survey/test/repair, radioactive waste management, etc.

• Nuclear ship safety certificates (passenger/cargo)
– UK regulation & 1974 SOLAS Ch. 8 & Nuclear Code

– to be updated every year, kept on board, and 

submitted to the port authorities in advance

REPPIR: Radiation (Emergency Preparedness and Public Information) Regulations 2019 14



[UK] Marine Guidance Note 679 (M) Nuclear Ships

Enacted in 2022 • Guidance on the application of the Merchant 

Shipping (Nuclear Ships) Regulations 2022

• 13 sections and 1 annex (dozens of pages)

• the role of ONR (UK Nuclear Regulator) specified
– reactor construction and maintenance on land

– nuclear site license required

• The MCA may grant authority to an RO.
– statutory surveys, design appraisal, safety assessment 

appraisal and certification

• Safety assessment, Quality assurance program, 

Operating manual, Radiation Safety, Manning

ONR: Office for Nuclear Regulation MCA: Maritime and Coastguard Agency

Const-
ruction

Sea

trial

Commi-
ssioning

Ope-
ration

S.A. approval 
prior to

Pre-testing
Surveys Certificates

Continuous 
surveys
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[KOREA] Nuclear Ships Regulations

• Korea’s only nuclear ship regulation at present

• It covers nuclear-powered ships.

• 19 articles in 2 pages

• Approval from the Administration
– Safety assessment

– Operating manual

– Reactor installation

– Nuclear passenger ship safety certificate

– Nuclear cargo ship safety certificate

– Annual inspection is required

• Insufficient detail for practical application

• Special control for radiation hazards

• Immediate accident report to PSC and FSC

Enacted in 2009 and revised in 2020

To be kept on board and up-to-date
To be submitted to PSC in advance for review

Design, assembly and inspection

Valid for one year

However nuclear offshore facilities 
are not explicitly excluded.

Based on the 1974 SOLAS Ch. VIII

Valid for one year
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More Integrated and Practical Regulatory System Needed
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• Further specific safety requirements

• Various SMR types, such as MSR, SFR, LFR etc.

• Operators: Ship vs Reactor

• Reactor decommissioning and radioactive waste

• Nuclear fuel supply chain (non-proliferation)

• Authority among the government departments

• Intergovernmental relationships

IMO and Governments have to further improve or newly establish regulations for 

nuclear-powered ships to address the following issues.



Thank you!

✓ Global Top Shipbuilding

✓ Decarbonization Leading Shipping

✓ World Class Product & Technology
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