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45 Years in the Nuclear Industry - 

 Fuel Cycle Consulting and Used  

Fuel Packaging and Transport 

Wholly-owned subsidiary of  

Hitachi Zosen USA 

Cask Transportation –  

NAC-LWT Fleet Dry Storage and Transport Systems 

Eleven (11) Nuclear Fuel Cask 

 Systems Licensed in the U.S.  

>40 International Validations 

NAC Corporate Overview 

Spent Fuel and HLW Management Technology 
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More than Four Decades, Designing, Licensing and Deploying Advanced Technologies to Package, Store,  

Transport and Dispose Nuclear Materials including Used Fuel and High Level Wastes 

Teamed with WCS and AREVA to 

license the first Consolidated 

Interim Storage Facility 



U.S. Consolidated Interim Storage  
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WCS Consolidated Interim Storage 

Facility (CISF) 
 

License Application Filed with U.S. NRC on April 28, 2016 



Regulations Covering Spent Fuel Storage and 
Transport 

10CFR50  

Plants and Production 
Facilities  (SFP part of 

the Plant) [site specific] 

10CFR71 

Transport of SF, 
fissile, Type B 

quantities of Rad 
Materials [offsite 

transport] 

10CFR72 
Independent Spent 

Fuel Storage 
Installation (site- 

specific or general 
license) 

Most cask systems licensed and deployed in the U.S. are under general license 
with a few facilities implementing the site-specific approach.   
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Dry Cask Storage Design Requirements  

• Achieve confinement of spent fuel contents (example adopted 
leak tight criteria for welded canisters) - must meet 10CFR50, 
10CFR72  and Part 100 limits (release and doses). 

• Maintain subcritical configuration during design life of the system  

• Maintain fuel cladding temperature below allowable limits 

• Maintain site boundary dose rates within allowable limits 

• Meet site/facility interface compatibility requirements during 
handling, transfer and storage 

• Maintain above requirements during normal, off-normal and 
postulated accident conditions applicable to the site. 

• Other considerations taking into account but beyond the design 
basis not a regulatory requirement – risk informed considerations 
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A site adopting a Cask with CoC license under 10CFR72 performs a complete evaluation (72.212) 
to reconcile what is enveloped and what is not (requires 10CFR50.59 or other evaluations) 



Dry Storage Cask General License Envelope  

10 CFR 72 
General 
License 

NPP  

Site 1 

NPP 
Site 3 

NPP 

Site 2 

Seismic – 0.2g  

Max Ambient – 120oF 
Near Ocean / Lake 

Seismic – 0.3g 

Max Ambient T – 110oF 
Away from Ocean / Lake 

Seismic – 0.4g 

Max Ambient T– 120oF 
Near from Ocean / Lake 

Cask SAR (Example MAGNASTOR) 
Seismic – 0.37g H – 2/3 Vertical 

Max Accident Average Ambient– 133oF 
Flood 50ft Depth 15 ft/sec, etc. 
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   DECs - Beyond Design Basis 

Design Extension “Considerations”  

Normal Off-Normal 

Design Basis Beyond Design Basis 

Accident 

Normal Off-Normal DECs - Beyond Design Basis Accident 

• Some Conditions 
• Some Considerations 

• Not Conditions 
• Practically Eliminated 

• Conditions 

Cask Systems Analyzed for Enveloping Conditions 
“A DEC for one plant is not a DEC to another”  
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NPP1 

NPP2 
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Accident Conditions 
Chapter 12 of the Safety Analysis Report Covers Accident Conditions for 
the MAGNASTOR system 
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Dry Storage Beyond Design Basis 
Considerations 

• September 11, 2001 

• Risk of intentional or malevolent acts on DS 
considered – beyond design basis conditions 

• NAC Evaluated Aircraft Impact on NAC Casks 

• National Academy of Science – Report, “Safety and 
Security of Commercial Spent Nuclear Fuel Storage” 
(2006)  

• Recognize Inherent Passive Safety of Dry Storage Casks 

• Systems are Robust Structures 

• Separate SF Hazard into Discrete Contents 
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Spent Fuel Storage – U.S. Regulatory Landscape 
Post-Fukushima 

Fukushima- Daichi 
Accident 

U.S.NRC Near 
Term-Task Force 

Recommendations 
to Enhance 

Nuclear Reactor 
Safety (July 2011) 

Commission 
Adopts 3 Tier 

Prioritization of  
Recommendations 

Implications to 
Industry and SF 
System Design 
Considerations 

Source: U.S. NRC Website www.nrc.gov 
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Tier 1 Priorities: Mitigating Strategies 

“Implement strategies to keep the core and spent fuel pool cool, as well as to protect 
the reactor’s containment, following an extreme external event. “   U.S. NRC 

• NRC Order on Mitigation Strategies (EA-12-049) (March 12, 2012) 
• NRC-issued guidance for Mitigation Strategies Order (JLD-ISG-2012-01), Revision 1 (January 22, 2016) 
• Industry-issued guidance for Mitigation Strategies Order (NEI 12-06), Revision 2 (December 2015) 

Source: U.S. NRC Website www.nrc.gov 
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Tier 1 Priorities: Containment Systems   

• NRC’s Order EA-13-109 requires reactors with containment designs similar to Fukushima 
to install or improve ventilation capabilities, which must function in conditions following 
reactor core damage. 

• Phase 1:  Requires upgraded containment venting capabilities from the reactor’s pressure 
suppression “wetwell” to assist in preventing core damage and remain functional after core 
damage. 

• Phae 2:  Requires additional protection after core damage through either a reliable vent from the 
airspace (“drywell”) within containment, or a reliable venting strategy that almost eliminates the 
need for drywell venting. 

• Industry guidance NEI 13-02 to address Phase 1 of the new order. 

• The NRC’s JLD-ISG-2013-02 endorsed (with exceptions) 

• The NRC staff continues working with stakeholders to develop and endorse Phase 2 
guidance. 

• In SECY-15-0085, the NRC staff presented the regulatory basis for the containment 
protection and release reduction (CPRR) rulemaking. 

• On August 19, 2015, the Commission disapproved the proposed CPRR rulemaking, leaving 
the implementation of Order EA-12-050 without additional regulatory actions. 
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Tier 1 priorities: Spent Fuel Pool Instrumentation 

Spent Fuel Pool Instrumentation Order 

The NRC issued an Order on March 12, 2012, 
requiring all U.S. nuclear power plants to 
install water level instrumentation in their 
spent fuel pools. The instrumentation must 
remotely report at least three distinct water 
levels: 1) normal level; 2) low level but still 
enough to shield workers above the pools 
from radiation; and 3) a level near the top of 
the spent fuel rods where more water should 
be added without delay. 

Related Documents: 

• NRC Order on Spent Fuel Pool Instrumentation 
(EA-12-051) (March 12, 2012) 

• NRC-issued guidance for Spent Fuel Pool 
Instrumentation Order (JLD-ISG-2012-03) 
(August 29, 2012) 

• Industry-issued guidance for Spent Fuel Pool 
Instrumentation (NEI 12-02) (August 2012) 
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Tier 1 Priorities: Seismic Reevaluations 
 
• NRC requested every U.S. nuclear power plant reevaluate its seismic hazard 

using present day information and guidance. 
 

• The NRC worked with stakeholders to establish guidance for screening, 
prioritization, and implementation details (SPID) (EPRI Report 1025287). 
 

• In cases where a licensee’s reevaluated hazard exceeds the design basis, 
more detailed evaluations and actions are required. 
 

• The NRC issued guidance for the additional seismic evaluations that would 
be required if the reevaluated hazard exceeds the design basis: 

• Expedited approach for seismic reevaluations (EPRI Draft Report 3002000704). 

• Seismic margin assessment (JLD-ISG-2012-04). 

• Seismic Probabilistic Risk Assessment (SPRA) 

• NRC Issue Letter identifying Plants requiring SPRA (Oct 27, 2015) 

• 33 Plants to submit SPRAs (some with limited scope) by December 
2017 15 



Tier 1 Priority – Flooding Reevaluations 

The NRC staff proposed in COMSECY-14-0037 that flooding hazard reevaluations be 
integrated with Mitigation Strategies for Beyond Design-Basis External Events: o  
 
The Commission provided direction regarding development of guidance for the 
integrated assessment, and for determining regulatory actions. 
 
In COMSECY-15-0019, the NRC staff provided an action plan to complete the flooding 
reevaluations. This was approved by the Commission and is currently in effect.  

Purpose: Ensure the floods do not impact SSSs safety functions.  Some plants near 
water – have decided to implement modifications regardless of pending guidance. 
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Rulemaking 

• Consolidation of Mitigation Strategies Order, SBOMS 
Rulemaking, and Spent Fuel Pool Makeup Capability 
(COMSECY-13-0002) (January 25, 2013); Approval of 
Consolidation (SRM-COMSECY-13-0002) (March 4, 2013) 

• Consolidation of Post-Fukushima Rulemaking Activities 
(SECY-14-0046 enclosure 6) is available in ADAMS 
at ML14064A544 (April 17, 2014); Approval of Consolidation 
(SRM-SECY-0046) atML14190A347 (July 9, 2014). 

• SECY-15-0065, Proposed Rule: Mitigation of Beyond-Design-
Basis Events (April 30, 2015) 

• Staff Requirements Memorandum for SECY-15-0065 (August 
27, 2015) – Comments were due February 2016. Dec. 16 
Effective? 
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Tier 2 Activities 
Activity Brief Description NRC Pending Actions DEC Consideration 

Spent Fuel Pool 
Makeup 

Capability 

To provide a reliable means of 
adding extra water to spent 
fuel pools 

Order [consolidated 
intoMitigation Strategies] 
See COMSECY-13-0002and 
its associated approval for 
details 

  
 

  Yes, Cask System 
During Loading 

Emergency 
Preparedness 

To address three aspects of 
Emergency Preparedness for 
multi-reactor and loss of 
power events: 
1.Training and exercises (drills) 
2.Equipment, facilities, and 
related resources 
3.Multi-unit dose assessment 
capability 

Order [aspects (1) and (2) 
consolidated 
intoMitigation Strategies] 
NRC-endorsed industry 
initiative [to address 
aspect (3)] 
See COMSECY-13-0010and 
its associated approval for 
details 

 
 

 
Yes, CoC Tech Spec,  

72.212  
 

"Other" 
External 
Hazard 

Reevaluations 

To reanalyze the potential 
effects of external hazards 
other than seismic and 
flooding events (which are 
being addressed under Tier 1). 

Request for Information 
[planned] 

 Yes, SAR,  
 72.212 
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Tier 3 Activities 
Activity Brief Description NRC Pending Actions DEC Considerations 

Periodic Confirmation 
of External Hazards 

To ensure external hazards, such as 
seismic and flooding effects, are 
periodically reanalyzed during the lifetime 
of a plant. 

Rulemaking [planned] Yes, CoC, Tech Spec,  
72.212 

Seismically-Induced 
Fires and Floods 

To evaluate potential enhancements to 
the capability to prevent or mitigate 
seismically-induced fires and floods. 

Longer-term 
evaluation 

Yes, CoC, Tech Spec,  
72.212 

Venting Systems for 
Other Containment 

Designs 

To evaluate the need for enhancements 
to venting systems in containment 
designs other than Mark I and II (which 
are addressed under Tier 1). 

Longer-term 
evaluation 

N/A 

Hydrogen Control To evaluate the need for enhancements 
to hydrogen control and mitigation 
measures inside containment or other 
plant buildings. 

Longer-term 
evaluation 

N/A 

Emergency 
Preparedness 

To evaluate additional enhancements to 
Emergency Preparedness (EP) programs 
that go beyond the Tier 1 and Tier 2 EP-
related activities. 

Longer-term 
evaluation 

Yes, CoC, Tech Spec,  
72.212 

Emergency Response 
Data System (ERDS) 

Capability 

To enhance the capabilities of the 
Emergency Response Data System (ERDS) 

Longer-term 
evaluation 

N/A 
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Tier 3 Activities 

Activity Brief Description NRC Pending Actions DEC Considerations 

Decision-making, 
Radiation Monitoring, 
and Public Education 

To evaluate the need for enhancements to 
Emergency Preparedness programs in the areas 
of decision-making, radiation monitoring, and 
education. 

Longer-term evaluation N/A 

Reactor Oversight 
Process (ROP) Updates 

To modify the Reactor Oversight Process to 
reflect any changes to the NRC’s regulatory 
framework (which is being pursued under a 
separate activity). 

Dependent 
on Regulatory 
Framework activity 

N/A 

Training on Severe 
Accidents 

To enhance training of NRC staff on severe 
accidents and related procedures. 

Dependent on outcome 
of Onsite Emergency 
Response 
Capabilities (Tier 1) 

Maybe 

Emergency Planning 
Zone 

To evaluate whether the basis for the size of the 
emergency planning zone needs to be modified. 

Longer-term evaluation N/A 

Potassium Iodide (KI) To evaluate the need to modify existing 
programs for the pre-staging of potassium 
iodide. 

Longer-term evaluation N/A 

Expedited Transfer of 
Spent Fuel to Dry Cask 

Storage 

To evaluate the merits of expediting the transfer 
of spent nuclear fuel from storage pools to dry 
cask storage. 

  N/A – addressed by  
NUREG 2161, and other 
docs. 

Not merited - Risk 
Informed Assessment 

Reactor and 
Containment 

Instrumentation 

To evaluate potential enhancements for 
instrumentation in the reactor and containment 
that can withstand severe accident conditions. 

Longer-term evaluation N/A 
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NUREG 2161 - Consequence Study of a Beyond-Design-
Basis Earthquake Affecting the Spent Fuel Pool for a U.S. 
Mark I Boiling Water Reactor  

A key purpose of this consequence study was to determine if accelerated 

transfer of older, colder spent fuel from the spent fuel pool at a reference 

plant to dry cask storage significantly reduces risks to public health and 

safety. 

 

• The study’s purpose to help inform a broader regulatory analysis of the 

spent fuel pools at U.S. nuclear reactors as part of the Japan Lessons-

learned Tier 3 plan. 

• Implies there is an presumed inherent safety benefit in dry storage – ex. 

DS at Fukushima easily handled the earthquake and flood, other 

previous studies on DS safety and security. 

• Evaluated occupational risks associated to expedited transfer of fuel to 

dry storage 
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Previous Studies on SFP Accidents 
Considered 

• These include those in support of Generic Safety Issue 82 (Beyond 
Design Basis Accidents in Spent Fuel Pools) and of consequences from 
spent fuel pool accidents at shutdown nuclear power plants: 

• "Severe Accidents in Spent Fuel Pools in Support of Generic Safety Issue 
82" (NUREG/CR- 4982, 1987) 

• “Value/Impact Analyses of Accident Preventive and Mitigative Options 
for Spent Fuel Pools," 

• (NUREG/CR-5281, 1989) 

• "Regulatory Analysis for the Resolution of Generic Issue 82 'Beyond 
Design Basis Accidents in Spent Fuel Pools'" (NUREG-1353, 1989) 

• “A Safety and Regulatory Assessment of Generic BWR and PWR 
Permanently Shutdown Nuclear Power Plants” (NUREG/CR-6451, 1997) 

• “Technical Study of Spent Fuel Pool Accident Risk at Decommissioning 
Nuclear Power Plants (NUREG-1738, 2001) 
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Consequence Study of a Beyond-Design-Basis Earthquake 
Affecting the Spent Fuel Pool for a U.S. Mark I Boiling 
Water Reactor  
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Consequence Study of a Beyond-Design-Basis Earthquake 
Affecting the Spent Fuel Pool for a U.S. Mark I Boiling 
Water Reactor  

• The study shows that successful mitigation reduces the likelihood of a 

release. The likelihood of a spent fuel pool release was equally low for 

both high- and low-density fuel loading. This is because high- and low-

density fuel loading contains the same amount of new, hotter spent fuel 

recently moved from the reactor to the spent fuel pool.  

• In the unlikely event of an earthquake-induced the likelihood of fuel 

heatup leading to a release was more strongly affected by the fuel 

loading pattern rather than the total amount of fuel in the pool. Spent 

fuel pool leak, In other words, the use of favorable fuel patterns such as the 

1x4 pattern promotes natural circulation air coolability and reduces the 

likelihood of a release from a completely drained pool.  

• Analysis also shows that for the scenarios and spent fuel pool studied, 

spent fuel is only susceptible to a radiological release  within a few 

months after the fuel is moved from the reactor into the spent fuel 
pool. After that time, the spent fuel is coolable by air for at least 72 hours. 
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“The results of the SFP Study show that the overall level of safety with respect to spent 

fuel storage in a spent fuel pool currently achieved at the reference plant is high and that 

the level of risk at the reference plant is very low. Applying the NRC’s regulatory analysis 

guidelines to analyze the results of the SFP Study with respect to the quantitative 

benefits attributable to expedited transfer of spent fuel at the reference plant, and the risk 

reduction attributable to expedited transfer against the NRC’s Safety Goals, the NRC 

concludes the incremental safety (including risk) reduction associated with  

expedited transfer of spent fuel at the reference plant is not warranted in light of 

the added costs involved with expediting the movement of spent fuel from the pool 

to achieve low-density fuel pool storage. Therefore, an NRC requirement mandating 

expedited transfer of spent fuel from pools to dry cask storage containers at the 

reference plant does not appear to be justified. The NRC plans to use the insights from 

this analysis to inform a broader regulatory analysis of the spent fuel pools at US nuclear 

reactors.” 

Study Conclusions 
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Probabilistic Assessment of Dry Storage Systems 
and Factors 

• NUREG 2161 study relied in part on NUREG 1864 - 
Pilot Probabilistic Risk Assessment of a Dry Cask 
Storage System at a Nuclear Power Plan 

• Assessment of failure of systems and release 
probability during implementation and storage: 

- Handling conditions 
- Transfer conditions 
- Storage Conditions 

• NUREG 1864 represent early stages in support of a 
risk informed regulatory framework for dry storage 
systems 

26 



Source: 
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Cask Handling Conditions 

Source: NUREG 1864 
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Cask and Canister Transfer Conditions 

Source: NUREG 1864 
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During Storage Conditions 
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Consideration of DECs into Dry Storage 

According to SSR-2/1 [1], DECs are: 

“Postulated accident conditions that are not considered for design basis 
accidents, but that are considered in the design process for the facility in 
accordance with best estimate methodology, and for which releases of 
radioactive material are kept within acceptable limits. 

IAEA-TECDOC-1791 -CONSIDERATIONS ON THE APPLICATION OF THE IAEA SAFETY 
REQUIREMENTS FOR THE DESIGN OF NUCLEAR POWER PLANTS 
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Conclusion: What it all means for dry storage 
system design extension conditions? 

Consider practical elimination of DECs based on what we know, based on 
low probability events and low consequences 

• Realize these are discrete isolated hazards/ independent of each other in 
performing safety functions passively  

• Mechanical failure extremely low probability, low consequences – with 
analysis demonstrating, example non-mechanistic Tip Over evaluations 

• Also, consider that mitigating actions are easy to implement – example, 
sufficient time and access to remove debris, recovery functions, 
inspections etc. 

• Addressing efficient – low risk loading and transfer procedures, provides 
highest value to reduce risk.  

• Post-Fukushima actions – pools storage is safe and beyond design 
basis conditions can be addressed (mitigation strategies are in 
place).  Improvements identified but intent is not to add 
complexities to the system. DS considerations ongoing but not likely 
to change course relative to system design requirements. 

• Even if potential DS DECs (“Considerations) are practically 
eliminated, expedited transfer to DS was found to be unjustified. 

33 


