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INTRODUCTION
BACKGROUND

• B.S. in mechanical and nuclear engineering 
at Kansas State University 

• Operating plant experience

• Gen III+ & Advanced reactor experience
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DISCLAIMER

The views and opinions expressed in this presentation are solely my own and do not 
reflect those of NuScale or any affiliated organization. All information presented is drawn 
from publicly available sources and represents my own analysis and interpretation. This 

presentation should not be regarded as an official statement or position of NuScale.
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AGENDA

Introduction to NuScale
NuScale lessons learned
NRC Staff lessons learned
Application of lessons learned to advanced 
reactors

1
2
3
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SETTING THE STAGE
COMPANY FACTS

• Company established in 2007

• Developed NuScale VOYGR SMR 
Power Plants

“A fully factory fabricated small modular 
reactor (SMR) comprised of an integral 
nuclear steam supply system in which the 
reactor core, steam generators and 
pressurizer are all contained in a single 
vessel”
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SETTING THE STAGE
PLANT FEATURES

• The plant features a 77 MWe NuScale power module

• Each plant can add up to 12 modules (924 MWe)

• Light water reactor using existing fuel type

• 60-year lifetime

• Site boundary emergency planning zone (EPZ)

• Operator staffing- 2 senior reactor operators, 1 reactor operator
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SETTING THE STAGE
LICENSING 

• Began pre-application in 2008

• Submitted design certification application in December 2016

• Received NRC approval of final safety evaluation report and Standard Design Approval 
(SDA) for in 2020, final rule published in August 2022.

• Submitted SDA application for updated NPM (77MWe) in December 2022

• Received NRC approval of SDA in May 2025
NuScale DCA Statistics

 12,000+ pages
 14 Topical R eports
 2 million labour hours
 800 people
 50 supplier/partners  
 Over $500M
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PRE-APPLICATION
LESSONS LEARNED

• NuScale started the engagement process in 2008 and continued thru September 
2016

• The early engagement provided limited value
o S ubmitted 7 technical reports , 12 white paper, gap analys es  

o Limited, informal feedback

o NR C  management was  minimally involved which limited commitments  to res olve technical and 
policy is s ues  

• E ngagement closer to submittal
o Much more valuable

o B egan receiving formal feedback

o Des ign s pecific review s tandards  were is s ued

o Increas ed participation of NR C  management

o Training provided to NR C  application reviewers
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PRE-APPLICATION 
LESSONS LEARNED

Recommended actions based on NuScale’s experience:
• Design-specific review standard should be issued earlier – 18 months to two 

years prior to submittal  
• NRC should formally address key safety features early 
 NR C  S taff should review and comment on white papers , technical reports , 

and gap analys is  

• E arlier and increased participation by management 

 better ability to make lasting commitments  for NR C  
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DESIGN CERTIFICATION APPLICATION REVIEW
LESSONS LEARNED

• NuScale concluded* the DCA review as a successful demonstration of the NRC’s 
ability to review an advanced reactor design in a reasonable timeframe. 

• However, they also concluded that the review process needs to and can continue to 
be made more efficient and predictable, reducing the substantial burden on 
applicants and the NRC while enhancing focus on matters important to safety.

• NuScale identified some major challenges for efficient and timely review of a new 
reactor design, and those that were of utmost concern for the NRC’s attention prior to 
their future submittal of an SDA application. 

• The challenges were from their perspective as a light-water SMR applicant seeking 
design certification

*ML21050A431
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DESIGN CERTIFICATION APPLICATION REVIEW
LESSONS LEARNED

• Establish an appeal process to resolve disagreements between applicants and the 
NRC staff with respect to preliminary interpretations of requirements and guidance. 

• Specifically, where an applicant believes that Staff are misconstruing regulatory 
requirements, changing position on meeting requirements, or erroneously concluding 
the design fails to meet acceptance criteria, an applicant and Staff should be able to 
present their positions to a neutral arbiter to render a decision.

• The consequence of the absence of such a process is that regulatory burden has 
steadily increased from one applicant to the next without consideration of whether new 
staff positions have merit from a safety perspective.
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DESIGN CERTIFICATION APPLICATION REVIEW
LESSONS LEARNED

• Rely on downstream requirements and programs to supplement design detail and test 
data as part of NRC safety findings.

• Downstream programs include programs required by regulation; e.g., Appendix B 
quality assurance, the ASME Code, and ITAAC. 

• The consequence of not relying on these required programs is increased cost and 
time to develop applications and obtain approval, without improving the safety of the 
constructed facility. 

• In the case of the NuScale DCA, application development and review costs exceeded 
half a billion dollars.
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DESIGN CERTIFICATION APPLICATION REVIEW
LESSONS LEARNED

• Clarify the role of the Advisory Committee on Reactor Safeguards (ACRS). 

• The ACRS’s approach during the NuScale DCA review worked because the NuScale 
SMR was the only advanced reactor design under review. However, it was 
unnecessarily broad and burdensome, and the same approach may not work if there 
are multiple advanced reactor designs under review, as expected in the future. 

• The consequence of not clarifying the role of the ACRS is that the ACRS, due to 
resource constraints, may delay the approval and deployment of nuclear power plants 
with advanced safety features.

• In the DCA, the ACRS conducted 40 meetings totalling approximately 440 hours. 
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NRC STAFF LESSONS LEARNED
BEST PRACTICES 

NRC staff issued lessons learned from the NuScale design certification application in 2022 (ML22088A161)

• NuScale voluntarily engaged in preapplication activities to familiarize the staff with the design based on its development tothat point. These activities improved the NRC 
staff’s understanding of the main attributes of the design and allowed for resolution of some key areas before DCA submittal.

• The NRC staff emphasized the need for continuity of the technical, project, and legal reviewers on the NuScale DCA to the maximum extent possible. This promotes a 
more reliable, clear, and efficient review. The NRC should explore ways to increase the stability of its review teams and collect data in future reviews to assess its 
performance in this area. 

• NuScale issued a regulatory gap analysis letter during preapplication activities to identify unique areas of the design that deviate from traditional compliance approaches. 
This initiative provided early engagement in nontraditional areas of the design. The staff’s white paper encourages this typeof preapplication exchange because it allows 
the staff to communicate early regulatory perspectives before receipt of an application.

• NuScale used topical reports for novel design features and approaches to allow the staff to generically review and approve such features. This increased NRC and 
NuScale attention on these review areas to facilitate more timely resolution.

• The NRC and NuScale conducted NRC staff audits in areas involving FOAK design features, or review areas where the design was evolving, and used NuScale’s
electronic reading room as an efficient means to resolve highly technical issues. The NRC and NuScale gained valuable insights into the most efficient way to conduct 
audits over the course of the review. These insights should be captured and incorporated into audits for future applications.

• The NRC and NuScale developed a list of highly challenging issues (HCIs) that, by focusing on these topics, led to their more timely and efficient resolution. 

• The NRC developed risk-informed approaches in a number of areas during the NuScale review that facilitated reaching safety determinations. The use of risk insights 
during the preapplication period and at the beginning of reviews helped the staff assess the risk significance of design attributes and thereby apply resources in a more 
efficient and reliable manner.
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NRC STAFF LESSONS LEARNED
LESSONS LEARNED

While the NRC staff and NuScale had many significant accomplishments and best 
practices that supported timely completion of the review, they encountered challenges that 
adversely impacted the efficiency, reliability, and clarity of the review.

• Design finalization at application and changes during licensing

• Application of a holistic, risk informed review strategy

• Enhancements to the RAI and audit process

• Establishment and management of review schedule and resource estimates
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NRC STAFF LESSONS LEARNED
LESSONS LEARNED

Design finalization at application and changes during licensing

Context: W hen NuS cale s ubmitted the DC A in 2016, they had not performed or completed important tes ting, analys es , or engineering evaluations  to 
demons trate the reliability of s ome s afety-s ignificant F OAK  des ign features  or s tructures , s ys tems , and components .

Impact: During the review, tes ting res ulted in numerous changes in the des ign and additional analys is  to demons trate adequate performance of an S S C . T he 
changes  and as s ociated  review res ulted in s ubs tantial unanticipated res ource and time expenditures  for both NR C  and NuS cale.

Mitigation: 

• R obus t pre-application engagement to dis cus s  des ign s tatus

• Applicant s hould identify all des ign as pects  that are s till undergoing finalization, tes ting, or analys is  or that are otherwis e, s ubject to change, es pecially if 
thes e deviate from dis cus s ions  between the applicant and the NR C  during preapplication meetings .

• NR C  s hould carefully evaluate the lis t provided by the applicant to ens ure s chedules  and res ources  are appropriately allocated.

• NR C  s hould conduct early as s es s ment of the potential ris k s ignificance of thes e areas  and dis cus s  with the applicant any potential impacts  on s chedules  
or res ources .



18 |  CONFIDENTIAL

NRC STAFF LESSONS LEARNED
LESSONS LEARNED
Application of a holistic, risk informed review strategy

Context: W hile the NR C  made s ubs tantial progres s  in conducting a ris k-informed review of the NuS cale application, opportunities  remain to further enhance 
its  ability to apply ris k-informed principles  during the review of new and advanced reactors .

Impact: 

T he NR C  s taff and NuS cale s pent cons iderable effort aligning on the ris k information provided in the application. T his  occurred in parallel with the ongoing 
s afety review in other areas  of the application. T his  reduced the ability to incorporate ins ights  from the ris k information into other portions  of the review. 
Additionally, becaus e the NR C  conducted the review in a matrixed manner (i.e. ,  work was  dis tributed to divis ions  and branches to conduct their focus ed 
review) and not in an integrated holis tic manner, ris k ins ights  were les s  effectively incorporated into s pecific review areas . R eviewers  were not always  aware 
of the ris k s ignificance of their review in the context of the overall des ign. T his  contributed to increas ed focus  and effort in s ome areas  that may not have been 
commens urate with their ris k s ignificance.

New and advanced reactor des igns  will employ novel and integrated pas s ive and inherent features  to demons trate s afety. C orrespondingly, the NR C  mus t 
adapt its  review s trategy to ens ure integrated s afety and environmental reviews  from the beginning. 

Mitigation:

• At the beginning of a licens ing review, and potentially during preapplication, the applicant s hould prepare and pres ent to the NR C  s taff its  approach to 
performing its  ris k as s es s ment and the key conclus ions .

• F or new and advanced reactor reviews , the NR C  s hould es tablis h an interdis ciplinary review team at the preapplication engagement phas e to identify any 
cros s -cutting technical and regulatory is s ues , as s es s  their ris k s ignificance, and ens ure that the s taff performs its  review of a unique new reactor des ign in 
an integrated manner. T his  focus ed team s hould be s maller and more flexible than the matrixed team us ed in the NuS cale and prior new reactor 
application reviews . T he team s hould include NR C  s ubject matter technical experts  from review areas  related to the novel and ris k-s ignificant features  in 
the des ign.
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NRC STAFF LESSONS LEARNED
LESSONS LEARNED

Enhancements to the RAI and audit process

Context: 

W hile the NR C  s taff and NuS cale s aw improvements  in the us e of R AIs  and audits , continuous improvement is  neces sary to enhance clarity and reliability, as  
thes e tools  will continue to be a critical component to ens ure the docketing of key s afety and technical information neces sary to s upport the s taff’s  reas onable 
as s urance findings .

T he NR C  and NuS cale leveraged audits  with varying degrees  of s uccess  during the review, when it became apparent that the audits  helped the s taff unders tand 
key des ign attributes  and focus  on the information the applicant needed to s upply on the docket to s upport s afety findings .

Impact:

• NR C  did not implement a reas onably cons is tent approach for the es tablis hment and conduct of audits .

• During the NuS cale review, the NR C  was  performing a revis ion to the R AI process  focus ing on regulatory requirements , s afety s ignificance, and clarity of R AIs . 
As  s uch, the NuS cale review did not benefit from the enhancements . An example of impact would be R AIs  were is s ued when an audit could have been more 
beneficial to as s es s  whether an R AI was  actually neces sary.

Mitigation: 

• Applicants  s hould review NR C  R AIs  and audit plans  to as s ess  whether the key attributes  des cribed above are included. Applicants  s hould promptly rais e any 
concerns  and reques t clarification calls  as  neces sary. Applicants  s hould meet commitments  for R AI res ponses  and communicate any anticipated delays  early. 
Applicants  s hould acknowledge the impact of delays  on the review s chedule and res ources .

• To conduct a timely and res ource-focused s afety review, R AI development mus t be complemented effectively by an applicant’s  res ponsiveness  to R AIs .

• T he NR C  s hould devote additional attention to ens uring that R AIs  and audits  conform to NR C  guidance and as s es s ing whether there are more effective means  
to gather the information, thereby maximizing the efficiency of the us e of thes e tools  to gather only the information neces sary to reach a reas onable ass urance 
determination. 
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NRC STAFF LESSONS LEARNED
LESSONS LEARNED
Establishment and management of review schedule and resource estimates

Context:

• At the beginning of the NuS cale review, the NR C  staff established a 42-month review schedule but did not provide NuS cale with a resource estimate for the review. As  
the NR C  developed its  internal resource estimates , it is  not evident that the agency could clearly tie the resource allocations  to the risk or safety s ignificance of those 
des ign aspects  of the review.

• T he NR C ’s  system for tracking project completion did not integrate the status  of the project closely with the resources  being expended, especially in discrete technical 
disciplines .

• As such, the NR C  lacked an effective real-time mechanism to link expenditures  with risk s ignificance and project completion. T his  circumstance led to exceeding 
internal estimates  without proper early identification and engagement.

Impact: 

T he NR C  staff recognized this  challenge during the review. As  an interim corrective action, the staff developed detailed resource estimates  for the completion of the final 
phases  of the review. Leveraging the best information available from the project management software, NR C  management and staff manually assessed resource 
expenditures  biweekly over these remaining phases . To support effective cost management, as  areas  of the review were completed, the NR C  staff closed the associated 
charge codes  to avoid inadvertent costs  to NuS cale. Despite late des ign changes  incorporated by NuS cale, the NR C  was  able to complete its  review within the 
established schedule and resource estimates  it had developed.

Mitigation: 

• T his  s ignificant NR C  challenge reflects  the need for better scheduling and cost accounting methodologies .

• Led to NR C  improving its  ability to develop more challenging schedules  and resource estimates  without compromis ing safety. 

• T his  includes  better software for project management and resource expenditures  based on data analytics  and enhanced reporting capabilities  for real-time tracking 
and monitoring by the staff and management. T he staff has  developed internal dashboards  that provide the status  of HC Is , track performance against schedules  and 
resource estimates , and allow detailed assessments  of areas  of potential challenges .
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CURRENT STATUS

• As noted in the draft operational plan for the pre-design review for new SMRs 
proposed by NSSC in September 2025, SMRs are being developed rapidly and in 
diverse designs making it difficult to conduct safety reviews under current regulatory 
framework.

• There is a growing need for pre-design review to identify safety issues of new reactor 
types at an early stage and to prepare appropriate safety review processes.

• T he draft operational plan and draft regulatory framework for advanced reactors  
proposed by NS S C  in S eptember 2025 are the firs t s teps  for licens ing of advanced 
reactors  in K orea 

APPLICATION OF LESSONS LEARNED TO ADVANCED REACTORS
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APPLICATION OF LESSONS LEARNED TO ADVANCED REACTORS
WHAT IS NEEDED

• Advanced reactor vendors with target deployment dates in 2030s cannot wait for a 
new advanced reactor framework and associated reactor-specific technical standards 
to be developed

• Currently recognized in Korea and steps are already being taken

• Using existing framework, proposing General Design Criteria, and seeking exemptions 
for when specific requirements are not applicable seems to be most appropriate path 
forward for near-term advanced reactor licensing 

• NSSC has agreed to this approach
• Allowance for choosing applicable/appropriate technical standards
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APPLICATION OF LESSONS LEARNED TO ADVANCED REACTORS
WHAT IS NEEDED

• Concise and deliberate pre-application is imperative

• Early training and participation of regulatory management and staff
• Reactor type familiarization training 
• Vendor technology familiarization training
• Identification of review staff to ensure proper knowledge and expertise for review 
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APPLICATION OF LESSONS LEARNED TO ADVANCED REACTORS
WHAT IS NEEDED

• Agreement on administrative topics and timelines as soon as early
o Types  of engagements  (meetings , audits )

o P roces s  for feedback and reques t for additional information 

o R es ource allocation 

o Timeline for review proces s

• E arly formal feedback and resolution on review approach for key novel des ign features  
and methodologies
o R eview and feedback of white papers , technical, and topical reports

o F ormal documented feedback that can be us ed during the licens ing application proces s
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APPLICATION OF LESSONS LEARNED TO ADVANCED REACTORS
WHAT IS NEEDED

• Use regulatory precedent from the on-going licensing of advanced reactors
• Draft regulation, regulatory guides exist 
• Kairos, Terrapower, X-energy currently being licensed in the U.S. 

• Implementation of prescriptive with risk informed insights
• Allowance for using aspects of U.S. NRC 10 CFR Part 53 to implement risk informed insights as 

mentioned in draft regulatory framework for advanced reactors 
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Thank you

감사합니다

Tak

www.saltfoss.com
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AGENDA

Introduction to Saltfoss
Consortium
The licensing case
Achievements and road to deployment

1
2
3
4
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The case of today’s nuclear power plants Saltfoss’ value proposition
While all nuclear power plants represent a source of low-carbon energy, major 
issues plaguing today’s conventional land-based LWR (light water reactor): 

• Construction time and infrastructure with associated 
high costs of financing. 

• Highly site-specific engineering and construction projects.
• High costs of nuclear licensing due non-standardized  designs.
• Very severe consequences of worst-case nuclear accidentresulting in public 

acceptance issues, large emergency planning zones and public evacuation plans 
with significant nuclear liability considerations and costs.

Saltfoss Energy is developing a novel type of nuclear technology – the seaMSR 
Power Barge- that aims to revolutionize the way we think about nuclear power: 

• New reactor technology (molten salt reactor) leading to 
radically different safety case. 

• Turnkey energy solution delivered through maritime route from construction at 
shipyard (3 years from order to delivery)

• Fully centralized and standardizeddesign and construction – high quality and 
safety. 

• Leveraging Korean expertise and capabilities in nuclear and offshore. 

INTRODUCTION TO SALTFOSS
SALTFOSS VALUE PROPOSITION
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The seaMSR-100
The seaMSR-100 design basis is “No in-situ handling of irradiated fuel.”

The loop type reactor design is enabling design, co-development, manufacturing,
and testing of individual component, minimising integral effects.

Key characteristics Value

Design status Basic

Design Lifetime 24 years

Nominal power 250 MWt / 100 MWe

Neutron spectrum Thermal

Fuel enrichment Low -enriched uranium

Fuel salt Fluoride (FUNaK)

Initial enrichment ≈ 2%

R efueling method / enrichment Online addition / ≈ 5%

Moderator Graphite

F uel salt solidification / boiling point ≈ 500 °C  / ≈ 1.500 °C

Core inlet / outlet temperature ≈ 600 °C / ≈ 700 °C

S econdary salt F luoride (F LiNaK )

Tertiary salt Nitrate solar salt

P rimary circuit pressure ≈ 5 barg

Steam pressure ≈ 16 MPa

1

2

2

3

4
5

R eactor vessel1

Drain tank2

P rimary circuit pump3

P rimary heat exchanger4

F ree surface high point5

Primary Secondary Tertiary Steam

Primary loop

INTRODUCTION TO SALTFOSS
S eaMS R -100:  A LOOP  T Y P E  R E AC TOR  
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Reactor vessel

1

2

2

3

4

5

1

Drain tank2

Primary circuit pump3

Primary heat exchanger4

Free surface high point5

Corrosion control

Decay heat removal

• In cas e of emergency or 
accident, fuel s alt is  pas s ively 
drained from the primary 
circuit to drain tanks .

• F uel s alt in drain tanks  
pas s ively cooled through 
radiative heat trans fer. 

• C orros ivenes s  of fuel s alt increas es  
with impurities , e.g.,  from fis s ion 
products .

• C orros ion can be controlled through 
manipulation of redox condition with 
s caled proof-of-concept and 
demons trated in MS R E . 

• S caled proof of concept confirming 
24 years  lifetime

F uel
(drained)

2

INTRODUCTION TO SALTFOSS
R E AC TOR  C OR E  AND P R IMAR Y C IR C UIT

1

• R eactor internals  re-des igned 
to reflect 24 years  lifetime.

Reactor vessel
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INTRODUCTION TO SALTFOSS
DESIGN IS READY FOR REGULATORY ENGAGEMENT

Category # docs

Project Management Framework 11

System Engineering 9

Design Rules 8

Nuclear Safety 10

Modelling & Simulation 15

Reactor Core System 48

Safety Enclosure System 16

Salt System 32

Decay Heat Removal System 20

Off Gas System 22

Other Systems 14

Power Barge 28

Fuel Salt & Corrosion 9

Other Topics 13

Sum 225

 C ompleted conceptual des ign with a total of 
225 W B S  documents  & supporting docs

 R eady to start pre-application engagement 
with NS S C  and K INS

 F irst s tep to discuss  and align on  
administrative and technical topics  

 T hermophys ical properties  determined 

 P ositive results  on corros ion control

 G raphite lifetime managed

 Vapour pressure as  expected, F iss ion product 
retention experiments  planned 

 B aseline for bas ic des ign determined

 R eactor lifetime 24 years

 B as ic des ign des ign in progress

 R &D W ork on-going to qualify the fuel salt and 
validate the properties  and fiss ion product 
retention 
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INTRODUCTION TO SALTFOSS
SALTFOSS POWER BARGE

1

Construction and non-nuclear 
commissioning in shipyard

2

Tow to site and 
load fuel

3

100 MWe 
operation for 24 

years

4

Green site recovery, 
decommissioning, and 

recycle of fuel

Variant # reactors Length

100 MWe 1 88 m

200 MWe 2 129 m

300 MWe 3 170 m

400 MWe 4 211 m

500 MWe 5 252 m

600 MWe 6 293 m

Power Module
Nuclear island and BoP with 
steam turbine, alternator, and 

condenser
Bow Module

High voltage 
substation

Aft Module
Accommodation, control 
centre, and emergency 

power

POWER BARGE HIGHLIGHTS
• Floating Nuclear Power Plant. Non-self-propelled.
• Graphite moderated thermal spectrum molten salt reactor fueled 

by fluoride fuel salt .
• One reactors, one balance of plant delivering 250MWt/100MW e
• Plant designed for 24-year lifetime. 
• Robust combination of inherent and passive safety features and 

designing for no off-site EPZ.
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seaMSR Power 
Barge

EPZ

2nd site

Security area

Tug

400 MW 
seaMSR Power 

Barge

Quay

Break-
water

Switchyard                 

Warehouse                 

Administration                       

Switchyard                 

Overhead 
lines

Reactor skid 
transportation 

vessel Reactor skid 
installation vessel

Monopile 
mooring 
system

INTRODUCTION TO SALTFOSS
DESCRIPTION OF SITE AND PLANT

• Standard environmental envelope
o Enables standardizationof Power Barge design. 
o Site preparation and approval must ensure envelope. 

• Situated in sheltered waters (behind breakwaters)
o Protects against direct wave impact and minimize rolling/pitching. 
o Eliminates possibility of large- scale maritime collisions that pose a 

danger to Power Barge hull.

• Mooring systems
o Protects against extreme maritime events (together w/ breakwaters), 

e.g., tsunami. Will be demonstrated by model testing in wave tank.

• Emergency planning zone (EPZ)
o The unique inherent safety features of the seaMSR, particularly the 

fission product retention of the fuel salt, ensures all accidents scenarios 
stays within a short distance from the Power Barge.

• Site security 
o Security measures shall be ISPS (International Ship and Port Facility 

Security code) compliant and shall prevent unauthorized access to the 
plant and shore- based installations. 

o Additional measures to be implemented depending on nuclear 
regulations.

Tsunami Weather Collision Sinking Earthquake
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INTRODUCTION TO SALTFOSS
ADVANTAGES OF INHERENT SAFETY FEATURES & FLOATING NUCLEAR APPLICATION 

• Breakwater

• Protection against external hazards (tsunami, 
earthquake, volcanos, aircraft impact)

External 
Hazards

Emergency 
Planning Zone

Public 
Acceptance

• At the fence boundary

• No release of radioactive 
material outside the barge

• Able to be placed close to 
populated areas & industrial 
sites

• Due to inherent safety 
features and no release of 
radioactive material- no 
accident risk 

• Waste disposal

• Lower cost
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Inherent Safety Features + Standardised Concept + Centralised Production + Standardised Operational Setup 
= 

High Quality + Licensing + Scaling + Lower Cost + Faster Rollout

Consortium
to enable the deployment of the seaMSRPower Barge and expedite global export

Overall Licensing and Safety Case

Design, development and integration of the 
Saltfoss reactor

Fuel cycle development & Qualification

Develop decommissioning path

Design, build and outfitting of power barge

Installation of all vendor systems and 
packages

Non-nuclear commissioning

Fuel loading 

Nuclear commissioning

Operator training

Power barge operation

CONSORTIUM 
ROLES AND RESPONSIBILITIES
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CONSORTIUM
CENTRALIZED AND RAPID DEPLOYMENT

Operated byPowered by

Built by Fueled by

Centralized 
modular plant 
construction 

Centralized 
commissioning and 

testing

Centralized 
decommissioning

High quality 
assurance and 

control

Standardized 
dismantling and  

handling of spent fuel 
and waste 

Rapid site 
remediation & 

restoration

Faster operational 
readiness and 

implementation of 
lessons learned

Standardized 
commissioning 

procedures

Faster construction 
time and scalable 

production

Centralized shipyard manufacturing:
• Turn-key power plants ready for deployment
• 600 MW per week production capacity
• 3 years from order to grid

Consortium with industry leaders

Leveraging existing supply chain
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SHIPYARD MANUFACTURING STUDY BY LUCID CATALYST
COMMISSIONED BY URENCO

Highlights:
1. Massive potential from shipyard 

manufacturing 

2. Even higher potential from mass 
manufacturing with product-based 
licensing
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LICENSING PROCESSCENSING PROCESS- U.S vs SOUTH 
KOREAU.S & SOUTH KOREA

Three Options

Construction 
Permit

Operating 
License

COL – Combined 
License

10 CFR Part 50 10 CFR Part 52 

10 CFR Part 53

Pending 

Technology 
agnostic licensing

Flexible for 
advanced 
reactors

Risk informed 
and 

performance -
based methods 

Construction 
Permit

Operating 
License

One Option- Based on Part 50

Current options for engagement before CP/OL

Standard Design 
Approval(s)

Construction 
Permit

Operating 
License

Site PermitTopical Reports

• National S afety and S ecurity C ommis s ion (NS S C ) has  
developed a preapplication proces s  named “pre-
des ign review”

• P roces s  will occur before S tandard Des ign Approval 
(S DA) application review

• Allows  for engagement with the regulatory body before 
s ubmis s ion of a cons truction permit & provides  a 
method for S altfos s , a foreign vendor, to pay for review 
s ervices
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COMBINING NUCLEAR AND MARITIME REGUALTORY 
APPROVAL TO ENABLE EXPORT

NUCLEAR 
• First Power Barge will be licensed in Korea (First-

of-a-kind FOAK)

• Using the existing framework in place for licensing 
the FOAK utilizing exemptions where necessary 
and applicable

• Prior to submitting licensing applications, rely 
heavily on regulatory engagement for 
familiarization of technology and design

• Use of topical and technical reports for unique 
design features and methodologies

• First licensing submittal will be regulatory 
engagement plan and required documents per the 
new framework

MARITIME
• American Bureau of Shipping (ABS) New 

Technology Qualification process for 
CMSR

• ABS Novel Concept guidelines for 
integrating the seaMSRinto the power 
barge.   

• October 2024 ABS has issued class 
requirements applicable for nuclear 
power barges.

• Conceptual design submittal to ABS 

Technical safety organizations

Classification societies

National regulatory body

National regulatory body

International regulatory framework

International regulatory framework
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SETTING THE STANDARD FOR MARITIME NUCLEAR POWER

Aspiration 

• In a strive to set the precedence for a 
future international regulatory 
framework, the consortium wants to 
pursue nuclear licensing and approval 
in Korea from the NSSC and Korean 
Flag State approval from the Ministry 
of Ocean and Fisheries (MOF) , with 
classification of the power barge by 
ABS, to drive the integration of the 
maritime and nuclear frameworks. 

• ABS reviews and approve the maritime 
parts and aspects of the seaMSR-100 
and the power barge.

• ABS reviews and comments on the 
nuclear parts and aspects of the 
seaMSR-100 and the Power Barge. 

• The reviews by ABS serves as input 
KINS in their review.

Proposal:

• MOF grants ABS the contract to class 
and issue statutory maritime approvals 
for Korean flagged vessels for nuclear 
power application, hereunder nuclear 
power barges.

• Korean Registry (KR) serves as 
technical advisor to MOF in the 
dialogue between MOF and ABS to 
establish, implement, and apply a 
regulatory framework for Korean 
flagged vessels for nuclear power 
application, hereunder nuclear power 
barges. 

• KR serves as MOF’s representative in 
the dialogue between KINS and ABS to 
establish the interface between nuclear 
and maritime

Maritime Assessments Status:

• CMSR feasibility assessment was completed in 

June 2020

• Power Barge Approval In Principle was granted 

in December 2022

• Conceptual design planned to be submitted for 

review 

• Development of interface document which outlines 

the responsibilities of both maritime and nuclear 

regulatory bodies.
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LICENSING ACCOMPLISHMENTS

• Completed feasibility study 2023

• Recommendation: 

• Pre-regulatory engagement

Development of licensing reports
• Use of PSA

• QA Program

• IMO Standards

• Format and content of SSAR and PAMP

• Siting related issues

• Exemption and alternative requests

• Fuel qualification 

Regulatory engagement plan Regulatory engagements • Only foreign company to attend the 2025 advanced reactor 
round table 

• Held several seminars for KINS covering design development, 
licensing approach, and implementation of the regulatory 
engagement plan

• Initial discussions with Ministry of Oceans and Fisheries to 
discuss approach to classification of Power Barge

• Initial meeting with KINAC to introduce Saltfoss Energy 
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FIRST OF A KIND ROADMAP
LICENSING

Overall goal

Gain agreement on the exemptions and alternative 
approaches with respect to regulations that cannot 
be met as written for the MSPB design.​

Discuss and gain general agreement on a 
preliminary timeline for submittal of topical and 
technical reports.​

• During pre-design review, regular meetings and 
familiarization sessions can help identify potential 
licensing issues through mutual technical and 
regulatory understanding. 

• Saltfoss has identified a preliminary list of issues that 
are expected to be discussed during preapplication. 

• Submit relevant reports to facilitate early issue 
resolution during the preapplication period. 
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FIRST OF A KIND ROADMAP
PROPOSED TECHNICAL & LICENSING TOPICS TO BE ALIGNED ON FOR SUCCESSFUL LICENSING

TECH:

• Safety approach 

• Testing plan for safety demonstration

• Simulation tools for safety analysis and associated 
confirmatory analysis

• Codes and standards alignment
• Maritime & nuclear  

• External hazards

• Primary circuit and reactor core layout 

• Safety classification of SSCs

• Emergency planning zone

• Safeguards

• Security

LICENSING:

• MSR technology familiarization.

• MSR power barge design familiarization.

• Explain and gain general agreement on the 
proposed SDA application licensing strategy.

• Gain agreement on the exemptions and 
alternative approaches with respect to regulations 
that cannot be met as written for the Power Barge 
design.

• Discuss and gain general agreement on a 
preliminary timeline for submittal of topical and 
technical reports.

• Format and content of licensing applications

• Combined nuclear and maritime compliance 
framework.
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FIRST OF A KIND ROADMAP
PRIORITIES FOR REGULATORY ENGAGEMENT 2026

• Issuance of pre-design review framework

• Begin familiarization of MSR technology and Saltfoss 
seaMSR and Power Barge design

• Regulatory presentation and review of:
o S afety approach

Could result is major redesign efforts if 
approach cannot be agreed upon

• Acceptance of application of risk informed 
ins ights

• Defence in depth

• F inal class ification of S S C s
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FIRST OF A KIND ROADMAP
PRIORITIES FOR REGULATORY ENGAGEMENT 2026

• Testing plan for safety demonstration

• Simulation tools for safety analysis and associated confirmatory analysis

Alignment needed to confirm:

Appropriate experiments and 
testing 

Access to and/or purchase of 
facilities 

Can Impact:

Approach to licensing 
documentation for SDA, 
Construction Permit, and Operating 
License 

New tools and associated confirmation of the tools 

Regulatory approach to confirmatory analysis 



27 |  CONFIDENTIAL

FIRST OF A KIND ROADMAP
PRIORITIES FOR REGULATORY ENGAGEMENT 2026

• Submittal of pre-design review documents possibly including 
general plant description, gap analysis, regulatory engagement 
plan 
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ACHIEVEMENTS & ROAD TO DEPLOYMENT
• Tech

o Conceptual design complete
o Basic design underway
o R&D on-going 
o Safety analysis development in progress

• Licensing
o CMSR maritime feasibility assessment wascompleted in June 2020
o Power Barge Approval In Principle was granted in December 2022
o Completed licensing feasibility study 2023
o Development of licensing reports and regulatory engagement plan
o Continued engagement with NSSC, KINS, KINAC, MOF covering design 

development, licensing approach, regulatory engagement plan, classification 
of Power Barge, etc.

• Other opportunities 
o Thailand- pre-feasibility study completed, on-going dialogue with the 

regulatory body to prepare for advanced reactor licensing and operation. Next 
licensing steps could include; site specific and external hazard evaluation, 
training to become a nuclear-ready organization.

o Indonesia -Study to be performed on specific licensing topics such as external 
hazard identification and evaluation of floating nuclear sites with nuclear 
research institute (BRIN).

o Vietnam- (1) Inception report developed in 2022 which was a preliminary 
study on the feasibility of deployment of Power Barges and hydrogen 
production plant in Vietnam, (2)  Participating in Vietnam’s INPRO Program 
(IAEA)

Fundamental R&D phase 
& Concept Design 

complete

Basic Design 
complete

FID for FOAK

Detailed Design 
complete

Start of 
construction

Non-nuclear 
commissioning 

complete

FOAK first 
criticality

Pre-application 
engagement

Submit SDA application

Submit Construction 
Permit

SDA issued

CP issued & Submit 
Operating Licensing 

Operating License 
issued 
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Thank you

감사합니다

Tak

www.saltfoss.com
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• Passive Safety System

발전용

다목적 활용 분산형 건설 중소형 일체형 원자로

•
• 대용량 발전용이 아닌 수출 가능한 해수담수화 및 소규모 전력생산을 목적으로 함
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CONTENTS



한국수력원자력, 한국원자력연구원, 왕립원자력신재생에너지원

신청기관 중 왕립원자력신재생에너지원은 사우디 기관으로 표준설계인가 획득 시 해외수출 당위성을 갖기 위해
인허가 문서는 국문과 영문을 함께 제출



• 2019.12.30. : 표준설계인가 신청서 원자력안전위원회 제출

• 2021.08.13. : 원안위 서류적합성 검토 결과 및 심사 계획 보고

• 2021.08.17. : 서류적합성 검토 결과, 심사 계획 신청자 통보 및 본심사 착수

• 2021.08.17. ~ 2024.04.02.(32개월) : 총 12차례 2,621건 심사 질의

• 2023.05.12. : 표준설계인가 개요 보고

• 2023.06.02., 07.07 : 원자력안전전문위원회 SMART100 설계특성 보고

• 2023.11.03. : 전문위 SMART100 심사현황 보고

• 2024.04.19., 05.17 : SMART100 표준설계인가 심사 결과 보고

• 2023.12.01.~2024.03.15. :피동안전계통 실무검토위원회 운영(총 3회)
※ 제98회 전문위원회를 통해 피동형안전계통 추가 검토 논의

• 2024.05.02.~ 2024.05.27 :전력계통 실무검토위원회 운영 (총 2회)
※ 제103회 전문위원회를 통해 전력계통 추가 검토 논의

• 2024.07.11. : 원자력안전위원회 SMART100 표준설계인가 심의 관련 보고

• 2024.09.26. : 원자력안전위원회 SMART100 표준설계인가(안) 심의 의결



시행규칙 및 원안위 고시에 따른 각 항의 내용을 기술하였
으며 그 심사/참조 기준에 부합

검토 결과, 안전기술원은 작성항목 누락, 작성내용 미흡 및 경미한 사항의 수정 등을 포함한 286건을 보완요구 하였고, 신청자

는 이를 모두 반영한 최종본을 2021년 3월에 제출 
이후, 안전기술원은 신청서 및 첨부서류가 관계법령 및 고시에서 규정한 첨부 문서로서의 형식 및 내용을 충족하고 있다고 판

단하고 본심사에 착수



(표준설계기술서) SMART100 표준설계안전성분석보고서에 기술된 내용과 일치하며, 설계 내용에 정의된 중요 설계특성 및 성

능을 확인할 수 있도록 적합한 방법이 설계·시공·성능 검증계획(ITTAC)에 제시된 것으로 검토

(표준설계안전성분석보고서) 총18장으로 구성되어 있으며, 발전소 일반사항부터 사고분석까지 원자력시설의 안전에 관한 사항이 

정리된 인허가 대표 문서로 각 장,절의 인허가 요건을 모두 적합하게 만족하고 있는 것으로 검토

(사고관리계획 작성계획서) 사고관리 개요, 사고관리능력의 평가 및 비상운전절차서 작성계획에 관한 사항을 원안위 고시에 만

족하도록 작성하였음. 사고관리목록은 구체적으로 분류되었으며, 사고관리 전략에 포함된 설비의 기능 등이 적합하게 기술



(사전설명회) 표준설계인가 제도 및 SMART100 표준설계에 대한 안전전문위 위원들의 이해를 도모하기 위해 규

제기관·신청기관에서 사전설명회 개최

(실무검토회의) SMART100 주요 설계특징인 피동형 안전계통 및 전력계통에 대한 실무위원 검토회의를 구성하

여 집중적인 검토 회의체 운영

(심사결과보고) 규제기관 본심사가 종료된 직후 안전전문위에 심사결과 보고



이에 원안위는 ’24년 9월 26일 SMART100에 대해 국내 4번째 ‘원자로시설 표준설계인가증’을 발급 
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방사선 위험으로 부터 인간과 환경을 보호

노심 및 
방사선원

제어

방사성물질 
유출 제어

사고결말
완화

정성적 안전 목표의 달성여부를 평가하기 위한 정량적 척도로서 확률론적안전성평가 방법과 피동안전개념에 기초하여 

4가지 정량적 안전 목표를 수립
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• 일체형

•

•

•

•

•

•

•

다중방벽 대표 구조물 대형원전 SMART100 비고

다중
방벽

02

심층
방어

1단계

2단계

3단계

4단계

5단계

심층방어

3a

3b

•

•

•
•

•

•

•

•

• 피동형 공학적안전설비

•

•

목표 및 기능 SMART100
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사고
저항성

•

•

•

•

•

SMART100 비고

최소
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방사성물질 외부 유출 방지

핵연료 및 피복재 보호 원자로냉각재계통 보호 격납건물 보호

노심미임계 
유지

노심냉각 및
열제거원 확보

원자로 냉각재
보충

원자로냉각재
압력경계 유지

격납건물
건전성 유지

안전
목표

안전
전략

필수
안전
기능

피동
안전
계통



기존 대형 경수로의 한계 극복 (노심손상방지 관점에서...)

대형배관파단 냉각재상실사고 (LBLOCA) 발전소정전사고 (SBO)





01
압력 경계 • 원자로� 용기는� 원자로냉각재� 압력경계를� 구성하는� 설비로서� 4. 년� 설계수명� 동안� 건전성을� 확보

하면서� 방사성� 물질의� 외부누출을� 차단하는� 물리적� 방벽� 역할을� 수행하도록� 설계됨

• 원자로냉각재� 압력경계를� 이루는� 기계적� 부분은� 원자로냉각재� 계통의� 설계압력을� 적용하며*�
KEPIC MNB(또는 ASME Sec. III MB) 기준에� 따라� 설계함

산업 표준

SMART SMART100



02
열출력 • SMART100은 SMART(330MWt) 대비 10% 증가한 열출력(365MWt)을 가지며, 핵설계는 KAERI에서 

자체 개발한 DeCART2D/MASTER 전산프로그램으로 수행되었음. (* SMART SDA : CASMO-3/MASTER) 

노심 특성 • 국내 상용 가압경수로 비교하여 물리적 크기가 작고 핵연료 농축도 및 핵연료 배치전략 등에서 차이

가 있으나, 핵연료 연소 특성과 관련된 물리적 현상 및 제어 방식에서 기존 경수로와 큰 차이를 보이

지 않음



03
일체형원자로 • 증기발생기*� 원자로냉각재펌프*� 가압기와� 같은� 주요기기를� 단일� 용기에� 설치함으로써� 가장

심각한� 사고� 중� 하나인� 대형냉각재상실사고� 발생� 가능성을� 원천적으로� 배제
• 캔드모터(canned motor) 형식으로� 기계적� 밀봉장치가� 적용되지� 않으므로� 펌프� 축� 누설
사고� 발생� 가능성을� 원천적으로� 배제

원자로냉각재펌프

증기발생기 • 열출력� 밀도와� 기기배치� 유연성을� 높이기에� 적합한� 관류식� 나선형으로� 설계되었고*� 충분
한� 과열도를� 가진� 증기를� 생산하여*� 증기의� 순도를� 높이기� 위한� 별도의� 장치&습분분리
기'없이� 양질의� 증기를� 2차계통에� 공급



계통목록 주요기능 작동원리

피동안전주입계통 냉각재주입, 원자로냉각, 노심미임계 중력주입

자동감압계통 원자로 급속감압 압력차 방출

피동잔열제거계통 원자로 현열 및 노심 잔열제거 자연순환 냉각

격납건물압력및

방사능저감계통
격납건물 압력제한, 방사성물질 제거

압력차 방출,

자연순환 냉각



SMART100
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Pressure
(Temp.)

Initiated

Low Pressurizer Pressure
 Reactor Trip
  CMT Injection
   PRHRS Operation

Low-Low Pressurizer Pressure
 SIT Injection

Low CMT Level
 ADS Open CMT Injection terminated 

 (PRHRS, SIT in Operation)

CMT 

SIT

ECT 

CMT 

SIT

ECT 

C
M
T
#CMT 

ECT 

 SIT Refilling
  ECT Refilling
   (Long-term cooling) 

CMT 

SIT

ECT 

IRWST

Makeup 
Tank

Recovery Completed
 Shutdown Cooling
  (Cold shutdown)

Time
19 min 1 hr

 2 min
9 hr
 16 min

13 hr
 26 min

After 72 hr

12.13 MPa

1.5 MPa

2.1 MPa
(215oC)

1 hr
 19 min

Safe Shutdown Condition
(PRHRS, CMT in Operation)

(A)

(B)

(C)

(D)

(A)

(B)

(C)
(D)



02

Initiated
 Low RCP Speed
  Reactor Trip

 Low feedwater flow
  PRHRS Operation
    CMT Injection

Level balanced
 bewteen RX and CMT 

CMT 

ECT 

C
M
T
#CMT 

ECT 

  ECT refilling
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Recovery Completed
 Shutdown Cooling
  (Cold shutdown)



외부전력 및 복잡한 기계장치(예: 펌프, 디젤발

전기)에 의존하여 안전정지 기준을 만족시키는 설계로, 해수나 냉

각탑을 최종열침원으로 사용

외부전력에 의존하지 않고 밸브개폐 정도의 단

순한 작동만으로도 자연력에 의해 안전정지 기준을 만족시키는 

설계

기존의 규제지침서(RG 1.139)를 

공식 철회하고, 능동형 잔열제거와 피동형 잔열제거의 분리된 규

제체계로 정비

능동형 원전의 규제체계인 안전심사지침

을 유지하면서, 피동형 안전계통 설계에 대한 내용(규제입장, 용

어 정의, 허용 기준 등)을 정리하여 규제지침으로 새롭게 제정





격납건물상부와 하부영역을 형성하는 구조물은 철근콘크리트 구조

물로서 안전성관련 기초슬래브에 의해 지지되며, 압력경계 내측면

은 누설 방지를 위해 강재 라이너 플레이트로 피복

관련 요건 

• 원자력안전위원회고시(원자로 25) “원자로격납건물 기밀시험에 관한 기준”

• 경수로형 원전 규제지침 제7.10절 “격납건물 누설률시험” 

• 경수로형 원전 안전심사지침 제6.2.6절 “격납건물 누설시험”

주요 검토 내용

• 시험압력 및 설정근거

• 시험압력이 부가되는 압력경계 및 시험체적

• 종합누설률시험 결과가 시험 기준에 부적합한 경우에 대한 추가시험 계획 등

최종 답변 

• 종합누설률시험은 보수적으로 상부영역(UCA)과 하부영역(LCA)을 별도로 시험하고

합산하는 방식을 적용
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모든 안전계통에 피동개념을 적용한 대한민국 최초의 원자로로서, 피동개념이 적용된 설계철학에 대해 국내 

규제기준이 적용된 최초의 정식 인가 사례

규제기관과 연구·개발 기관 사이에서 방대한 기술적 논의를 통해 피동안전개념을 위한 새로운 규제체계가 정비

되었으며, 향후 후속노형을 위한 인허가기술 및 규제체계 적용 노하우를 축적

(예: 혁신형 SMR 및 4세대 원전 등)

(현행 규제를 그대로 적용하지 못하는 설계개념이나 특성이 다수 발생)





KINS 안전심사지침

 KINS 규제지침 7.12 (피동형 안전계통 설계)

피동안전계통 관련 KINS 안전심사지침 반영의 필요성
(예 : 안전정지vs저온정지, 선량평가방법, RTNSS 등)



Passive(부정적 이미지) + Safety(안전성)  복합명사화 되어 안전성(긍정적) 의미가 퇴색

被動 (피동, Passive Voice)

被 (입을 피), 動 (움질일 동),  態 (모습 태)

언어학 (Language)

“Passive”의 적절한 국문 표현은?

동작 또는 상태 변화를 입어 

그로 말미암은 상황 또는 

상태에 이름의 표현

(주체적 “동작” 보다는 “원인/과정 강화”)

  예 : 이 책은 많은 사람들에게 읽혔다.
  예 : 온도 차로 인해 자연순환 유동이 형성

주체가 스스로 행하거나 

상태를 변화시키는 것이 아니라

외부의 요인에 의해 동작이나 

상태 변화를 입게되는 것

(주체적 동작성 “약화 및 상실”)

예 : 포수의 실수는 결승전 승패를 갈랐다.

  예 : 결승전은 포수의 실수로 인해 승패가 갈렸다.

예 : 사고는 피동안전계통에 의해 대처된다.



게임 (Game)

Passive skill
Active skill

MP소모

공학 (Engineering)

전력소모

Passive House

다른 분야에서 사용하는 경우는 없을까?



에너지 저장 및 구동력 분류 (Energy Storages and Driving Forces)

Passive 국문 번역 (계통단위)

Passive 국문 번역 (대단위)

기존 원자력 분야에서는?
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01. 한국의 2030/2035 NDC와 2050 탄소중립 전망 (MtCO2eq/yr)
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beyond pure power 
generation, Proc. Int 
Conf. IAEA on SMR and 
their applications, 
Vienna, Austria, 
October 2024.
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31. 기능성 격납건물

구분항목 HTTR (일본) HTR-PM (중국) MHTGR (미국)

운영 인허가 시기 1990년대 후반 2021년 2030년 예상

격납방식/명칭 강철 격납용기 저압 배기형 격납(VLPC) 배기형 격납건물

격납건물설계압력 0.39 MPa 대기압 수준 (배기형) 대기압 수준 (배기형)

구조물재료 강철 강화 콘크리트 강화 콘크리트 (지하)

주요방사성물질방호벽 격납용기(최종 방호벽) TRISO 연료(1차 방호벽) TRISO 연료(1차 방호벽)

결말해석 결정론적 심층방호 리스크 정보 활용/확률론적 리스크 정보 활용/역학적선원항

규제기반 개정된 경수로 규칙
(METI/NRA)

확률론적 목표를 포함한 개정
된 경수로 규칙 (NNSA) 신규 규제 체계 제안 (USNRC)

격납건물기능 압력/누설 격납 및 공기
유입 방지

여과 후 배기 및 외부 사건 방호
최소 선원항 격납 및 외부 사건
방호
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