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 Kwanghyun Ahn

 BS/MS/Ph.D. in Mechanical Engineering (~2012)

• Solid mechanics

• Plasticity

• Dynamic analysis of structure

 SMART project in KAERI (2016~)

• Structural design of reactor internals

• Seismic analysis of reactor vessel assembly

• Structural analysis of SSC in SMART

 Leader of SMR mechanical design group (2021~)

• Standard design approval of SMART mechanical design

• Research for mechanical design of SMR
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Sea Water Fresh 
Water

Electricity

Steam

Steam
Transformer

Desalination Plant

Thermal : 365 MWt
 Electricity : 110 MWe
 Fresh Water  : 40,000 t/day

Advanced Integral PWR 
for Electricity Generation and District Heating or Desalination 

Hot Water
Heat supply

 Electricity and Water for a City of 100,000 ~ 500,000 Population
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 No large RPV penetration
 Less than 2 inch penetrations
 Penetrations above the top of SG

 In-Vessel Steam Pressurizer
 4 Reactor Coolant Pumps

 Canned motor type
 Horizontally mounting

 8 Helical Steam Generators
 Once through SG
 Produce superheated steam
 Inlet orifices (DWO)

 Flow Mixing Header Assembly
 57 Fuel Assemblies

 Standard 17x17 UO2 (< 5 w/o U235) w/ 
reduced height (2 m)

 Performance proved at operating PWRs
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Conceptual
design

’97~’99

Basic
design

’99~’02

Prototype

’02~’06

Standard design
approval

’09~’12

Safety
enhancement

’12~’15

Pre-project
engineering

’16~’18

Standard design
change approval

(on going)

’19~
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Technology ValidationTechnology Validation Standard
Design

Standard
Design

Safety Tests Performance  Tests
 Core SET

• Freon CHF
• Water CHF

 Safety SET
• Safety Injection
• Helical SG Heat Transfer
• Condensation HX Heat 

Transfer
 Integral Effect Tests

• VISTA SBLOCA
• SMART-ITL

 Core SET
• Freon CHF
• Water CHF

 Safety SET
• Safety Injection
• Helical SG Heat Transfer
• Condensation HX Heat 

Transfer
 Integral Effect Tests

• VISTA SBLOCA
• SMART-ITL

 Digital MMIS
• Control Unit Platform
• Communication Switch
• Integral Safety System

 Digital MMIS
• Control Unit Platform
• Communication Switch
• Integral Safety System

 Fuel Assembly
• Out-of-Pile Mech./Hydr.

 RPV TH
• RPV Flow Distribution
• Flow Mixing Header Ass.
• Integral Steam PZR
• PZR Level Measurement

 Components
• RCP Hydrodynamics
• RPV Internals Dynamics
• SG Tube Irradiation
• Helical SG ISI
• In-core Instrumentation

 Fuel Assembly
• Out-of-Pile Mech./Hydr.

 RPV TH
• RPV Flow Distribution
• Flow Mixing Header Ass.
• Integral Steam PZR
• PZR Level Measurement

 Components
• RCP Hydrodynamics
• RPV Internals Dynamics
• SG Tube Irradiation
• Helical SG ISI
• In-core Instrumentation

 Code Devel/V&V
• Safety: TASS/SMR-S
• Core TH: MATRA-S
• Core Protec./Monitor.

 Design Methodology
• DNBR Analysis
• Accident Analysis 

(SBLOCA, LOFA, …) 
• Integral Rx Dynamics

 Code Devel/V&V
• Safety: TASS/SMR-S
• Core TH: MATRA-S
• Core Protec./Monitor.

 Design Methodology
• DNBR Analysis
• Accident Analysis 

(SBLOCA, LOFA, …) 
• Integral Rx Dynamics

Tools & Methods

V&VV&V

Technical ReportsTechnical Reports

 Digital MMIS
• MMI Human Interface
• Control Room FSDM

 Digital MMIS
• MMI Human Interface
• Control Room FSDM

Standard
SAR

Standard
SAR

Standard Design ApprovalStandard Design ApprovalStandard Design ApprovalStandard Design Approval
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 Structural design
 Reactor pressure vessel, Reactor closure head
 Reactor internals

 Component design
 Reactor coolant pump
 Steam generator
 Control rod drive mechanism

 CVAP
 Structural analysis

 Seismic analysis, BLPB analysis
 Stress analysis
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 American Society of Mechanical Engineers (ASME)
 American Nuclear Society (ANS)
 American Society of Testing and Materials (ASTM)
 American National Standard Institute (ANSI)
 Institute of Electrical and Electronics Engineers (IEEE)
 American Welding Society (AWS)





 Inner surface of RPV

• Complicate arrangement inside of vessel

• Difficult to access weldments inside of vessel

• All internals should be removed

 In-vessel steam generator

• Steam generator installed inside of vessel

• Low accessibility to SG tubes

 Reactor internals
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 Improvement of design

• Structural design and arrangement considering accessibility
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 Improvement of inspection technology
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Floats Arrangement

Centering Mechanism

Spring / damper



 Improvement of manufacturing technology
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 Complicated reactor internals

 Excitation by multiple RCPs

 Space limitation in layout for sensor and their conduits

 Definition of reactor internals

 Reactor internals in conventional PWR: CSB, UGS, and so on

 Reactor internals in SMR: SG? RCP? CRDM?
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 Design simplification of scale model test

 Simplification of measured signal with maintaining vibration characteristics of SMR

 Consider path of sensors and conduits at initial stage of reactor internals design

 Sensors and their conduits should be removed after measurement

 Utilize inspection program with limited measurement

 The inspection program with limited measurement can be replaced instead of 

extensive measurement requirements
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 Generally, SMR has lower thermal power

 Shorter active core length

 But, the same requirement for RV surveillance

 Reduction of mandatory total number of specimen?

Mitigate temperature requirement?

Allow use of small sized specimen?

Allow another surveillance mechanism?
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USA
Regulation

Korea
Regulation

APR1400 SMART

Core Height (m) - - 3.81 2.00

Total No. of Specimens 52 69 108

Total No. of Temp. Sensors 1 Set Not Specified 1 Set

Total No. of Neutron Sensors 3 Set Not Specified 3 Set
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 No applicable code for structural design of PCSG

 Regulation problem without applicable code

 Stress calculation

 No applicable code in ASME Section III

 Utilizing ASME Section VIII

 Manufacturing, test, and inspection

 No applicable code in ASME Section III & VIII
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 SMART100 is designed based on code and standards for conventional PWR

 Generally, current code and standard are applicable for SSC design of SMR

 But, there are severe gaps, mainly due to compactness, size, and complexity of SMR

 Gap between code/standard and SMR design is on going issues in SMART100 SDA

 Innovative technology should be developed and applied for innovative design of SMR

 Code and standard for innovative technology are key issues for regulation of new SMR
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