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Abstract 
The Used Nuclear Fuel-Storage, Transportation & Disposal Analysis Resource and Data System 
(UNF-ST&DARDS) is being developed at Oak Ridge National Laboratory in collaboration with 
multiple national laboratories and nuclear industry participants (utilities, fuel vendors, and cask 
vendors) for integrating spent nuclear fuel (SNF) management through its final disposition. UNF-
ST&DARDS seamlessly integrates a unified SNF relational database (the Unified Database) and key 
analysis capabilities to simplify and automate the characterization of SNF and related systems to 
support numerous SNF management and fuel-cycle-related activities. To date, UNF-ST&DARDS 
accomplishments have included (1) explicit depletion and decay analysis of every fuel assembly (~245 
thousand) discharged from the commercial US reactors through June 2013 with 13 cooling time steps 
(results include 142 isotopes); and (2) criticality, shielding, thermal (steady state and transient), and 
containment analyses of hundreds of loaded casks. Additionally, UNF-ST&DARDS also provides 
various automated report generation capabilities with dynamic figure and plot updates based on 
changes made to the Unified Database.  
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Introduction 
Commercial spent nuclear fuel (SNF) in the United States is stored at 74 nuclear reactor sites, including 
currently operating and shutdown sites, as shown in Fig. 1. A small number of SNF assemblies are also 
stored at a private storage facility (GE Morris in Illinois) and at US Department of Energy (DOE) 
facilities (e.g., Idaho National Laboratory [INL]). Many of the reactor sites consist of more than one 
nuclear reactor and multiple SNF pools and dry storage pads. The US SNF inventory currently consists 
of approximately 76,000 metric ton of uranium (MTU) [1], and the US commercial reactors are 
discharging approximately 2000 MTU every year. This large volume of SNF inventory is also very 
diverse in terms of originating reactors (pressurized water reactors [PWRs] and boiling water reactors); 
fuel assembly class (e.g., 15×15, 16×16, 17×17, 8×8, 9×9, 10×10, and reactor-specific designs such as 
the 13×14 configuration used at Indian Point Unit 1); historical and current fuel manufacturers (e.g., 
Framatome [Historical], Areva, Global Nuclear Fuels [GNF], Westinghouse), and fuel assembly types 
(e.g., Westinghouse 17×17 Standard, GNF2). Most of the SNF assemblies (~66% [1]) are stored in the 
SNF pools; however, as pools have reached capacity limits, US utilities have implemented dry cask 
storage at a current rate of ~200 new casks loaded per year. The dry cask systems are also very diverse 
because the three major cask vendors, Areva TN, Holtec International, and NAC International, 
introduce new designs periodically to improve operational efficiencies. Figure 2 presents the 
population of various cask systems used by the US utilities. Because of the large volume and diverse 
systems, nationwide SNF management through its final disposition is a complex undertaking.  

 
Figure 1 SNF stored (both wet in SNF pools and dry at dry storage pads) at reactor 
sites in the United States. Data source: the Unified Database, last updated March, 

2016, based on GC-859 data released by the Energy Information Administration [2].  
 



Because onsite dry storage is expected to extend beyond the 20 years specified in the original license 
of the dry storage systems and installations, SNF management also needs to take into account the 
uncertainties related to aging of structures, systems, and components (SSCs) at operating and shutdown 
reactor sites. The current trend of irradiating nuclear fuel assemblies to high burnup values (> 45 
GWd/MTU) is also contributing to the uncertainties related to the aging SSCs. Regardless of the length 
of the storage period, SNF must eventually be transported from the reactor sites to off-site interim 
storage facilities (ISFs) or to a geological repository. Realistic time-dependent characterization of the 
SNF and related systems (e.g., cask systems) is therefore essential to (1) manage SNF during extended 
storage; (2) support a successful large-scale transportation campaign; (3) plan for, design, and operate 
ISFs; and (4) underpin eventual geological disposition of SNF. 
 
The Used Nuclear Fuel-Storage, Transportation & Disposal Analysis Resource and Data System 
(UNF-ST&DARDS) is being developed as a foundational resource for the DOE Office of Nuclear 
Energy to streamline computational analysis capabilities for the time-dependent characterization of 
SNF and related systems. The major objective is to provide system-wide waste management 
integration. UNF-ST&DARDS incorporates the Unified Database (UDB), a comprehensive, 
controlled, domestic SNF system database that is integrated with nuclear analysis capabilities to 
support various objectives related to SNF management and the fuel cycle analyses. The UDB is 
designed to preserve various assembly-specific and system-specific (e.g., dry-cask-specific) 
information for generations and can even be used to inform future generations after final disposition 
of SNF.  
 
This paper discusses direct application of UNF-ST&DARDS through various examples and shows 
how this unique tool can be used to provide integration between the major components of waste 
management, namely storage, transportation, and final disposition. 
 
 

 



Figure 2 The US cask inventory by major cask vendors. Data source: the Unified 
Database, last updated March, 2016, based on StoreFuel [3]. 

 
UNF-ST&DARDS 
UNF-ST&DARDS software architecture and safety analysis capabilities, including the capabilities to 
carry out criticality, shielding, and thermal analyses, were described in detail in Refs. 4 and 5. A brief 
description of UNF-ST&DARDS is provided in this section. Figure 3 is a graphical representation of 
UNF-ST&DARDS. UNF-ST&DARDS consists of six main elements: (1) a user interface (graphical 
as well as command line), (2) the UDB, (3) a UDB software development kit, (4) a template repository 
with constructs for specific nuclear safety analysis tools, (5) a template engine for processing and 
expanding templates to fully developed input files for nuclear analyses, and (6) a process manager that 
handles interactions between the different elements. The UDB can integrate with multiple 
computational tools and models and is being designed and developed to support systems and logistics 
analysis codes such as the Next Generation System Analysis Model, an integrated waste management 
system analysis tool being developed at Argonne National Laboratory. The nuclear safety analysis 
tools and their user interfaces are externally developed software tools that function independently but 
have been integrated into UNF-ST&DARDS for automating different analyses. Current nuclear safety 
analysis tools consist of SCALE [6], a comprehensive modeling and simulation suite for nuclear safety 
analysis and design, and COBRA-SFS [7], a thermal-hydraulic analysis code. 

 
Figure 3 UNF-ST&DARDS architecture and information flow within UNF-ST&DARDS. 

 
Various sets of technical data from multiple diverse sources (e.g., GC-859 [2], DOE studies, open 



literature, vendor data, utility data) are collected and consolidated into the UDB, a single controlled 
and relational database system. When basic information about the SNF and the cask system is provided, 
the data relationships defined in the UDB allow inputs to the respective codes to be built autonomously. 
These relationships eliminate the user interaction typically required to build the large number of 
computer code inputs needed for characterizing each site’s SNF. UNF-ST&DARDS currently provides 
the following nuclear safety analyses capabilities: 

• Depletion and decay: Provides SNF nuclide compositions (subsequently used in 
criticality analysis), heat load (subsequently used in thermal analysis), and radiation 
source (subsequently used in dose/shielding calculations); 

• Criticality: Calculates the neutron multiplication factor (keff) for as-loaded casks; 
• Thermal: Provides cladding and surface temperatures of as-loaded casks;  
• Shielding: Provides radiation dose rate maps outside the as-loaded casks, and;  
• Containment: calculates allowable leakage rate for as-loaded transportation casks. 

 
UNF-ST&DARDS Applications 
The three major SNF management components are SNF storage, transportation, and final disposal. 
The fundamental input required by the three components is the accurate characterization of SNF and 
related systems. The detailed assembly-specific (using assembly-specific data such as irradiation 
history) and cask-specific (using cask-specific data such as loading map) characterization as a function 
of time is a unique feature of UNF-ST&DARDS and facilitates proper understanding of the actual 
state of SNF at various stages before final disposition. In this section, specific applications of UNF-
ST&DARDS are discussed with examples. 
 
UDB 
The UDB is the central component of UNF-ST&DARDS and provides a credible, controlled data 
source for key information essential to each SNF management area (i.e., storage, transportation, and 
disposal) and preserves SNF-related information for future use. Any SNF-related analysis starts with 
the SNF inventory. The UDB within UNF-ST&DARDS contains data for ~245 thousand discharged 
assemblies from US commercial reactors (through June 2013), and is updated as additional information 
becomes available. Figure 4 shows the discharged assembly data binned as a function of burnup 
(gigawatt days per metric ton of uranium [GWd/MtU]) and cooling time (years). As illustrated in Fig. 
4, the SNF discharge burnup has steadily trended upwards over the last couple of decades, going from 
the range of 20 to 30 GWd/MtU to 40 to 50 GWd/MtU. Therefore, most of the recently discharged 
(less cool) assemblies are at or near high burnup (i.e., ≥45 GWd/MTU). The UDB also contains both 
originating and current storage locations of all the discharged assemblies throughout June 2013. In Fig. 
5, the plot of assembly location data from the UDB illustrates some of the historic SNF transfers within 
the United States between utilities and from utilities to DOE sites including national laboratories. 
Originating reactor information is essential for proper characterization of SNF assemblies, and 



understanding the material movement history is important for proper material accountancy. The UDB 
also stores various analysis results related to storage, transportation, and disposal (e.g., criticality 
analysis results for various disposal scenarios over a disposal time frame) that can be used for further 
interrogation and decision making.  
 

 
Figure 4 SNF inventory (discharged from US commercial reactors through June 

2013). 
 



 
Figure 5 Historic SNF transfers within the United States. 

 
Dry Storage Planning 
The data presented in Fig. 4 facilitates assembly-specific decay heat analysis as a function of time 
(automated within UNF-ST&DARDS). When combined with a site-specific SNF pool inventory, the 
analysis can be used to determine the total heat load of a pool, as shown in Fig. 6. Figure 6 presents 
the decay heat load (indicated by color and bubble size), discharge burnup, and initial enrichment of 
all the assemblies in a single example SNF pool in July 2015. The assembly-specific decay heat, 
burnup, and enrichment as presented in Fig. 6 are the key inputs that determine when the assemblies 
are qualified for dry storage in a specific dry storage system in compliance with that system’s certificate 
of compliance (COC).  
 



 
Figure 6 UNF-ST&DARDS site-specific results assembly decay heat by burnup and U-

235 initial enrichment (%). 
 
Transportability Determination of Already-Loaded Canisters 
Transportability of a loaded canister in dry storage is determined by considering various safety aspects 
with regard to decay heat, criticality, shielding (in designated transportation casks), thermal, 
containment, and structural integrity. This example shows how UNF-ST&DARDS assembly-specific 
and cask-specific characterization can use decay heat, criticality, shielding, and thermal data to assist 
with such a determination.  
 
1. Decay Heat 
Assembly-specific decay heat calculated for each assembly within UNF-ST&DARDS can be used to 
determine (1) when a loaded canister can be transported off site in accordance with its designated 
transportation cask’s COC, (2) internal component temperatures including cladding temperatures 
(relevant to identifying potential issues related to fuel rod structural integrity), and (3) canister surface 
temperatures as a function of time (relevant to system aging effects, e.g., canister’s susceptibility to 
stress corrosion cracking). Figure 7 shows the total calculated heat load of 1,821 loaded canisters at 



56 sites at the beginning of July 2015 as a function of the number of casks per site, ordered by 
decreasing decay heat. From the total heat load perspective, most of the loaded canisters presented in 
Fig. 7 are currently transportable in their designated transportation casks. Heat limits of transportation 
casks that recently received a COC from the Nuclear Regulatory Commission (NRC) are about 20 kW. 
Higher-heat-load transportation casks proposed by the cask vendors are currently under NRC review. 

 
Figure 7 UNF-ST&DARDS overview of cask decay heat results per reactor site. 

2. Criticality 
A dry storage system COC defines the limiting loading conditions and SNF characteristics for which 
the storage system’s final safety analysis report has demonstrated compliance with the regulations 
related to dry storage in the United States, found in Title 10, Part 72, of the Code of Federal Regulations 
(CFR) [8]. Most of the currently loaded canisters also have designated and separately certified 
transportation casks. Similar to storage systems, certified transportation packages have well-defined 
and bounding loading criteria that describe the acceptable contents for transportation in compliance 
with 10 CFR Part 71 [9] (regulations related to packaging and transportation in the United States). This 
separate approval approaches for storage and transportation casks can lead to inconsistencies such that 
contents approved for storage in a given dual-purpose (storage and transport) system COC do not meet 
the approved transportation requirements for that system.  



 
Burnup is typically not credited in dry SNF storage in the United States. Therefore, high-density PWR 
SNF canisters used for dry storage (32 or more assembly capacity) are typically loaded using soluble 
boron credit and moderator exclusion for criticality control. However, for obvious reasons, soluble 
boron cannot be credited during transportation, and burnup credit is sometimes used. Because of this 
inconsistent approach between storage and transportation approval processes, SNF loaded according 
to the storage COCs may fall into the “not acceptable” region of the transportation loading curves 
(average burnups vs. enrichments that yield equal reactivity) [Fig. 8(a)]. Therefore, SNF stored in an 
approved storage canister (approved under the storage system COC that hosts the canister) may not be 
transportable without substantially amending that canister’s designated transportation cask’s COC. 
However, loaded cask systems generally possess excess and uncredited criticality margins (i.e., the 
difference between the approval basis and the as-loaded calculations). This uncredited margin could 
be quantified by (1) employing more detailed cask-specific evaluations that credit the actual as-loaded 
cask inventory and (2) taking into account full (actinide and fission product) burnup credit. As-loaded 
analysis can be applied to integrate the analyses to demonstrate compliance with the dry cask storage 
(10 CFR Part 72) and transportation (10 CFR Part 71) regulations. This alternative approval approach 
would be analogous to 10 CFR Part 72 shielding evaluation where site-specific dose calculations are 
performed before actual loading to show compliance with 10 CFR Part 72 regulation. In this alternative 
approval approach, a general methodology for conducting as-loaded analysis would be developed and 
approved. The methodology would be applied during the loading process to confirm that the proposed 
loading meets the requirements of 10 CFR Parts 72 and 71. Calculated as-loaded keff results, which 
range from the loading date out to the year 2100 for Sites A and B, are presented in Fig. 8(b). Figure 8 
shows that, in terms of criticality, UNF-ST&DARDS as-loaded analysis can be used to justify 
transportability of as-loaded canisters. 
 
 

 



Figure 8 (a) Burnups vs. enrichment of loaded SNF at sites A and B in MPC-32 
cansiters along with MPC-32 transporation loading curves. Configurations are used 
to define reactor irradiation history (e.g., irradiation with control components) [11]. 

(b) Calculated keff results for as-loaded canisters as a function of time. 
 
3. Shielding 
A transportation package certified under 10 CFR Part 71 has dose limits on and near the external 
surfaces of the package. In addition to “as low as reasonably achievable” considerations (10 CFR Part 
20 [10]), the only regulatory dose requirement for a storage system is the site boundary dose. Therefore, 
storage COCs allow loading of more active fuel assemblies than that of the transportation COCs. This 
could result in a scenario (depending on the loading combination) where dose rates could be more 
limiting for determining transportability of a loaded canister. Figure 9 depicts such a scenario. Figure 
9 presents (1) decay heat (both assembly-specific and canister total) of five already-loaded BWR 
canisters at a site and (2) dose rates at 2 m from the designated transportation cask of the loaded BWR 
canisters in July 2020. Figure 9 shows that the five loaded canisters would be transportable in 2020 
with respect to decay heat alone (both assembly-specific and total), but Fig. 9 also shows that their 
dose rates are higher than that required by transportation regulations, and thus they would not be 
transportable in 2020. Therefore, UNF-ST&DARDS as-loaded analyses (in this case both decay heat 
and shielding) can be used to accurately determine the transportability of a loaded canister on a given 
date considering all possible scenarios. Approved content defined in the transportation COC may also 
be used to determine transportability of already-loaded canisters. Because of the bounding nature of 
the approved content, such determination would be very conservative and thus penalizing for planning 
purposes. 

 
Figure 9 (a) Assembly-specific decay heat for all the assemblies loaded in five BWR 
canisters at a site- and assembly-specific decay heat limit of the BWR canister in its 

designated transportation cask (b) As-loaded total decay heat for the five BWR 
canisters and dose rates at 2 m from the designated transportation cask with 



corresponding decay heat limit (certificate of compliance) and dose rate limit 
(regulatory). 

 
4. Thermal 
A wide range of degradation mechanisms related to fuel assemblies and canisters are affected by 
temperature. For the cladding, temperature-dependent phenomena include creep and annealing, 
hydride reorientation and embrittlement, and the ductile-to-brittle transition[12]. Temperature can also 
influence the long-term integrity of the cask system; phenomena induced by temperature over the long 
term include deliquescence, corrosion, and stress-corrosion cracking. Therefore, accurate 
determination of the temperatures of various components is needed to better determine potential safety-
related issues during transportation after extended storage and to ensure retrievability after 
transportation. 
 
The thermal analysis capability within UNF-ST&DARDS focuses on the ability to perform more 
realistic analyses (compared to conservative analyses used for approval) for as-loaded casks using 
COBRA-SFS, a subchannel code that provides pin-level resolution of temperatures within a canister. 
UNF-ST&DARDS includes the capability to assess the drying, transfer (from fuel handling building 
to storage pad), and long-term dry storage of the SNF. Figure 10 illustrates the peak cladding 
temperature (PCT) of the SNF within a specific as-loaded canister for a site. The PCT predictions are 
provided for the canister drying and transfer operations and for long-term storage in a horizontal 
storage module. Predicted as-loaded decay heat for each assembly and power profile are utilized. 
Figure 10 indicates that the PCT for this case is not favorable for hydride reorientation and related 
embrittlement. Therefore, this canister may be transportable within a certain time frame without 
adversely affecting assembly structural performance. Hydride reorientation and the resulting 
embrittlement of clad depend on several factors not considered here (e.g., fuel rod internal pressure). 
Assembly-specific fuel rod internal pressure analysis capability is currently under development for 
future inclusion in UNF-ST&DARDS.  



 
 

Figure 10 Peak cladding temperature as function of time.  
 
Thus UNF-ST&DARDS can make a holistic determination of transportability of an already-loaded 
canister on a given date by evaluating various safety aspects in an integrated fashion.  
 
Disposability of Loaded Canister from the Standpoint of Criticality 
UNF-ST&DARDS as-loaded criticality analysis can be used to determine the disposability of currently 
loaded canisters [13]. The uncredited margins associated with actual fuel loading can offset the 
increase in reactivity because of canister flooding and the associated geometrical changes that can 
occur in the disposal environment as structures, systems, and components degrade. Figure 11 presents 
the as-loaded keffs of 339 loaded canisters (at 16 sites) for a degradation scenario that includes loss of 
basket neutron absorber. Out of 339 loaded canisters, only 36 (~11%) are above the criticality limit in 
calendar year 9999. Most of the canisters would exceed the criticality limit with loss of neutron 
absorbers if they were analyzed with the design-basis fuel used for approval process. Therefore, the 
UNF-ST&DARDS as-loaded criticality analysis can be used to accurately determine disposability of 
the loaded canisters and to determine other means (e.g., precondition the canisters with filler materials 
for moderator displacement), if needed, to supress criticality.  
 



 
Figure 11 keff vs calendar year for a degradation scenario involving loss of basket 
neutron absorber, based on actual loading. The number within the bracket in the 
legend indicates number of canisters. The calendar year in x-axis is not to scale. 

 
Conclusion 
This paper discusses various features of UNF-ST&DARDS, including (1) a comprehensive SNF 
database and (2) automated assembly-specific and cask-specific characterization of SNF. This paper 
also discusses various applications of assembly-specific and cask-specific characterization that could 
be used to provide integration between storage, transportation, and eventual disposal. Other potential 
applications of UNF-ST&DARDS include  

• fuel cycle analysis [14] (e.g., analysis of characteristics for fuel recycle);  
• safeguard and security evaluation [15] using assembly-specific characteristics;  
• cask/canister COC amendment (e.g., amending transportation COC to allow transport of all 

already-loaded canisters) [16];  
• cask/canister new COC application/renewal (e.g., safety margin [4] from as-loaded analyses 

used to offset high-burnup fuel long-term performance and system aging-related uncertainties);  
• planning for large-scale transportation (e.g., realistic assessment of worker dose and dose to a 

member of the general public);  



• designing and licensing of an interim storage facility (e.g., realistic analysis of facility dose and 
dose during fuel handling); and  

• research and development prioritization by identifying or eliminating data/knowledge gaps 
(e.g., whether the peak cladding temperature of loaded canisters were favorable for hydride 
reorientation).  

 
The UDB continues to expand the set of data available for analysis, allowing UNF-ST&DARDS to 
continue adding to the list of streamlined, automated analyses. Automated report generation 
capabilities built on the UDB can currently generate fuel characteristics, inventory, and cask database 
reports in various formats (e.g., pdf, HTML) dynamically. A limited visualization of some of the UDB 
data can be found at https://curie.ornl.gov/map. 
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UNF-ST&DARDS is being developed as 
an integrating (storage, transportation, 
and disposal) foundational resource 

Used Nuclear Fuel-Storage, Transportation & Disposal Analysis 
Resource and Data System (UNF-ST&DARDS) provides a spent 
nuclear fuel (SNF) database and integrated analysis tools 

Objective is to develop a comprehensive system for analysis of the 
SNF from the time it is discharged from the reactor to the time it is 
disposed of in a geologic repository 

Applications include: 
• Identification of potential issues and prioritization of research and development  
• Supply of fundamental data for informed decision making at various stages 

(storage, transportation, and disposal) of SNF management 
– Example: Determine transportability of loaded canisters 

• Supply of data for fuel cycle analysis as well as safeguard and security 
determination 

• Various licensing/certification activities (e.g., integration between storage and 
transportation licensing practices) 
 

 



4 

Outline 

Overview of SNF, related systems, and current status in the 
United States 

 Introduction of the Used Nuclear Fuel-Storage, Transportation & 
Disposal Analysis Resource and Data System – UNF-ST&DARDS 

Application of UNF-ST&DARDS 
• Identification of various trends important for answering existing and 

emerging issues 
• Direct applications in various areas such as safety, licensing, and planning 

for large-scale transportation 
Conclusions  
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Planning for the large-scale transportation, 
interim storage, and ultimate disposition of 
the SNF is complex 

SNF is stored 
throughout the 
United States 
• 74 reactor sites 

including 13 shutdown 
sites in 33 states 

SNF inventory 
increasing 
annually 
• ~2000 MTHM/y 

 

Dry storage at Trojan 
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The large SNF volumes and diverse 
systems in the United States make 
system-wide planning more complex 

Fuel inventory 
categorized by 
assembly vendor and 
lattice size 

Assembly types within a class shown 
by different colors 
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Any SNF related activity starts with 
understanding the SNF characteristics 

SNF and related 
systems characteristics 
can be categorized into: 
• Base Characteristics: 

fuel geometry, materials, 
reactor irradiation 
histories (e.g., cycle 
length, specific power 
etc.), cask system, cask 
loading patterns used to 
store SNF 

• Derived Characteristics: 
decay heat, isotopic 
composition, radiation 
sources, cask criticality, 
transportation cask dose 
rates 
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UNF-ST&DARDS integrates data with 
analysis capabilities to simplify SNF 
characterization process 

Unified Database 
consolidates key 
information from 
multiple sources 
and preserves data 

Data relations 
facilitate analysis 
automation 



9 

The Unified Database within UNF-
ST&DARDS provides reference 
tracebility through curie.ornl.gov 



10 

A unique capability within UNF-ST&DARDS  
is the performance of actual assembly-
specific and cask-specific evaluations 

Understanding current  
conditions and practice  
versus hypothetical  
bounding scenarios  
(i.e., realistic margins) 
• Enables practical  

approaches to address 
SNF structural integrity 
related issues (aging 
management) 

• Enables improved 
operational 
flexibility 

• Potentially enable direct  
disposal of existing 
canisters 
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UNF-ST&DARDS is a unique capability 
with broad applicability 
 

Application of UNF-ST&DARDS 
• Identification of various trends important for answering existing and 

emerging issues 
• Direct applications in various areas such as safety, licensing, and 

planning for large-scale transportation 
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The Unified Database provides a 
credible, controlled data source and 
key information for SNF management 
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The Unified Database provides 
material movement history and proper 
material accountancy 

Pu-239 and Pu-241 mass (in metric ton)  
from commercial SNF in year 2020 
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UNF-ST&DARDS assembly-specific 
decay analysis can be used for dry 
storage planning 
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Canisters loaded at each reactor site 

UNF-ST&DARDS cask specific 
information facilitates transportation 
planning 

Canister Transportation 
Cask 

Length with 
Impact Limiter 

(in) 

Diameter with 
Impact Limiter 

(in) 

Loaded 
Weight (lb) 

MPC-24, 
MPC-32, 
MPC-68 

HI-STAR 307.5 128.0 272,622- 
279,893  

NUHOMS-
37PTH, 

NUHOMS-
61BTH 

MP197HB 271.25  126.0  303,600  

CY-MPC, 
LACBWR NAC-STC 273.7   128.0  241,664- 

254,589  

W74T TS125 342.4  143.5  285,000  
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UNF-ST&DARDS can be used to determine 
when a loaded canister is transportable 
from a decay heat standpoint 

Assembly-specific 
decay heat calculated 
within UNF-
ST&DARDS can be 
used to determine 
when a loaded canister 
can be transported 

  Decay heat is also 
used to determine 
• Internal component 

temperature including 
cladding temperature  

• Canister surface 
temperature 
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UNF-ST&DARDS can be used to 
determine whether a loaded canister is 
transportable from a criticality standpoint 

SNF loaded following the 
storage COCs may not be 
transportable 

However, loaded canisters 
generally possess excess and 
uncredited criticality margins 
(difference between licensing 
and as-loaded) 
• As-loaded analysis can be used for 

license amendment and integrating 
storage and transportation analysis 
approaches 
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UNF-ST&DARDS can be used to 
determine when a loaded canister is 
transportable from a shielding standpoint 
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UNF-ST&DARDS can be used to answer 
concerns related to fuel structural 
integrity after extended storage 

UNF-ST&DARDS 
includes the capability 
to assess temperature 
changes during drying, 
transfer, and long term 
dry storage of SNF 

Temperature-dependent 
phenomena include  
• cladding creep  
• hydride reorientation  
• ductile-to-brittle transition  
• potential stress corrosion 

cracking of canisters 
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Conclusion: UNF-ST&DARDS 
provides the foundation of an 
integrated SNF management system 

UNF-ST&DARDS is a comprehensive, integrated data and 
analysis system 

UNF-ST&DARDS is being developed to support the design, 
licensing, safety, security, and eventual disposal of SNF systems 
• Ready access to characteristics of all the SNF assemblies enables 

informed decisions relative to system design, safety, security, fuel cycle 
options, and disposition 

• Realistic cask-specific safety margin can be used to offset uncertainties 
associated with continued fuel integrity and direct disposal 

• Ready access to various SNF related data helps to prioritize R&D on the 
most important issues 

• Proper characterization of systems supports aging management and 
planning for interim storage and associated transportation and disposal 

• Preserves the SNF information for decades during which SNF related 
issues will be addressed (Knowledge Management) 
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Proposed Draft Nuclear Waste Policy Amendments Act of 2017 

• Removes State and Local Rights 

• Removes safety requirements for preventing radioactive leaks 

 

 

Tell your elected officials to oppose NWPA amendment because it: 

• Eliminates State and local control of water rights and other utility rights 

• Eliminates State and local oversight of facility  

• Eliminates requirements for site specific Environmental Impact Reports 

• Eliminates requirements for Monitored, Retrievable Fuel Storage for preventing 

radioactive leaks 

• Eliminates authorizations currently required by Congress and other checks and 

balances  

• Eliminates requirement to prioritize safety and environmental protections over 

cost and speed 

• Eliminates requirements to consider transport issues before selecting a site 

• Some of these eliminations also apply to Issa Bill HR 474 (Consolidated Interim 

Storage)  

 

 
 
 
 
 
 
 
 
 
Nuclear Waste Policy Amendments Act of 2017 
http://docs.house.gov/meetings/IF/IF18/20170426/105877/BILLS-115pih-
DiscussionDraftofHR___theNuclearWastePolicyAmendmentsActof2017.pdf 
 
H.R.474 - Interim Consolidated Storage Act of 2017 
https://www.congress.gov/bill/115th-congress/house-
bill/474?q=%7B%22search%22%3A%5B%22scott+peters%22%5D%7D 
 
U.S. Nuclear Waste Policy Act of 1982 
https://www.epw.senate.gov/nwpa82.pdf 
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                Darren  C. Bouton 

                Director of State Public Affairs  

 

 
             1201 K Street 

             Suite 1810 
             Sacramento, CA 95814               

             (916) 441-3966      

             Fax (916) 441-4047  
            Darren.Bouton@sce.com 

 

May 11, 2017 

 

The Honorable Lorena Gonzalez Fletcher, Chair 

Assembly Committee on Appropriations  

State Capitol, Room 2114 

Sacramento, CA 95814 

 

Re: AB 1207 (Brough): As Amended March 28 – Support 

 

Dear Chairman Gonzalez Fletcher: 

 

Southern California Edison (SCE) is pleased to support AB 1207, which would promote the safe transportation of used 

nuclear fuel by requiring the California Energy Commission (CEC) to study the efficacy of regulations on the 

transportation of radioactive materials in minimizing the risks to public health and safety.  SCE is firmly committed to 

public safety and to ensuring the safe and secure transportation of used nuclear fuel from the retired San Onofre nuclear 

plant to a licensed off-site storage facility.   

 

At the federal level, the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Department of Transportation are 

responsible for regulating used fuel transport and have enacted security regulations and orders to provide protection from 

potential threats where used fuel is shipped from one location to another.  The NRC oversees advanced planning and 

coordination with state agencies, shipment inspection and certification and active monitoring of the shipments as they are 

transported.  According to the NRC, over the last 40 years, thousands of shipments of commercially-generated used fuel 

have been made throughout the United States without causing any radiological releases to the environment or harm to the 

public.  AB 1207 complements existing federal efforts to ensure the secure transportation of used nuclear fuel from 

California, when the time comes.   

 

Safely managing the storage and transportation of used nuclear fuel while protecting the public and the environment is 

one of SCE’s missions.  SCE supports all safe and reasonable options for off-site storage of used nuclear fuel and looks 

forward to continuing its collaboration with the appropriate federal and state agencies to ensure the safe transport of used 

fuel to such storage locations.  

 

This bill reaffirms the important commitment to the planning and communication required between federal, state and local 

agencies to transport used nuclear fuel.  For these reasons, SCE supports AB 1207 and asks for your “AYE” vote.  

 

Sincerely,         

 
Darren Bouton  

Director of  State Public Affairs 

 

cc: Assembly Member Bill Brough   

Assembly Member Frank Bigelow, Vice Chair of the Assembly Committee on Appropriations 

Members, Assembly Committee on Appropriations 

Jennifer Galehouse, Chief Deputy Consultant, Assembly Committee on Appropriations 

Jared Yoshiki, Consultant, Assembly Republican Caucus 
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5f12-be22-8b84ae946d2b.html
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More than 1K metric tons of spent
uranium fuel still in temporary storage in
Nebraska
NICHOLAS BERGIN Lincoln Journal Star  May 18, 2017 Updated 4 hrs ago

Fort Calhoun Nuclear Station powered kitchen blenders, cash registers

and televisions in eastern Nebraska for more than four decades by

harnessing the energy released by splitting uranium atoms.

 Close!

OPPD

Operators peer-checking instructions during the final shutdown process of Fort Calhoun Station in
2016.

" #

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstcqKfIB_eWJQWREW-wgwWuRpE5pu6ud4Uyq_9nbfhyHIWTcd8-gwEqpfIvP2k0qOWJLintkF6CF93wiacKVPDHL3gCbU2g8NRQfW_R7kZzuBwbKl4PxmwPhM5vlf8QxXkVSDaYcGKX475ZxDLyQcg43iQtPlkml1XO9C2_-StMfRZH4SXR1dY0xqOQ7lEFusoY4lo9ymWxSX95kJIqRQqwg3yyBNL0l8W1XA-OGxr2WVD8hA1gL0EAepn2CCvU_TmcqsjyMQfEW9jzC1ZL6Tas0SyUHiwKVQ&sig=Cg0ArKJSzMg4Zpx_ubWh&adurl=https://www.woodlandhillsgolf.com/%3Futm_source%3Djournalstar%26utm_medium%3DBillboard%26utm_campaign%3DUpTo35Off&nm=1
https://journalstar.com/users/profile/Nicholas%20Bergin
http://journalstar.com/content/tncms/live/#1


Deemed too expensive to keep running, the power station’s generators

ceased spinning Oct. 24. Yet a highly radioactive legacy remains.  

Spent fuel rods — nuclear waste potent for thousands of years — will

remain along the Missouri River’s west bank for the foreseeable future.

Fort Calhoun and the larger still-operating Cooper Nuclear Station,

south of Brownville, had 1,010 metric tons of used uranium fuel in

temporary storage as of February, according to the Nuclear Energy

Institute. 

While the 1982 Nuclear Waste Policy Act tasked the federal government

with disposing of highly radioactive waste, politics got in the way.

So instead of America’s old, unwanted uranium being shipped to an

underground tomb at Yucca Mountain in Nevada, it’s instead stored at

77 sites — 18 of which are decommissioned nuclear power plants — in

35 states.

The Obama administration officially put the Yucca Mountain project on

ice in 2011 after Nevada Sen. Harry Reid, who retired at the end of

2016, successfully led an effort to starve it of funding. Reid argued the

project is a danger to the people of his state and the mountain simply

not a good place for the nation’s high-level nuclear waste.

But the Yucca Mountain debate could be poised for a comeback. In his

federal budget blueprint, President Donald Trump listed $120 million to

restart the Yucca Mountain licensing process.

Both of Nevada’s current U.S. senators, Republican Dean Heller and

Democrat Catherine Cortez Masto, have condemned the idea of dusting

off the old project.

“Trump’s attempt to revive Yucca Mountain is naive and would be a

colossal waste of taxpayer money. Recent reports estimate that

licensing hearings alone would cost more than $1.6 billion. Yucca

Mountain is nothing more than a hole in the ground and will never be a

viable solution for dealing with nuclear waste,” Cortez Masto said in a

March statement.

Congressional lawmakers in the House Energy and Commerce

Committee feel it's at least worth talking about and have introduced a

“discussion draft” of legislation to update the Nuclear Waste Policy Act

that would fast-track approval of the Yucca Mountain repository.

Concern over lost jobs
Meanwhile, at Cooper, Fort Calhoun and nuclear power stations across

the nation, bundles of spent fuel rods are moved from reactors into

deep pools with circulating water to control the heat from their

radioactive decay.

https://www.nei.org/Knowledge-Center/Nuclear-Statistics/On-Site-Storage-of-Nuclear-Waste/US-State-by-State-Used-Fuel-and-Payments-to-the-Nu


But those pools were never meant to store fuel rods permanently. After

decades of use, they began filling up, forcing nuclear utilities to seek

storage alternatives while they wait for the federal government to find

another solution.

As a stopgap measure, power plants have begun storing cooled rods

inside steel canisters that are then encased in cement silos. Without a

permanent repository, those dry-cask storage units will remain

stranded long after the reactors retire, possibly for centuries.

Jim Realph, mayor of Blair, the closest town to Fort Calhoun Nuclear

Station, said the vast majority of people living in the shadow of the

shuttered nuclear reactor are more concerned about the loss of jobs

than the spent fuel.

“If they want to move it (spent fuel), that’s OK, but it doesn’t bother me

if they don’t. I don’t have any desire to keep it, that’s for sure,” he said.

Realph moved to Nebraska about the same time engineers broke

ground on Fort Calhoun in February 1968. He taught science at Blair

Junior High School. Omaha Public Power District engineers used to give

an annual presentation on nuclear fission to his eighth-grade class.

After 45 years, he said, people generally don’t give the nuclear aspect of

Fort Calhoun much thought anymore.

“I don’t think most people, it crosses their mind one way or the other,”

he said.

OPPD estimates the 50-year process of cleaning up the 660-acre Fort

Calhoun site will cost more than $1 billion. The utility is preparing the

non-nuclear side of the plant for dismantlement, including asbestos

removal and demolition of outbuildings.

Geological disposal best answer
While the nuclear industry could keep its spent fuel safe for decades or

centuries, some of the elements will continue to decay for millions of

years, likely longer than the United States or even the human race will

continue to exist, said Rod McCullum, senior director of fuels and

decommissioning with the Nuclear Energy Institute, a lobbying group.

“There are a lot of things politicians disagree on in used fuel, but there

certainly is one thing scientists agree on, that geologic disposal is the

ultimate answer,” McCullum said. “You really have to get deep

underground with a sophisticated facility to isolate those million-year

isotopes. … Those repositories are designed to outlast our institutions.”

McCullum added that a central repository is also more cost-effective

and secure than having spent fuel spread out across the nation.

http://%20https//www.nrc.gov/waste/spent-fuel-storage.html


U.S. Department of Energy estimates put the cost of building the Yucca

Mountain facility in 2017 dollars at $43.52 billion to $59.54 billion, while

the cost of doing nothing over the next 100 years would be $76.1 billion

to $84.69 billion.

The price of building dry-cask storage systems and the concrete pads

they sit on was paid for mostly by the U.S. Energy Department as part of

settling lawsuits filed by numerous utilities. The utilities had been

paying about $750 million a year to have the federal government

dispose of their spent nuclear fuel in an underground facility that never

materialized. Those utilities sought to recoup the cost of storing their

own fuel through lawsuits, and a 2014 court ruling halted the collection

of fees.

The Energy Department has estimated its legal liabilities will amount to

about $30 billion, assuming it can begin taking spent fuel by 2021 to

store at interim facilities.

The Energy Department in 2015 said it would look for interim storage

sites through a “consent-based” approach, which means getting the

input of communities rather than forcing a project through local

opposition. Companies in both Texas and New Mexico with the backing

of local leaders have applied for licensing to the Nuclear Regulatory

Commission to build interim storage sites.

Reach the writer at 402-473-7304 or nbergin@journalstar.com.

 On Twitter @ljsbergin.
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Fort Calhoun nuke plant goes dark
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EXECUTIVE SUMMARY 
This report is a revision to M3 milestone M3FT-16OR090402028 for the former Nuclear Fuels Storage 
and Transportation Planning Project (NFST), “Safety Record of SNF Shipments.” The US Department of 
Energy (DOE) has since established the Office of Integrated Waste Management (IWM), which builds on 
the work begun by NFST, to develop an integrated waste management system for spent nuclear fuel 
(SNF), including the development of a large-scale transportation system for the safe transport of SNF to 
storage or disposal facilities.  

The US does not currently operate a large-scale transportation system for SNF, but there is extensive 
experience worldwide in transporting SNF safely. This report contains a review of publicly available 
information on SNF transportation worldwide. Estimates were developed to ascertain the number of fuel 
assemblies, the number of tons of SNF shipped, and the number of shipments made between 1962 and 
2016 worldwide. Data are not available for all countries, and statistics are also incomplete for many of the 
countries that have supplied information, so all quantities shown are lower bounds. However, from this 
review, it can be concluded that: 

• At least 25,400 shipments of SNF have been made worldwide, but likely more than 44,400. It is 
likely that significantly more cask shipments have been made for all forms of SNF considered. 
The shipments within and into the US account for approximately 10 to 17 percent of this total.  

• The quantity of SNF shipped worldwide to date is at least 87,000 metric tons of heavy metal 
(MTHM) and likely more than 109,000 MTHM. This is considered a lower bound since many of 
the data sources did not report on the heavy metal quantities shipped. Of the quantities reported 
here, the US accounts for only about 5 to7 percent of the total. 

Additionally, the study identified that at least 130 cask shipments of vitrified high-level radioactive waste 
(HLW) containing more than 2,350 canisters of HLW have been reprocessed at the plant in La Hague, 
France, and shipped back to the countries where the SNF originated. 

Review of the data sources shows that all of these shipments were undertaken without any injury or loss 
of life caused by the radioactive nature of the material transported. In general, there have been few 
transportation accidents worldwide in the history of transporting SNF, and none have had significant 
radiological consequences. This report investigates incidents in SNF and HLW transportation for which 
information could be found. These incidents may be classified as transportation accidents, instances of 
equipment contamination which occurred during transport of SNF, problems with or failure of 
conveyances, or disruptions to the transport of radioactive material. 

Accidents have been infrequent in SNF and HLW transportation, and most have been minor accidents 
such as low-speed derailments or minor traffic accidents. Instances of radioactive contamination on SNF 
and HLW casks and the vehicles that carry them have occurred more frequently than transportation 
accidents, but these instances were still infrequent when compared to the overall number of shipments 
which were made in several countries over the years. Contamination was found on shipments within the 
US in the 1970s and 1980s and in Europe in the 1990s. After many studies, improvements in operating 
procedures at nuclear facilities, and enhanced regulatory oversight and enforcement of contamination 
limits, instances of radiological contamination of equipment have become less frequent.  

Although uncommon, disruptions to shipments have occurred recently in Germany. Thousands of people 
have attended nonviolent and violent protests, resulting in shipments being delayed. Although there have 
not been any radiological effects as a result these protests, injuries have occurred, shipments have been 
delayed, and millions of dollars in extra costs have been incurred.  

There have been very few incidents in the history of SNF transportation due to (1) the robust regulatory 
requirements in place for SNF shipping packages, commonly called casks, and (2) the high degree of 
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expertise of the package designers, manufacturers, and SNF shippers. However, a cask’s performance 
during a transportation accident, including its ability to contain radioactive contents and to provide 
adequate shielding and criticality safety, has always been a subject of concern to shippers, regulators, and 
the general public. This report examines an actual accident involving a loaded SNF cask that occurred 
during a shipment in the US in 1971. It was a severe accident in which a truck overturned and then the 
cask being transported on the truck separated from the trailer. To the knowledge of the authors, it was the 
most severe accident ever to occur during a shipment of SNF. However, the cask was only superficially 
damaged; it succeeded in containing all of the radioactive material, and furthermore, the SNF element 
inside the cask was undamaged. Photographs of the accident scene, the cask damage, the recovery of the 
cask from the accident site, and the SNF element are included in this report, along with a photograph of 
the cask upon its return to service after inspection and refurbishment. 

Following the case study of the accident involving SNF, this report presents a review of the US Nuclear 
Regulatory Commission (NRC) documents analyzing the risks inherent to SNF transportation. The NRC 
has conducted four studies attempting to quantify the risks in transporting SNF using the best available 
data, assumptions, and models. In every reinvestigation of SNF transportation risk assessment undertaken 
by the NRC, the radiological risks of SNF transportation have been estimated to be low in comparison to 
the risks inherent in truck and rail transportation. Furthermore, the collective dose received by the general 
public from SNF and HLW shipments is four orders of magnitude smaller than the naturally occurring 
background dose received by the same population in the same period of time. 

As computational analysis methods have improved, estimated risks of SNF transportation have decreased. 
In the earliest risk assessment reports, it was assumed that casks would rupture in accidents and release all 
of their contents since the mechanisms for cask failure could not be modeled. As methods improved, it 
became possible to model strains on cask components and SNF rods, as well as the effects of high 
temperatures on containment seals and cask shielding. As more detailed and realistic simulations were 
performed, it became possible to reduce the uncertainty associated with risk analysis, thereby providing 
more reliable estimates of the actual risks involved in transportation.  

Since the first investigation of SNF transportation risk by the NRC, regulations on casks have always 
been found adequate to protect the health and safety of the public in the event of a transportation accident. 
The hypothetical accident conditions described in the regulations are, in fact, much more severe than the 
majority of potential transportation accidents.  

This report shows that transportation of SNF has been accomplished routinely and safely in many 
countries around the world, including the US, for decades.  
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1. INTRODUCTION 
The US Department of Energy (DOE) tasked the former Nuclear Fuels Storage and Transportation 
Planning Project (NFST) with laying the groundwork for interim storage of spent nuclear fuel (SNF) and 
high-level radioactive waste (HLW), including associated transportation. DOE has since established the 
Office of Integrated Waste Management to develop a waste management system for SNF and HLW, 
including the development of a transportation system. The US does not currently operate a large-scale 
transportation system for SNF and HLW, but there is extensive experience worldwide in transporting 
SNF and HLW safely.  

This report reviews publicly available information on SNF transportation worldwide. Based on this 
review, estimates are made of the number of fuel assemblies shipped, the number of tons of SNF shipped, 
and the number of shipments made between 1962 and 2016 worldwide. Data are not available for all 
countries, and statistics are incomplete for many countries that have supplied information, so all quantities 
shown are considered lower bounds. However, it is clear that tens of thousands of tons of SNF have been 
transported safely in tens of thousands of shipments worldwide over the past fifty years. 

In addition, this report catalogs past transportation incidents involving the transportation of SNF and 
HLW. In general, there have been few transportation accidents in the history of transporting SNF, none of 
which have significant radiological consequences. There has never been an injury-causing release of 
radioactive material in a transportation incident involving SNF or HLW. The transportation incidents 
described in this report may be classified as transportation accidents, instances of contaminated 
equipment transporting SNF, problems with or failure of conveyances, and disruptions to transporting 
radioactive material. 

There have been very few incidents in the history of SNF transportation due to (1) the robust regulatory 
requirements in place for SNF shipping packages or casks, and (2) the high degree of expertise of the 
package designers, manufacturers, and SNF shippers. However, a cask’s performance during a 
transportation accident, including its ability to contain radioactive contents and to provide adequate 
criticality shielding and safety, has always been a subject of concern to shippers, regulators, and the 
general public. This report examines an actual accident involving a loaded SNF cask that occurred during 
a shipment in the US in 1971. It was a severe accident in which a truck overturned and then the cask 
being transported on the truck separated from the trailer. To the knowledge of the authors, it was the most 
severe accident ever to have occurred during a shipment of SNF. However, the cask was only 
superficially damaged, and it succeeded in containing all of the radioactive material; the SNF element 
inside the cask was undamaged. 

Following the case study of an accident involving SNF, this report presents a review of the US Nuclear 
Regulatory Commission (NRC) documents that analyzing the risks inherent to SNF transportation. The 
NRC has conducted four studies attempting to quantify the risks in transporting SNF using the best 
available data, assumptions, and models. Each NRC study has estimated the risks to be lower than the 
previous study, as models and estimates have become more realistic, and fewer overly conservative 
assumptions were made to account for gaps in data. 

This report shows that transportation of SNF has been accomplished routinely and safely in many 
countries around the world, including the US, for decades. It is proposed that this report be used as the 
starting point for a database of SNF and HLW transportation incidents worldwide to be maintained 
continuously. By learning from past incidents, shippers of SNF and HLW can continue to make safe 
shipments while avoiding mistakes made in the past. Furthermore, it will be beneficial for all stakeholders 
to have an accurate and balanced source of information regarding the transportation of SNF and HLW. 
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2. SHIPMENTS OF SNF AND HLW IN THE US AND WORLDWIDE 
This section summarizes the estimates of SNF and HLW made in the US and worldwide. These are 
indeed “estimates” because there is no comprehensive, reliable source of this information. The estimates 
are derived from reports of past efforts made to quantify these shipments, as well as various documents 
available in the popular scientific literature listing specific shipments or shipment campaigns.  

2.1 Estimates of Worldwide Shipments of Radioactive Material in 
Type B Packages Published in 1986 

The first attempt to make a comprehensive worldwide assessment of radioactive material shipments, 
including SNF and HLW shipments, was undertaken by the International Atomic Energy Agency (IAEA) 
with the assistance of consultants from various countries. This effort was undertaken by the IAEA based 
on a recommendation from the first meeting of the Standing Advisory Group on the Safe Transport of 
Radioactive Material (SAGSTRAM). The group determined that it was not viable to seek such data on a 
continuing basis, so they made a one-time effort to take a snapshot of what was then being shipped 
throughout the world.  

In 1980, a request went out to all IAEA member states for “summary information based on the best data 
available to or collected by the competent authorities over an initial one-year reporting period.” The effort 
summarized in a Packaging and Transportation of Radioactive Materials (PATRAM) paper (Pope and 
McClure 1986) indicated that 49 countries responded to the request, but data from only 35 countries were 
found to be useful. In addition, 12 countries acknowledged receipt of the request but then did not reply. 
Many responding countries acknowledged that the data provided were not complete. For example, it was 
found that of the 35 countries responding: 

• 21 provided data on international shipments, but 10 of these data sets were judged to be 
incomplete, and 

• 31 provided data on their domestic shipments, but 12 of these were judged to be incomplete. 

Also, it was noted that the data provided were from countries representing only ~26 percent of the world’s 
population, 55 percent of the world’s gross domestic product, and 80 percent of the then-installed nuclear 
power generating capacity. 

In addition, the time periods reported varied significantly. Some respondents did not specify the time 
period of shipments, while others provided data for varying periods from 1979 through 1982. 

The data request omitted key pieces of information that would have helped with the current analysis. 
Namely, it did not ask respondents for the number of SNF and/or HLW shipments, but only asked that 
shipments be specified by package type. Recognizing that all SNF and HLW shipments would occur in 
Type B packages, Table 2-1 provides a rough estimate summary of what was shipped annually in Type B 
packages for the 1979 to 1982 timeframe by the top 16 countries reporting. Thus, the number of SNF and 
HLW shipments according to this assessment would be less than the values shown in the table.  

The data in Table 2-1 were reported in terms of package shipments, which is defined for the purpose of 
the IAEA study as a “single package transported by a single mode of transport from an origin to a 
destination.” In addition, the number of shipments reported in Table 2-1 for Type B(U) and Type B(M) 
packages has been combined into the number of annual shipments in a Type B package. 

The total estimated Type B package shipments per year was estimated to be approximately 255,000. 
However, a good majority of those shipments came from three countries (Canada, the United Kingdom, 
and the United States), all three of which were at that time major suppliers of high activity sources for 
agriculture, industry, and medicine, thus requiring the use of Type B packages. Therefore, the total SNF 
and HLW shipments would likely have been a small fraction of the Type B shipments reported. 
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Table 2-1. Estimated number of annual shipments in Type B packages during 1979–1982*. 

Country reporting Estimated annual Type B package shipments 
Australia 0 
Canada ~78,800 
Finland 250 
France 1,200 
Federal Republic of Germany** 5,600 
Hungary 1,840 
Ireland 7,550 
Italy 6,700 
Japan 510 
Norway 250 
Poland 5,430 
South Africa 1,900 
Spain 1,320 
Sweden 250 
United Kingdom ~47,800 
United States of America ~96,000 
Total estimated annual Type B package shipments ~255,000 

*Adapted from Table V, Pope, 1986. 
**Otherwise known at that time as “West Germany”. 
 

A lesson learned from this effort was that it is difficult, if not impossible, to obtain a comprehensive, 
accurate assessment of the worldwide shipments of radioactive material. However, by considering reports 
and symposia presentations made voluntarily by governments, organizations, agencies, and companies, it 
is possible to gain insight into the types and quantities of shipments of radioactive materials, specifically 
of SNF and HLW, at different times. The next section reviews some of the specific data obtained from 
such reports and presentations. It is followed by an analysis of the IAEA’s second attempt to gain a global 
perspective of shipping rates in 2001. 

2.2 Typical Detailed Reports of SNF Shipments Reported from the 
1960s to 2016 

The typical SNF data presented in this section may overlap with data from various reports, so care must 
be taken when attempting to add the data for a comprehensive, US and/or world view. The data may not 
fully represent all shipments from a given entity, and the time periods for each data source often vary or 
may not be specified. The following summarizes typical results from presentations made by various 
entities primarily at the PATRAM symposium up to 2010 and from other sources as available. 

2.2.1 SNF Shipments Reported at PATRAM 1983 
Between 1962 and 1982, the United Kingdom Central Electricity Generating Board (CEGB) transported 
7,000 shipments of SNF from its various Magnox and Advanced Gas Reactor (AGR) Nuclear Power 
Plants (NPPs) to the Sellafield site for reprocessing (Mummery 1983). All shipments were made by rail 
using the CEGB-designed cuboid casks (known in the UK as flasks). 
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From 1966 through 1982, 4,451 metric tons of heavy metal (MTHM) in the form of spent natural uranium 
fuel was transported from various reactors in France to the Marcoule and La Hague Reprocessing Plants. 
The casks used for these shipments weighed approximately 54 metric tons each (Lenail 1983). 

During 1971–1972, approximately 1,000 irradiated materials test reactor fuel (MTR) elements were 
shipped from Canada to the European reprocessing plants at Mol, Belgium (Mangusi 1983). These 
shipments involved road and sea transport. 

From 1973 through 1982, 1,685 MTHM (>5,000 fuel elements) of spent light water reactor (LWR) fuel 
were transported from various European and Japanese NPPs to the La Hague Reprocessing Plant in 
France (Lenail 1983). The shipments were made by road, rail, and sea using casks ranging in weight from 
38 to 110 metric tons each.  

• The number of road transports ranged from 9 to 90 per year, with a total of 566 road shipments 
for the time period.  

• The number of sea transports between 1979 and 1982 (including road or rail transport at the 
beginning and end of the shipments) ranged from 29 per year to 106 per year, with a total of 266 
shipments for the time period. 

• Since most casks in these shipments weigh 80 metric tons or more, most shipments were made by 
rail, with road transportation used for the last 40 km distance from the Valognes terminal to La 
Hague. A total of 2,476 rail shipments during this leg of transport had occurred up to 1982. 

From about 1977 through 1982, approximately 175 shipments of more than 3,000 irradiated material test 
reactor (MTR) fuel elements were completed from various locations such as South Africa and Europe to 
either the Savannah River Site (SRS) or the Idaho National Laboratory (Mangusi 1983). These shipments, 
which involved both road and sea transport, resulted in more than 100,000 highway miles of transit. 

In late 1979, multiple shipments of SNF were made in the US using legal weight truck casks from the 
Turkey Point NPP to Battelle Memorial Laboratory in Ohio and the Nevada Test Site in Nevada. A total 
of 13 SNF assemblies were shipped (Sherman 1983). 

From 1979 to 1982, Japan made 34 shipments of 67 casks (with more than one cask per shipment) 
containing spent LWR fuel. These shipments were made from seven Japanese NPPs to the Tokai 
Reprocessing Plant (Onodera 1983). The shipments were primarily by sea, and a total of 198 MTHM was 
transported. 

2.2.2 SNF Shipments Reported at PATRAM 1986 
From 1964 to 1984, 4,141 commercial SNF assemblies had been transported by road in the US (McClure 
1987). 

At PATRAM 1986, Lenail and Curtis updated the shipment data they had presented at PATRAM 1983 
(Sect. 2.2.1) (Lenail 1987). It was reported that from 1966 through 1985, 3,755 cask shipments of SNF 
had been completed to the Marcoule and La Hague reprocessing plants in France. These shipments 
occurred by road, rail, and sea, and they had originated from European countries and Japan. Specifically: 

• 4,780 MTHM of gas-cooled reactor fuel comprising 1,580 cask shipments were completed to La 
Hague from 1966 through 1985. 

• 2,440 MTHM of gas-cooled reactor fuel comprising 510 cask shipments were completed to 
Marcoule from 1975 through 1985. 

• 4,120 MTHM of LWR fuel comprising 1,540 cask shipments were completed to La Hague from 
1973 through 1985. 
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• 10.6 MTHM of fast breeder reactor fuel comprising 125 cask shipments were completed to La 
Hague from 1968 to 1985.  

Thus, from 1966 through 1985, a total of 3,755 cask shipments comprising 11,351 MTHM of SNF were 
made to the Marcoule and La Hague reprocessing plants. 

From 1971 through mid-1986, 135 MTHM of SNF was transported from the Beznau I and Beznau-II 
NPPs in Switzerland to Sellafield in the UK (Dommann 1987). Shipments of SNF began from the 
Mühleberg NPP in 1975, with 134 MTHM transported to the La Hague reprocessing facility, and 
beginning in 1982, 100 MTHM of SNF were transported from the Mühleberg NPP through mid-1986. 
Also, shipments of SNF began from the Gösgen NPP in 1982, with 93 MTHM transported to the La 
Hague reprocessing facility through mid-1986. These shipments were made using a combination of road 
and rail. Figure 2.1 includes a photograph of the typical processing of large SNF casks between rail 
vehicles and a purpose-designed oceangoing vessel at the Barrow-in-Furness port facility in the UK. 

Between 1981 and 1985, three shipments of SNF were made from the Loviisa NPP in Finland to V/O 
Atomenergoexport (AEE) in the Soviet Union (Koskivirta 1987). The shipments, which were 
accomplished in the USSR by a combination of road and rail, were in 90 metric-ton Soviet-designed 
TK-6 casks. Each cask is capable of carrying approximately 3.6 MTHM.  

During 1983, six sea-borne shipments of SNF were made between various Swedish NPPs and the La 
Hague reprocessing plant in France (Gustafsson 1987). The total quantity of SNF shipped in that year was 
57 MTHM. The purpose-built vessel used for the Swedish shipments was the M/S Sigyn (see Fig. 2.2). 

Road shipments began in 1983 between various NPPs in the US and the West Valley Demonstration 
Project (WVDP), the Test Area North at the Idaho National Engineering Laboratory (INEL, currently 
“Idaho National Laboratory” [INL]), and Chem-Nuclear’s waste disposal facility at Barnwell, SC 
(Mangusi 1987). These shipments involved the use of two TN-8L casks and two TN-9 casks. The 
shipments were made from the Surry, Oyster Creek, and Dresden NPPs. By May 1986, 175 MTHM of 
SNF had been transported. 

Beginning in November of 1984 and ending in October 1985, 124.4 MTHM of SNF was transported from 
the Monticello NPP to the Morris, Illinois storage facility (Voiland 1987). These shipments, all made by 
rail, were made using the IF-300 rail cask. A total of 19 two-cask shipments were used in the campaign, 
which moved 684 BWR SNF elements to the Morris facility. 

During 1985 and early 1986, shipments of 252 MTHM of LWR (1,270 SNF elements) and BWR SNF 
have been made from Swedish NPPs to the Swedish AFR facility CLAB facility in Sweden, comprising 
82 cask shipments, 80 percent of which were by sea, and the remaining 20 percent were by road 
(Gustafsson 1987).  
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Fig. 2-1. Processing of casks between railcars and purpose-built vessel at Barrow-in-Furness  

(photo by coauthor R. B. Pope during June 2002 IAEA appraisal of the safety  
of the transport of radioactive material for the UK (IAEA 2002). 

 

 
Fig. 2-2. M/S Sigyn, specially designed Swedish vessel  

for SNF and HLW transport. (Posiva 2016). 
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2.2.3 SNF Shipments Reported at PATRAM 1989 
Shipment of Magnox SNF began in the United Kingdom in the 1962–1963 timeframe (Mummery 1983, 
Mummery 1989). Through 1989, more than 10,000 cask movements have occurred from both the 
Magnox and AGR power stations to the Sellafield plant. Shipments had been primarily by rail, but some 
segments of the shipments (up to 13 miles in length) were by road. 

Between 1973 and 1988, British Nuclear Fuels PLC in conjunction with Pacific Nuclear Transport 
Limited transported more than 570 casks (called flasks in the UK) of LWR fuel on 79 sea voyages from 
Japan to the United Kingdom (Gowing 1989). Each shipment involved land transport by road or rail at the 
beginning and end of the sea transport. 

In 1982, preparations began for shipment of 322 fuel elements from the Italian Garigliano NPP to the 
shutdown reactor at Saluggia in the Turin Province (Orsini 1989). The shipment campaign, which 
involved road transport of 46 cask shipments in an AGN1 cask, was completed in December 1987.  

For the period 1986–1988, Electricite de France (EDF) personnel reported that 3,894 SNF assemblies had 
been transported from various pressurized water reactor (PWR) NPPs in France to La Hague 
(Gouin 1989). 

During the period 1986 through 1989, 1,574 spent research reactor fuel (SRRF) elements were shipped 
from Taiwan to the United States (Cashwell 1989). These shipments were carried out by a combination of 
land and sea transport, with the destination site being the SRS in South Carolina and the INEL in Idaho. 
The last leg of these shipments was completed by rail. 

During 1986 to 1989, approximately 75 percent of the damaged core of the Three Mile Island (TMI)-2 
NPP was transported by rail from the TMI NPP in Pennsylvania to INEL (Reno 1989). A total of 40 cask 
loads of material was shipped. 

In 1986, 76 fuel assemblies were transported by road from the Surry NPP in Virginia and the Engine 
Maintenance Assembly and Disassembly (EMAD) facility at the Nevada Test Site (NTS) to INEL (Reno 
1989). Sixty of the assemblies were from the Surry NPP, whereas the remaining 17 assemblies emanated 
from the EMAD but originated from the Turkey Point NPP. 

In 1987, two SNF assemblies and part of a third assembly were transported from Battelle Columbus 
Division near Columbus, Ohio to INEL by road (Reno 1989). For the purpose of this document, it has 
been assumed that this was accomplished with one cask shipment. 

In 1988, 104 cask shipments were received at the CLAB facility in Sweden (Gustafsson 1989) as follows: 

• 76 cask shipments of PWR and BWR fuel from NPPs, 

• 9 cask shipments of core components, 

• 8 cask shipments of MOX fuel from West Germany, and 

• 11 cask shipments of fuel from the Åegsta NPP that had been shipped and stored at Studsvik. 

In 1989, a USSR paper reported that LWR SNF from WWER-1000 NPPs in the Soviet Union and the 
Ukraine had been transported by rail to reprocessing plants in the Soviet Union (Kondratyev 1989). 
Between 1985 and 1989, 12 trips were made (7 from the Novo-Voronezh NPP, 3 from the South 
Ukrainian NPP, and 2 from the Kalinin NPP). Based on the description of the casks used and the 
shipments made, approximately 117 MTHM had been shipped from these three sites. 

2.2.4 SNF Shipments Reported at PATRAM 1992 
From 1962 through 1992, the United Kingdom’s Nuclear Electric/CEGB had transported more than 
21,000 MTHM in approximately 13,000 cask (flask) shipments (Pannett 1992). 
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Between 1978 and 1992, SNF shipments occurred by sea from various Japanese NPPs to the Tokai-mura 
facility in the Ibaraki Prefecture of Japan (Nagano 1992). During this period, 564 MTHM had been 
transported in 204 cask shipments. 

At PATRAM 1992, the shipment of SNF in Sweden was updated (Dybeck 1992). From 1985 through 
1992, 1,600 MTHM had been transported to CLAB. 

During 1991, 114 shipments of irradiated material were made between Germany and other countries, and 
7 shipments were made domestically within Germany (Alter 1992).  

2.2.5 Total Shipments of SNF to La Hague up to 1992 
In a PATRAM 1992 presentation (Bernard 1992), it was reported that up until the date of the symposium 
in September 1992, 19,000 MTHM in 5,500 cask shipments had been received at the La Hague 
reprocessing facility in France, and an additional 13,000 MTHM from 110 NPPs in some 3,000 cask 
shipments were expected to be made.  

2.2.6 Estimated Total Shipments of SNF within the US to 1991 
Also during PATRAM 1992, a paper was presented (Pope 1992) summarizing the results of a study 
conducted for the Office of Civilian Radioactive Waste Management (OCRWM) in an attempt to 
understand and quantify the shipments of SNF in the United States for the period of 1964 through 
September 1991. The paper showed that approximately 2,700 power reactor SNF rail and truck cask 
shipments had occurred during the previous 28 years. In total, approximately 2,000 MTHM had been 
shipped.  

The data sources used in this study were DOE’s Shipment Mobility/Accountability (SMAC) database and 
the US Department of Transportation (DOT) Radioactive Material Routing Report (RAMRT).  

The summary table from this reference document is reproduced here as Table 2-2. 

Table 2-2. Summary of Commercial SNF Shipments, by Mode, in the United States from 1964 to 
1991. (Source: Pope 1992). 

 Road (truck) Rail (train) Totals 
Number of assemblies 4706.93 4673.71 9380.64 
Percentage of assemblies 50 50 100 
Number of shipments 2351 248 2599 
Percentage of shipments 90 10 100 
Number of loaded casks 2351 348 2699 
Percentage of loaded 
casks 

87 13 100 

Tonnage of SNF (MTU) 983.473 988.501 1971.974 
Percentage of tonnage 50 50 100 
Average tonnage of SNF 
per loaded cask 
(MTU/cask load) 

0.42 2.84 N/A 

 

In summary, the PATRAM 1992 report (Pope 1992) showed that, in the US during that 28-year period: 

• ~9,380 SNF assemblies had been transported in the US, 

• these assemblies were transported in 2,699 cask shipments,  

• all these shipments occurred by road (~90 percent) and rail (~10 percent), and 
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• the total mass of SNF transported was ~1,972 MTHM. 

For the United States, eight documents are cited in Sects. 2.2.1 through 2.2.4, but these incrementally 
represent fractions of those shipments accounted for in the comprehensive summary in Sect. 2.2.6. Thus, 
the data shown in Table 2-2 (Pope 1989) represent the best estimate of SNF shipped from commercial 
NPPs within the US during 1962–1989.  

In addition, two documents cited report a total of approximately 4,570 MTR, and other research reactor 
fuel elements were shipped from foreign countries to the US during 1977 to 1989 (Mangusi 1983, 
Cashwell 1989). 

Thus, combining the data for commercial NPPs with the incremental data for research reactors, at least 
14,250 SNF assemblies have been transported within or into the US. 

2.2.7 SNF Shipments Reported at PATRAM 1995 
From 1970 to 1994, more than 4,550 MTHM were shipped in 1,904 casks (flasks) by 1,562 individual 
shipments in Germany (Fasten 1995). Figure 2.3 compares the number of shipments made within 
Germany with those exported and those transiting the country by year. It was reported that 

Most of the spent fuel from the German nuclear power plants was transported to the reprocessing 
plants in France and in the United Kingdom. Some spent fuel was shipped also to Belgium (nine 
shipments in 1970), to Denmark (one shipment in 1983) and to Sweden (twelve shipments in 
1977, 1987, and 1988). The transport of spent fuel from the former GDR to Russia (from nuclear 
power plants Rheinsberg and Greifswald) was carried out in 1972 to 1985. They were stopped in 
1985, because the intermediate storage facility in Greifswald started operation. 

 
Fig. 2-3. Number of SNF shipments within, from, and transiting Germany, 1970 –1994 (Fasten 

1995). 

Data on nuclear material shipments made from 1990 through 1994 in Germany were summarized at 
PATRAM 1995 (Alter 1995). During that period, 336 shipments were made to reprocessing facilities in 
France and the UK, amounting to 365 cask shipments (302 to La Hague and 65 to Sellafield). Also, with 
the closing of the Kalkar fast-breeder reactor, 57 shipments involving 305 casks were shipped between 
1992 and 1995 to interim storage at the Ahaus facility. 
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2.2.8 SNF Shipments Reported at PATRAM 1998 
Shipments of plutonium (quantity unspecified) in the 1992–1993 timeframe (Nagakura 1998, Aoki 1995) 
were also reported. This plutonium, which resulted from the reprocessing of Japanese SNF “in foreign 
countries” (i.e., France and the UK), had been shipped by sea from Europe to Japan. Similarly, two 
shipments of 68 HLW canisters of vitrified HLW resulting from that reprocessing campaign had been 
made from France to Japan between 1995 and 1997 (Nagakura 1998, Nambu 1998).  

During late 1997 and early 1998, three truck shipments of DOE-owned aluminum-clad SNF were made 
between Oak Ridge National Laboratory (ORNL) and SRS in a BMI-1 cask (Shappert 1998). The three 
shipments, which were undertaken as part of the Reduced Enrichment Research and Test Reactor 
(RERTR) Program, contained a total of 18.6 kg of (~0.019 MTHM). 

During the period 1972 to 1997, 1,422 rail shipments of SNF occurred in Germany (Alter 1998). The 
origins and destinations of these shipments were not specified. 

From the period 1990 through 1995, 312 SNF assemblies were shipped in 78 “transportation cycles” (i.e., 
package shipments) using a 37 metric ton, road-transported KSC-4 shipping cask in the Republic of 
Korea (Lee 1998).  

In 1997, 76 MTR fuel assemblies loaded into two IU04 casks were transported by road and rail from Italy 
to France, then by maritime vessel to the United States, and then by rail within the US to SRS as part of 
the RERTR Program (Gila 1998). 

2.2.9 SNF Shipments Reported at PATRAM 2001 
Data presented at PATRAM 2001 (Mori 2001) for SNF transport within Japan are compared here with 
data from a series of papers presented at earlier PATRAM symposia (Nagakura 1998, Aoki 1995, Nagano 
1992). SNF transports within Japan through 2001 appear to have resulted in approximately 196 cask 
shipments; this generally agrees with the numbers shown earlier in Sect. 2.2 (Onodera 1983). The 
quantities shipped as specified in Mori 2001 and Nambu 1998 showed that from 1978 through 2001, 
approximately 900 MTHM were shipped domestically in Japan by a combination of short land transport 
(road and rail) at origin and destination, with intervening sea transport. The total number of maritime 
voyages of SNF was approximately 200. However, the combination of these Japanese papers results in 
significant differences in the quantity of SNF shipped, ranging from as low as ~900 to as much as ~2,100 
MTHM. Thus, the various sources of Japanese shipping data have been rationalized into a single set of 
data as discussed in Sect. 2.3. 

Sea transport for Japanese domestic shipments was accomplished with the “Hinoura Maru” (see Fig. 2.4). 
An example of land transport of SNF in Japan is shown in Fig. 2.5. 

Magnox SNF fuel assemblies were shipped from the Tokai NPP in Japan to the Sellafield reprocessing 
plant in the UK (Ohtaka 2001). From 1969 through 2001, 71 maritime shipments consisting of 130,000 
SNF elements containing 1,500 MTHM were shipped from the Tokai station. In addition (Ohtaka 2001), 
through 2001, approximately 2,000 SNF assemblies had been transported by maritime vessel from the 
BWR Tokai-2 NPP to Sellafield or La Hague. 

Shipments of MTR and TRIGA SNF from Europe, South America, Australia and Japan to the United 
States have occurred as part of the Foreign Research Reactor Spent Nuclear Fuel (FRR SNF) program 
(Schmidt 2001). These international shipments to SRS and Idaho Falls were accomplished using the MV 
Arneb maritime vessel. Seven shipments were made by 2001, with 1400 MTR SNF assemblies shipped to 
SRS and 202 TRIGA SNF assemblies shipped to Idaho. Figure 2.6 shows one of the casks used in these 
shipments, and Fig. 2.7 shows the MS-ARNEB at a port facility. 
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Fig. 2-4. The Japanese Hinoura Maru (Mori 2001). 

 

 
Fig. 2-5. Example of SNF land transport in Japan (Mori 2001). 
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Fig. 2-6. TN 7-2 transport cask loaded on a road vehicle used  

for transport of research reactor SNF (Schmidt 2001). 

 

 
Fig. 2-7. MS-ARNEB vessel with a security  

vehicle at a port facility (Schmidt 2001). 
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A paper presented at PATRAM 2001 discussed experience with shipments of a dual-purpose cask 
(Roland 2001), the TN 52L, which was the “first dual-purpose high capacity spent fuel cask ever to have 
been transported internationally.” The TN 52L weighs 118 metric tons loaded. Figure 2.8 shows the cask 
being loaded onto a heavy-haul road vehicle, and Fig. 2.9 shows the cask during road transit. However, 
the reference document does not specify the quantity of shipments made. 

 
Fig. 2-8. TN 52L dual-purpose SNF cask being loaded  

onto a heavy-haul road vehicle (Roland 2001). 

 
Fig. 2-9. TN52L dual-purpose SNF cask during transit  

on heavy-haul road vehicle (Roland 2001). 

Another paper presented at PATRAM 2001 outlined experience with the on-site loading and storage of 
dual-purpose casks in Europe (Sicard 2001). From 1995 to 1999, a total of 10 TN24 D casks were loaded 
at the DOEL NPP in Belgium, and from 1996 to 1999, a total of 8 TN 24 XL casks were loaded at DOEL. 
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Although not transported off site, they are configured so that such transportation can occur. The TN 24D 
can accommodate 28 PWR SNF assemblies, and the TN 24XL can accommodate 24 PWR SNF 
assemblies. It was further reported that higher-performance dual-purpose casks had been developed and 
were in the process of being delivered to the DOEL NPP. All of the casks have a Type B(U)F certification 
for transport.  

Two shipments of SNF assemblies were undertaken in the TN 52L dual-purpose cask, each containing 52 
BWR SNF assemblies. These shipments were made from the Leibstadt NPP in Switzerland to La Hague 
during the 1999–2000 timeframe. Also, a TN 97L dual-purpose cask with 97 BWQR SNF assemblies was 
transported from the Liebstadt NPP to the Swilag storage facility in Switzerland (Sicard 2001). 
Figure 2.10 shows the TN 97L loaded on a heavy-haul road transport vehicle. 

 
Fig. 2-10. The TN 97L dual-purpose cask loaded on a  

heavy-haul road transport vehicle (Sicard 2001). 

 

2.2.10 Estimated Total Worldwide Shipments of SNF Reported at PATRAM 2001 
A paper was presented at PATRAM 2001 (Pope 2001), a “Worldwide Assessment of the Transport of 
Nuclear Fuel and High-Level Waste.” This paper summarized the results of informal contacts made by 
the IAEA  

with many of the countries and organizations that have been involved in transporting irradiated 
nuclear fuel and high-level wastes, requesting information on shipments completed to date, and 
future shipment plans for these two types of radioactive material. Although the data provided are 
incomplete, the results are enlightening regarding the quantities of these materials that have been 
transported. 

This effort resulted in contacting personnel in 16 countries and extracting data from literature from 
published sources from nine countries. It also made use of an IAEA survey of worldwide experience in 
wet and dry SNF storage. The survey included an assessment experience in SNF shipping. As noted in the 
preceding quote, the resulting data were recognized as not being complete.  

The PATRAM 2001 paper included summary tables of the following: 
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• SNF shipping experience at Sellafield in the UK as reported by BNFL/PNTL covering both LWR 
and non-LWR fuels 

• LWR SNF shipping experience at La Hague 

• Non-LWR shipping experience in France 

• SNF shipping experience in Belgium 

• SNF shipping experience in Canada 

• SNF shipping experience in the Czech Republic 

• SNF shipping experience in Finland 

• SNF shipping experience and plans in Germany 

• SNF shipping experience in Hungary 

• SNF shipping experience in Italy 

• SNF shipping experience in Japan 

• SNF shipping experience in the Netherlands 

• SNF shipping experience in the Russian Federation 

• SNF shipping experience in Slovakia 

• SNF shipping experience in Spain 

• SNF shipping experience in Sweden 

• SNF shipping experience in the Ukraine 

• SNF shipping experience in the United States 

Compilation of these data resulted in concluding that approximately 73,000–98,000 MTHM in the form 
of SNF were transported throughout the world up until approximately the beginning of 2001. These 
shipments constituted approximately 24,000–43,000 flask/cask shipments by all surface modes of 
transport (i.e., road, rail and sea). The data obtained in this study are summarized in Table 2-3. 

In addition, data were collected for shipments of vitrified HLW from La Hague to Belgium, Germany, 
and to Japan. These data show that 520 MTHM of HLW in eight shipments involving 16 cask shipments 
had been completed. 

2.2.11 Estimated SNF Shipments in the United States through 2001 –  
Reported at PATRAM 2001 

The data collected by the IAEA as reported at PATRAM 2001 (Pope 2001) are summarized in Table 2-4. 
These data resulted from combining data from Pope 1991 and NRC 1998. 

2.2.12 SNF Shipments Reported at PATRAM 2004 
In 2003, China made its first shipments of SNF from Guangdong NPP (Daya Bay) Unit-1 to the Lanzhou 
Nuclear Fuel Complex (LNFC) reprocessing facility (Meinert 2004). A Nuclear Assurance Corporation 
(NAC) cask design, the NAC-SSTC, weighing 125 tons (113.6 metric tons), was used. Figure 2.11 is a 
photograph of the cask on its transport skid, and Fig. 2.12 is a photograph of this cask in transit. Although 
the cask was very large, it was transported approximately 4,000 km (2,480 miles) from the NPP to the 
reprocessing facility by road. As of September 2004, five cask shipments had been completed, with 130 
SNF assemblies shipped. 
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An update on the shipments of SNF from Germany to La Hague and of HLW shipped from La Hague to 
Germany was provided at PATRAM 2004 (Alter 2004). The first shipments of SNF to La Hague began in 
1973. As of September 2004, approximately 5,400 MTHM of SNF had been transported in 127 cask 
shipments to La Hague, and 39 cask loads of vitrified HLW had been shipped from La Hague to the 
storage facility at Gorleben. All of these shipments were by rail.  

The HLW shipments were made by special train in Germany, which consisted of 

• 4 diesel 6-axle, 2,400 kW locomotives each with a weight of 120 tons, 

• 12 special 8-axle heavy-goods railway cars for 12 CASTOR casks, each car with a total weight of 
160 tons, and 

• 12 accompanying railway cars for police-guards. 

The total length of the special train was 649 m, with a total weight of 2,912 metric tons. Because of social 
unrest, 18,485 police-guards were involved in the final transport in November 2003. 

Table 2-3. Summary of findings from the 2001 IAEA survey of SNF and HLW shipments (Pope 
2001). 

Shipments Estimated quantity Estimated number 
of casks 

LWR/Magnox/AGR to Sellafield and La Hague  50,000–75,000a 18,500–37,100a 
FBR France (domestic) 11 125 
Non-LWR originating in France 10,507 m/a 
Canada (domestic) 100 187 
Czech Republic (to/from Slovenia) 242 65 
Finland to USSR/Russian Federation 233 65 
Germany (domestic to storage) >25 66 
Hungary (originating) 258 72 
Italy (domestic) 81 52 
Japan (domestic) 161 50 
Russian Federation (domestic) 3,500 500 
Slovakia (originating) 380b (239–380) 700c (635–700) 
Sweden (domestic) 3,300 1,100 
Ukraine (originating) 1,300 300 
United States of America 2,274 3,025 
HLW from La Hague 520 8 
APPROXIMATE TOTALS 73,000–98,000 24,000–43,000 

a Uncertainty results from range of data from two sources of data for shipments of non-LWR fuels within the UK 
b 141 MTHM of these could have been those shipped back to the Czech Republic 
c 65 of these cask shipments could have been those shipped back to the Czech Republic 
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Table 2-4. Estimated SNF shipments in the United States, 1964–1997 (Pope 2001). 

Time period 

Mass of SNF shipped 
(MTHM) 

Number of cask 
shipments Totals 

Source of data 
Road Rail Road Rail Mass of SNF 

(MTHM) 

Number of 
cask 

shipments 
1964–1978 472.5 348.1 1565 126 820.6 1691 (Pope 1991) 
1979–1997 356.3 1096.6 1181 153 1452.9 1334 (NRC 1998) 

Total:  
1964–1997 828.8 1444.7 2746 279 2273.5 3025  

 

 

 
Fig. 2-11. NAC-STC on transport skid in China (Meinert 2001). 
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Fig. 2-12. NAC-STC cask in transit by highway in China (Meinert 2001). 

 

From 1995 to 2004, 20 shipments of HLW were made from La Hague to Japan, Germany, Belgium and 
Switzerland (Lancelot 2004), as follows: 

• Japan: 9 shipments comprised of 19 casks containing 28 canisters of HLW and 18 casks 
containing 20 canisters of HLW for a total of 892 canisters 

• Germany: 6 shipments comprised of 39 casks containing 28 canisters of HLW for a total of 1,092 
canisters 

• Belgium: 7 shipments comprised of 7 casks containing 28 canisters of HLW for a total of 196 
canisters 

• Switzerland: 4 shipments comprised of 4 casks containing 28 canisters of HLW for a total of 
112 canisters 

Relative to the shipments of HLW from La Hague to Germany, strong opposition by elements of the 
public resulting in “heavy and violent demonstrations with the intent to stop and to delay the trains 
transporting the flasks” caused the latter shipments to be made with a large consist of railcars/casks under 
large police protection (Verdier 2004). The latter shipments were undertaken with 12 casks each. Figure 
2.13 is a photograph of the heavy-haul road transport of one of the CASTOR HLW casks traveling from 
La Hague to the railhead at Valognes, France. Figure 2.14 is a photograph of the train consist showing the 
cask railcars and accompanying passenger cars for security personnel. Figure 2.15 is a photograph of a 
typical scene showing demonstrators impeding the progress of the train. 
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Fig. 2-13. Heavy-haul road transport of HLW cask between  

La Hague and Valognes, France (Verdier 2004). 

 
Fig. 2-14. Train consist containing 12 cask railcars and  

associated security personnel cars (Verdier 2004). 
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Fig. 2-15. Demonstrators on rail tracks during rail  

transport in Germany (Verdier 2004). 

From 1978 through the end of FY2003, the Japanese company Nuclear Fuel Transport Co., Ltd. (NFT) 
transported 950 MTU of SNF from Japanese NPPs to the PNC Reprocessing Facility at Tokai, and from 
1998 to 2003, NFT transported 780 MTHM of SNF in 139 cask shipments to the SNF storage pool at the 
JNFL Rokkasho Reprocessing Facility (Kaneko 2004). 

Unique shipments of SNF occurred between 1983 and 1986, when 625 SNF assemblies involving 257 
individual cask shipments were returned to the originating utilities from the West Valley Demonstration 
Project (Tyacke 2004). The 125 SNF assemblies at West Valley were later shipped to the Idaho National 
Engineering and Environmental Laboratory (INEEL, aka INEL and INL) in July 2003. Figure 2.16 is a 
photograph of a loaded West Valley transport cask, and Fig. 2.17 is a photograph of two casks used to 
transport the SNF to Idaho. 
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Fig. 2-16. Loaded West Valley cask with impact  

limiters and tie rods installed (Tyacke 2004). 

 

 
Fig. 2-17. Two loaded West Valley casks parked  

inside INEEL secured area (Tyacke 2004). 

 

2.2.13 SNF Shipments Reported at PATRAM 2007 
At the time of PATRAM 2007, 532 SNF research reactor assemblies had been returned from Japan to the 
United States (Tamura 2007).  
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2.2.14 SNF Shipments Reported at PATRAM 2010 
An update showed that 3,160 MTHM of SNF were shipped from Japanese NPPs to the Rokkasho 
reprocessing plant through 2009 (Saegusa 2010). 

As of 2010, 61 SNF cask shipments had been made from the Caorso NPP in Italy to La Hague, amounting 
to 190 MTHM of BWR SNF (De Gasbarro 2010). The transfer of casks used from heavy-haul road to rail 
at the Caorso multimodal transfer point in Italy is shown in Figure 2.18.  

 
Fig. 2-18. Transfer of rail cask from heavy-haul road vehicle to railcar at  

the Caorso Multimodal Transfer point in Italy (Di Gasbarro 2010). 

On 29 June 2009, as part of the Russian Research Reactor Fuel Return (RRRFR) Program supported by 
the DOE National Nuclear Security Administration (NNSA) and the Global Threat Reduction Initiative 
(GTRI), 27.3 kg (0.027 MTHM) of 70 highly enriched uranium (HEU) SNF assemblies (enriched to 36.6 
percent) were transported by air from Romania to Russia in a Type B(U) package (Bolshinsky 2010a). 
The shipments were made in 18 Russian TUK-19 casks aboard a Volga-Dnepr Airlines AN-124-100 
commercial cargo aircraft. Figure 2.19 shows a TUK-19 cask, Fig. 2.20 shows three casks loaded into a 
cargo container for shipment, and Fig. 2.21 shows the AN-124-100 aircraft (Bolshinsky 2010b). 
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Fig. 2-19. Russian TUK-19  
cask (Bolshinsky 2010b). 

 
Fig. 2-20. Three TUK-19 casks loaded in a freight container  

prior to air transport (Bolshinsky 2010b). 
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Fig. 2-21. AN-124-100 aircraft used for transport of TUK-19 casks (Bolshinsky 2010b). 

2.2.15 SNF Shipments Reported at PATRAM 2013 
Through 2013, under the framework of the RRRFR, more than 50 shipping operations were completed, 
returning research reactor fuel to Russia from thirteen countries: Belarus, Bulgaria, Czech Republic, 
Hungary, Kazakhstan, Latvia, Libya, Poland, Romania, Serbia, Ukraine, Uzbekistan and Vietnam 
(Budu 2013). These shipments used 20 Russian TUK19 casks and 16 Czech Skoda VPVR/M casks. Some 
of these shipments were follow-on air shipments that were made based on the experience gained in the 
shipment of HEU SNF by air from Romania in June 2009. Seven additional air shipments of research 
reactor SNF had been completed by 2013 using the same cask/air transport system: one shipment from 
Libya in 2009, four shipments from Romania in 2012, and two shipments from Uzbekistan in 2012. 
However, the paper does not delineate the quantities of SNF transported in any of these shipments.  

Related to the shipments described by Budu, et al. 2013, two shipments of SNF were made in the 
SKODA VPVR/M casks in 2007 and 2013 (Pdolaha 2013). The first shipment consisted of 576 SNF 
assemblies in 16 casks. The second shipment consisted of 112 SNF assemblies in six casks. The SKODA 
VPVR/M cask and its associated basket are shown in Fig. 2.22.  

 
Fig. 2-22. SKODA VPVR/M cask and cask basket (Pdolaha 2013). 

Pdolaha 2013 summarizes the SNF shipments completed between December 2007 and July 2013 as 
shown in Table 2-5. The table also shows that under the RRRFR, at least 100 cask shipments of research 
reactor SNF were made consisting of 3,432 SNF assemblies. These shipments used all modes of 
transport: air, highway, rail, and sea. 
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Moses 2013 states that approximately 2.2 MT of Russian-origin HEU fresh fuel and SNF were shipped in 
the following countries:  

• 24 shipments of HEU fresh fuel from 13 countries: Serbia, Romania, Bulgaria, Libya, Latvia, 
Czech Republic, Uzbekistan, Poland, Germany, Vietnam, Hungary, Ukraine, and Belarus  

• At least 25 shipments of HEU SNF from Uzbekistan, the Czech Republic, Latvia, Bulgaria, 
Hungary, Romania, Ukraine, Libya, Kazakhstan, Belarus, Serbia, and Poland, Vietnam  

Table 2-5. Shipments of SNF completed under the  
RRRFR through July 2013 (Pdolaha 2013). 

Country (Facility) 
Shipment 

Date 
No. of casks 

used SNF Data 
No. of shipped 

FA (basket 
cells) 

Transport 
Route 

Czech Republic 1 Dec 2007 16 HEU: IRT-2M 
LEU: IK-10 576 Road, rail 

Bulgaria (IRT-2000) Jul 2008 3 HEU: S-36 
LEU: EK-10 

108 Road, rail, river 

Hungary 1 (BRR) Oct 2008 16 HEU: VVR-M 
VVR-M2 

LEU: EK-10 

576 Road, rail, sea 

Poland 1 (EWA) Sept 2009 16 HEU: VVR-M2 
 

864 Road, rail, sea 

Poland 2 (EWA) Feb 2010 8 HEU: VVR-M2 Road, rail 
Ukraine 1 (VVR-M) May 2010 7 HEU: VVR-M2 252 Road, rail 

Belarus (PAMIR-
630D, IRT-M 

Oct 2010 4 HEU 144 Road, rail, sea 

Serbia (RA) Nov 2010 16 HEU: TVR-S 576 Road, rail, sea 
Ukraine 2 (VVR-M) Mar 2012 4 HEU: VVR-M2 98 Road, rail 

Poland 6 (EWA) Oct 2012 3 LEU: IK-10 90 Road, rail, sea 
Czech Republic 2 

(LVR-15) 
Mar 2013 6 HEU: IRT-2M 112 Road, rail, sea 

Vietnam (DNRR) July 2013 1 HEU: VVR-M2 36 Road, air, rail 
 

 

Table 2-5 does not include all of the countries listed by Moses. Specifically, shipments made as part of 
the RRRFR program from Uzbekistan, Latvia, Romania, Libya, Kazakhstan, and Belarus are not listed in 
the table. 

In addition, Moses states  

the USDOE Domestic and Foreign Fuel Return Programs completed shipments from thirty-nine (39) 
countries to return US origin fuel to either the Savannah River National Laboratory (South Carolina, 
USA) or the Idaho National Laboratory (Idaho Falls, Idaho). The countries include:  

• Argentina, Australia, Bangladesh, Brazil, Canada, Chile, Columbia, Congo, Denmark, Germany, 
Ghana, Greece, Indonesia, Iran, Iraq, Italy, Jamaica, Japan, Mexico, Netherlands, Nigeria, 
Pakistan, Peru, Philippines, Portugal, Romania, Slovenia, South Africa, South Korea, Spain, 
Sweden, Switzerland, Syria, Taiwan, Thailand, Turkey, United Kingdom, Uruguay, and 
Venezuela. 

2.2.16 Additional data on SNF Shipments from non-PATRAM Sources 
Treating Table 2-5 as the most nearly complete summary of available data on research reactor fuel 
transported under the RRRFR program as of July 2013, other non-PATRAM documents provide 
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additional input to these and later shipments. On October 23, 2008, the World Nuclear News 
(WNN 2008) provided insights that 765 kg (0.77 MTHM) of HEU SNF had been removed to Russia at 
that time. Beyond the July 2013 date, the following documents provide further information regarding the 
RRRFR shipments: 

• On April 5, 2013, the IAEA (Tozser 2013a) announced that 760 kr (0.76 MTHM) of HEU SNF 
had been removed in 11 shipments from the Czech Republic to Russia. 

• On November 5, 2013, the IAEA (Tozser 2013b) announced that 203.7 MTHM of SNF had been 
successfully removed from Hungary to Russia. 

• On September 29, 2015, the NNSA announced (NNSA 2015) that the final 5 kg (0.005 MTHM) 
of HEU SNF that existed in Uzbekistan had been successfully removed as part of the RRRFR. It 
is further noted that 2,200 kg (2.2 MTHM) of Russian-origin fuel had then been returned from 28 
countries to Russia. 

2.3 Rationalizing the Data from Section 2.2. 
Sections 2.1 and 2.2 illustrate that a large body of SNF shipping data is available, beginning with papers 
presented at PATRAM 1983, with shipping data beginning as early as 1962 (Mummery 1983, 
Shuler 1989). Unfortunately, these individual submittals of data are incomplete and often inconsistent. 
Without careful consideration, the data could be misinterpreted because some of the data from the various 
sources can be duplicative. Thus, in attempting to rationalize the data from Sect. 2.2 to gain a 
comprehensive understanding of SNF shipments made in the US and worldwide, duplicate counts of 
inputs have been removed. It must also be noted that very few of the data sources cited in Sect. 2.2 
provide all the data elements that would present an accurate and complete picture. Those elements are: 

• time span of data provided (in many cases, both the start and end dates for the data were 
specified, but in some cases only the end date for the data was specified), 

• shipment origins and destinations (in many cases, both the origins and destinations were 
specified, but in some cases only the origin or destination was specified and in a few cases only 
the country in which the shipments were made was specified), and most importantly, 

• the number of cask shipments, number of fuel assemblies, and quantity of SNF in terms of 
MTHM. (In all but one case, only one or two of the three data elements are specified, where only 
one paper describing shipments involving Sweden [Gustafsson 1987] provides all three data 
elements). 

Section 2.3.1. provides a rationalized view of the shipments made in the US of (1) NPP SNF, 
(2) industrial and academic research reactor SNF shipments made within the US under the regulatory 
purview of the NRC, and (3) SNF shipments of research reactor fuel brought into the US as part of the 
FRR SF program. In preparing this summary assessment, it was discovered that there are no sources of 
data providing a fully comprehensive view of NPP SNF shipments in the US to the present. The 
combination of the study reported at PATRAM 2001 (Pope 2001), along with NRC data from 1979–2007 
(NRC 2010) provide the most comprehensive view for the US. The NRC 2010 report includes research 
reactor shipments within the US. Furthermore, few shipments of NPP SNF have occurred in the US in the 
last decade, so the rationalized summary for the US in Sect. 2.3.1. considers these important points. 

Section 2.3.2. provides a rationalized view of the worldwide shipments of NPP SNF excluding those 
within the US. Unfortunately, there are no single data sources available that can provide a relatively 
comprehensive view of NPP SNF shipments throughout the world to the present. Indeed, the most recent 
attempt to produce such an assessment occurred at the end of the 1990s (Pope 2001). Section 2.3.2. builds 
on that data by considering other documents identified since that time. 
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Section 2.3.3. provides a summary view of worldwide research reactor SNF shipments except for those 
shipments entering the US under the FRR SF program, which are accounted for in Sect. 2.3.1. 

Section 2.3.4. provides a summary view of the shipments of HLW that have been reported. 

2.3.1 Rationalized SNF Shipping Data for the United States for NPPs and 
Research Reactors 

Ten documents relating to specific shipments of NPP SNF were cited in Sect. 2.2. These shipments were 
for SNF assemblies transported between various NPPs and other facilities (e.g. Morris, Barnwell, the 
West Valley Demonstration Project, and the DOE facilities at SRS, Idaho, and Nevada). These documents 
are related to shipments made from 1964 through 1998, so it must be assumed that the data reported in 
2001 (Pope 2001) plus the data from the NRC (NRC 2010) provide the most comprehensive view of 
shipments of NPP SNF in the US available at this time. 

Table 2-4 provides the best estimate of shipments in the US that was available through 1997. These data 
include consideration of NUREG-0724, Rev. 13 (NRC 1998), which provided data on shipments of SNF 
from 1979 to 1997. This NUREG which was cited in the IAEA study of worldwide SNF shipments as 
published in 2001 (Pope 2001).  

The NRC has issued updates to this NUREG twice since 1998. The latest version is NUREG-0725, 
Rev. 15 (NRC 2010). Chapter 3 of this NUREG document provides statistics for highway and railway 
shipments of SNF from 1979 to 2007:  

descriptive statistics on the shipments that have occurred since the NRC began approving spent fuel 
shipments in 1979, through 2007. It includes only shipments of academic, industrial, and utility 
irradiated reactor fuel subject to NRC regulation. The NRC does not regulate DOE shipments; 
therefore, the statistics reported here do not include them. 

Because the NRC data are for both power reactor fuel and research reactor fuel and do not include data on 
the FRR SF program shipments, these latter data on research reactor shipments into the US have been 
compiled from sources cited in Section 2.2. Therefore, part of the DOE SNF shipments are included in 
this overview, but SNF shipments made by DOE and/or the US Navy (other than those identified as FRR 
SF program shipments) are not included. These FRRSF program shipment data are summarized in 
Table 2-6. 

Schmidt notes that “NCS was involved in the management of the shipments from Europe, South America, 
Australia and Japan,” so there is the potential for duplication of some of the data in Table 2-6, specifically 
with the data for shipments from Italy (Gila 1998) and Japan (Tamura 2007). Thus, these data are 
discounted in the totals shown, but the total for number of fuel assemblies shipped is shown with a greater 
than symbol indicating that some of the Japanese data may apply. 

Table 2-7 summarized the estimated shipments of SNF in the US, including (1) shipments of NPP SNF, 
(2) those shipments research reactor fuel for which NRC has regulatory authority, and (3) those shipments 
arriving in the US of research rector SNF resulting from the FRR SF program. 

Shipments within the US and into the US containing NPP and research reactor SNF are estimated as 
follows: 

• well in excess of 4,300 cask shipments (this number is assumed to be very low due to the scarcity 
of data as shown in Table 2-6 for this data element), 

• much greater than 4,800 SNF assemblies shipped, and 

• greater than 5,900 MTHM shipped. 
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Table 2-6. Summary of research reactor shipments of  
SNF performed under the FRR SF Program. 

Time period Origins Destinations 
Number of 

cask 
shipments 

Number of 
fuel 

assemblies 
MTHM Reference 

1977–1982 South Africa 
and Europe SRS and Idaho >175  >3,000 (Mangusi 1983) 

1986–1989 Taiwan US  1,574  (Cashwell 1989) 
1997 Italy  SRS  76  (Gila 1998) 

To 2001 

Europe, 
South 

America, 
Australia, 

Japan 

SRS and Idaho  1,602*  (Schmidt 2001) 

To 2007 Japan US  532  (Tamura 2007) 
TOTALS >>175 >4,800 >3,000  

* Includes 1,400 MTR assemblies and 202 TRIGA assemblies 
 

 

Table 2-7. Estimated SNF shipments in the United States for NPP and research reactor SNF, 1964–
2010. 

Type of SNF Time period Origins Destinations 

 
Number of 

cask 
shipments 

Number of 
fuel 

assemblies 
MTHM 

NPP 1964–1978 US NPPs Various sites 1,691  821 
NPP and 
research 
reactor 

1979–2007 US research 
reactors Various sites 2,470  2,093 

Research 
reactor 1977–2007 Foreign 

facilities SRS and Idaho >175 >4,800 >3,000 

TOTALS >4,300 >>4,800 >5,900 
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2.3.2 Rationalized Worldwide SNF Shipping Data Excluding Data for the United 
States for NPPs 

The data presented in Table 2-3 for this assessment of worldwide shipments of NPP SNF for the period to 
approximately the beginning of 2001 provide the starting point for rationalizing the worldwide shipment 
data. The summary values were reduced to discount the number for the US shipments and the shipments 
of HLW. Therefore, the following estimates of the number of cask shipments and quantity of SNF (in 
MTHM) shipped to approximately the beginning of 2001, except for those shipments undertaken in the 
US, are: 

• ~21,000 to 40,000 cask shipments, and 

• ~70,000 to 92,000 MTHM. 

Additional international shipments, as determined using the references cited, are summarized in Table 
2-8. These include shipments identified from individual documents that do not appear to be included in 
Table 2-3. 

Table 2-8. Global assessment NPP SNF shipments (excluding shipments in the US). 

Time period Origins Destinations 
Number of 

cask 
shipments 

Number of fuel 
assemblies MTHM Reference 

1962–2000 Multiple 
countries 

Multiple 
countries 

~21,000– 
40,000  ~70,000 to 

92,000 Table 2-3 

2003–2004 China China 5 130  (Meinert 2004) 

To 2010 Republic of 
Korea 

Republic of 
Korea 78 312  (Lee 1998) 

To 2010 Japan NPPs 

Tokai and 
Rokkasho 

reprocessing 
plants 

~150 ~4,000 740–1,800 

(Nagano 1992, 
Mori 2001, 

Kaneko 2004, 
Saegusa 2010) 

2009–2010 Caorso NPP 
in Italy La Hague  61 190 (De Gasbarro 2010) 

1999–2000 
Leibstadt 

NPP, 
Switzerland 

Swilag facility, 
Switzerland  97  (Sicard 2001) 

1985–1989 Ukraine and 
USSR NPPs 

USSR 
reprocessing 

plants 
  >117 (Kondratyev 1989) 

1973–2000 Europe and 
Japan La Hague   >8,900 (Lenail 1983, Gouin 

1989, Sicard 2001) 

TOTALS ~21,000 to 
40,000 >>4,500 ~80,000–

103,000  

 

Thus, the estimated number of cask shipments and quantity of SNF (in MTHM) shipped to the present 
time, except for those shipments undertaken in the US, are: 

• ~21,000 to 40,000 cask shipments (in rounded numbers, the additional data in Table 2-8 did not 
change this estimate), and 

• ~80,000 to 103,000 MTHM. 
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2.3.3 Summary of Shipments of Research Reactor SNF Other Than Those 
under the US FRR SF Program 

Shipments of research reactor fuel have occurred between various countries other than into the US as part 
of various international agreements, including the RRRFR program. 

Table 2-9 summarizes the data that have been identified relating to these types of shipments. 

Table 2-9. Global Assessment of non-US Research Reactor SNF Shipments. 

Time period Origins Destinations 

 
Number of 

cask 
shipments 

Number of 
fuel 

assemblies 
MTHM Reference 

1971–1972 Canada Belgium  ~1,000  (Mangusi 1983) 
2009 Romania Russia 18 70 0.027 (Bolshinsky 2010) 

2007–2013 Czech 
Republic Russia  688 0.76 (Budu 2013, Pdohla 

2013, Tozser 2013a) 

2008–2013 Multiple 
countries Russia 85 2,744 >204 (Pdohla 2013,  

Tozser 2013b) 
2015 Uzbekistan Russia   0.005 (NNSA 2015) 

TOTALS >103 >4,500 >205  
 

2.3.4 Summary of HLW Shipments  
Approximately 2,350 canisters of vitrified HLW were shipped from the La Hague reprocessing plant to 
Belgium, Germany, Japan, and Switzerland (Nagakura 1998, Nambu 1998, Alter 2004, and 
Lancelot 2004). These canisters were shipped in at least 130 different cask shipments. 

2.4 Summary of SNF and HLW Shipment Assessment 
The preceding provides an overview summary of shipments of SNF and HLW made in the US and 
worldwide. The assessment, which made use of more than 50 references readily available in open 
literature, was undertaken to provide the best estimate possible of shipments of nuclear power plant SNF 
assemblies, research reactor SNF assemblies, and vitrified radioactive HLW. 

However, it must be emphasized that because of the nature of the data and information available, the 
values presented are estimates. Data from different types of source material were in different formats and 
were sometimes incomplete in terms of the data elements desired, and there was the potential for double 
counting information. Thus, extensive effort was made to avoid such double counting while striving to 
provide estimates that establish lower bound values for shipment quantities. 

Based on this assessment, it can be concluded that: 

a) The number of cask shipments worldwide is well in excess of 25,400–44,400. It is likely that 
significantly more cask shipments have been made for all forms of SNF considered. The 
shipments within and into the US account for approximately 10 to 17 percent of this total.  

b) Significantly more than 14,000 SNF assemblies have been shipped. This number is considered 
very low since the data sources most frequently did not provide the number of SNF assemblies 
shipped. 

c) Also, the quantity of SNF shipped is well in excess of 87,000–109,000 MTHM. Again, many of 
the data sources did not report on the heavy metal quantities shipped. For the quantities reported 
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here, the US accounts for only about 5–7 percent of the total (many of the shipments in the US 
have been in small, highway-transported casks). 

In addition, the study identified that at least 130 cask shipments of vitrified HLW with more than 2,350 
canisters of the HLW have been shipped from the reprocessing plant in France to the countries of the 
SNF’s origin. 

In reviewing all data sources, it is also emphasized that all of these shipments were undertaken without 
injury or loss of life due to the radioactive nature of the material transported. 
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3. PAST INCIDENTS IN TRANSPORTING SNF AND HLW 
Shipments of SNF and HLW have occurred for more than 50 years. During this time, tens of thousands of 
tons of material have been transported in tens of thousands of shipments. The vast majority of these have 
been completed safely, with very few incidents worldwide. Indeed, there has been no transportation 
accident involving SNF or HLW in which a release of radioactive material has caused any significant 
negative effect to the public or the environment. This safety record has been made possible by 
establishing robust regulatory requirements for the casks used in transport, studying past shipments and 
incidents, and improving equipment and procedures to lessen the probability and impacts of future events. 
This section contains a compilation of transportation incidents involving SNF and HLW in the US and 
worldwide. Efforts have been made to compile a thorough list of incidents in transporting SNF and HLW; 
however, no claim is made that this list contains all such occurrences. 

3.1 United States 
In the US, data on transportation incidents involving radioactive material are collected by the US 
Department of Transportation (DOT) and the US Nuclear Regulatory Commission (NRC). Sandia 
National Laboratories (SNL) began maintaining the Radioactive Materials Incident Report (RMIR) 
database in 1981. RMIR includes transportation incidents involving radioactive material dating back to 
1971 (McClure et al. 1997). Information was collected from DOT and NRC reports, state radiation 
control offices, DOE reports, and media reports. The RMIR database was maintained until 2004; the DOT 
continues to maintain a database of transportation incidents for hazardous materials, and the NRC 
maintains a database of incidents involving radioactive material not limited to transportation. Reporting 
requirements for the DOT and NRC ensure that RMIR has a complete record of notable incidents between 
1971 and 2004. DOT requires reporting when a person has an injury requiring hospitalization or dies, 
when property damage of $50,000 or more results from the incident, when there is fire, leakage, or 
suspected contamination, or when there are other circumstances which the carrier believes should be 
reported to DOT. NRC requires reporting of any theft, loss, or release of radioactive materials, or 
instances of exposure to radiation. 

NRC maintains the Nuclear Materials Events Database (NMED). Since the RMIR database records end in 
2004, NMED records from 2005–2014 were investigated for any incidents since. No records were found 
involving SNF or HLW transportation. Prior to 1971, there is no official record of transportation incidents 
involving SNF. 

The regulations on packaging and transportation of radioactive material given as 10 Code of Federal 
Regulations (CFR) Part 71 were published on July 22, 1966 (Hafner 2014). Prior to this, transport safety 
regulations for radioactive material transportation in the US were in place through initially the Bureau of 
Explosives, and later through the Atomic Energy Commission and DOT. Although some changes have 
been made over the years, packages certified under the early transport safety regulations and then under 
10 CFR Part 71 have been designed with the goal of ensuring the safe transportation of SNF and HLW 
ever since. 

Incidents involving the transportation of SNF and HLW in the US fall into two main categories: 
(1) transportation accidents and (2) instances of radioactive contamination on transportation casks used in 
SNF shipments. 

3.1.1 Transportation Accidents 
A paper presented at PATRAM in 1970 reported that 14 transportation accidents had occurred in AEC 
shipments in the US between 1949 and 1969 (Mc Cluggage 1971), although details were not provided in 
the report. 

Between 1971 and 2004, four transportation accidents involving loaded SNF casks have occurred. All 
details are taken from RMIR (SNL 2005). 
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December 8, 1971: A truck carrying a loaded SNF cask veered off the road to avoid a head-on 
collision. The truck left the road, the driver was killed in the accident, and the cask was thrown clear 
of the trailer and into a ditch. The cask suffered damage to two bolts, the paint, and the thermal 
insulation but released no radioactive material. A report detailing the accident was prepared by Oak 
Ridge National Laboratory (Chandler 1972). The cask damage was repaired, and the cask was placed 
back into service January 12, 1972. 

February 9, 1978: A trailer carrying spent mixed oxide fuel buckled under the weight of the cask; 
there was no damage to the cask and no release. 

December 9, 1983: A truck carrying a loaded SNF cask was involved in an accident when the tractor 
separated from its intermediate axles but remained connected to the trailer; there was no damage to 
the cask. 

March 24, 1987: A train carrying core debris from the Three Mile Island-2 reactor struck an 
automobile at a crossing. The driver of the automobile was injured and taken to a hospital, the 
locomotive suffered minor damage, the train was delayed 45 minutes, but the casks were not damaged 
and did not release any of the contents. 

Since the RMIR was discontinued in 2004, one additional accident took place involving a loaded SNF 
cask: 

October 25, 2007: The caboose and buffer car of a train carrying SNF derailed while moving at 4 or 5 
mph at the Shearon Harris nuclear power plant in Wake County, North Carolina (WRAL, 2007) 

Four additional transportation accidents occurred with empty SNF casks between 1971 and 2004. Details 
are taken from RMIR (SNL 2005). 

March 29, 1974: A derailed tank railcar struck a flatcar carrying an empty SNF cask; the cask was not 
damaged, and the accident did not lead to contamination. 

August 13, 1978: An empty SNF cask broke through a trailer bed while traveling; there was no injury 
or contamination. The overpack and base plate of the cask were damaged but the accident report does 
not mention whether any contamination occurred. 

January 9, 1988: A rail track switch in the wrong position caused a set of wheels to derail while a 
railcar was being moved. An empty cask being transported by the railcar was not affected. 

December 14, 1995: A railcar on a train carrying two empty SNF casks derailed; no damage or 
injuries resulted. 

Since the discontinuation of RMIR, three additional accidents have taken place involving empty SNF 
casks. 

September 22, 2005: A railcar carrying an empty SNF cask derailed and tipped over after it was hit by 
another railcar in a railyard in a low speed collision (WBFO 2005). The railcar was righted after 
approximately 36 hours. 

August 29, 2008: A trailer carrying a new empty SNF transportation cask came to a stop to avoid 
leaving the road in California en route to the Humboldt Bay shutdown nuclear power plant. There 
were no injuries. The road was blocked more than 24 hours while the cask was recovered and the 
trailer was removed from the road (Walters 2008). 

May 6, 2014: A truck and a train carrying an empty SNF cask collided at a grade crossing. There 
were no injuries, but the truck, which was carrying a cargo of pineapples, became stuck on the tracks 
and was damaged (Guerra 2014). 

The fact that no radioactive material was released from a cask that was thrown from its vehicle in an 
accident so severe that the driver was killed is a testament to the safety of the packages used to transport 
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SNF and HLW. The safe performance of packages in accidents has been a crucial part of the safety record 
in transporting this material. 

3.1.2 Radioactive Contamination 
Most incidents involving the transportation of SNF in the US have been instances of cask surface 
contamination. RMIR contains some details about 53 of these events. Table 3-1 presents a list of incidents 
involving excess surface contamination on loaded or empty casks or transportation equipment (e.g., 
shipping pallet, lifting yoke, trailer), along with the contamination measurements when provided in the 
incident report listed in RMIR (SNL 2005). The regulatory limit for non-fixed radioactive contamination 
on the surface of a package is defined in 49 CFR Part 173.443(a) as 4 Bq/cm2 for beta and gamma 
emitters and low-toxicity alpha emitters, and 0.4 Bq/cm2 for alpha emitters not considered to be low-
toxicity. The international transport safety standards published by the IAEA specify the same limits for 
non-fixed contamination on a package (IAEA 2012). Some instances of surface contamination had 
readings within regulatory limits; the reason these were included in RMIR is not clear. However, they are 
included in this report for the sake of completeness, as events in which radioactive contamination is 
suspected require reporting to the DOT and thus inclusion in RMIR. 

The phenomenon of casks failing to meet contamination limits upon arrival at their destinations when 
they had met regulations prior to the shipment is often referred to as “weeping.” Cask weeping occurs 
after a cask has been placed in a contaminated environment such as a spent fuel pool and becomes 
contaminated with what initially is determined to be fixed contamination but with time and exposure to 
transport and environmental conditions, the contamination becomes non-fixed. A common contaminant is 
the fission product 137Cs, which can adhere and become fixed (adsorbed) in the cask surface. Exposure to 
moisture, rain, or humidity during transport can cause the contamination to become non-fixed to the cask 
so that a cask which complied with non-fixed contamination regulations at the beginning of transit may 
fail upon arrival (IAEA 2005). A provision in 49 CFR 173.443(b) allows for the non-fixed contamination 
levels to comply with regulations as long as that contamination is within the levels given in 49 CFR 
173.443(a) at the beginning of the shipment and is not over 10 times greater than those limits by the time 
the cask reaches its destination. 

It should be noted that in all of these contamination incidents, contamination was confined to the cask or 
transportation equipment, and it did not spread past the vehicle to the public or to the environment. From 
1979 to 2007, 1,553 SNF shipments subject to NRC regulation were made in the US, not including DOE 
shipments not subject to NRC regulation (Garrett et. al. 2010). Table 3-1 lists 31 incidents included in 
RMIR (SNL 2005) between 1979 and 2007 involving loaded or empty SNF casks. Based on this 
information, surface contamination of the cask was an issue in no more than 1% of shipments (assuming 
that there were at least as many shipments of empty casks as loaded casks) during this time period. 

Table 3-1. Dates of instances of non-fixed  
radioactive contamination on  

SNF packages in the US [RMIR (SNL 2005)]. 
Date of surface 

contamination incident 
Contamination (if 

given) (Bq/cm2) 
01/24/74 * 
02/26/74 * 
04/29/74 * 
12/11/74 * 
12/23/74 * 
01/13/75 * 
02/27/77 1.83 
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Table 3-1. Dates of instances of non-fixed  
radioactive contamination on  

SNF packages in the US [RMIR (SNL 2005)] (cont.). 
04/13/77 7.03 
05/03/77 14.72 
05/12/77 24.05 
05/16/77 0.27 
07/26/77 5.3 
08/03/77 9.9 
08/23/77 7.83 
02/16/78 10.53 
02/27/78 7.00 
05/16/78 6.38 
07/24/78 8.34 
07/29/78 17.00 
08/01/78 9.67 
08/07/78 19.82 
11/27/78 * 
03/28/79 27.87 
04/02/79 3.85 
04/02/79 13.00 
04/03/79 17.50 
04/04/79 4.29 
04/05/79 4.04 
07/23/80 3.83 
08/25/80 6.50 
02/02/81 * 

05/30/81** 80.0 
05/31/81** * 
06/02/81** 50.0 
06/02/81** 133.33 

08/25/83 4.67 
09/30/83 * 
10/21/83 9.35 
01/07/84 * 
01/25/84 32.52 
02/24/84 4.05 
01/11/85 16.67 
02/03/85 * 
07/08/85 10.00 
02/28/86 * 
07/29/86 111.167 
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Table 3-1. Dates of instances of non-fixed  
radioactive contamination on  

SNF packages in the US [RMIR (SNL 2005)] (cont.). 
07/29/86 * 
08/19/86 * 
10/15/91 16.67 
11/22/91 14.67 
08/14/92 16.67 
06/14/93 4.77 
07/19/93 4.33 

*Contamination measurement not available. 
**These shipments used the same cask; the NRC suspended 

shipments with this cask following these instances of 
contamination. 

 

In order to reduce the time needed to decontaminate casks, and in an effort to reduce personnel radiation 
exposure and prevent instances of surface contamination exceeding regulatory limits, the Electric Power 
Research Institute (EPRI) performed a study on factors affecting cask surface contamination. EPRI found 
that certain cask finishes such as machined or electropolished surfaces could lead to a reduced number of 
instances of contamination and could also reduce the amount of time required for decontamination. 
Protective coatings and cleaning agents were also studied. The results were summarized in a report (EPRI 
1985). 

Since 1971, radioactive contamination has occurred twice beyond the cask, but neither event was caused 
by external surface contamination. Details are taken from RMIR (SNL 2005). 

July 4, 1976: A pinhole leak in the outside jacket of an SNF cask was discovered while in transit by 
road. That leak allowed the loss of liquid, but it was reported that the liquid was not contaminated.  
The report estimated the activity of the SNF in the cask was 50,000 Ci. The shipment was allowed to 
proceed once it was determined that it posed no risk to the public. 

January 27, 1984: An empty cask produced a slow drip while in storage. The amount released was 
given as 0.001 µCi in the report. 

3.2 International 
The list of transportation incidents that occurred outside the US is not exhaustive, but efforts were made 
to locate as many incidents as possible. 

3.2.1 Canada 
Although Canada plans to transport SNF and HLW in a future campaign for its disposition in a repository 
yet to be sited, Canada does not have much past history with transporting SNF. Limited quantities are 
shipped infrequently (fewer than 10 shipments annually are typical) and have been completed safely and 
securely by road (Stahmer 2009). 

3.2.2 Japan 
Since NPPs in Japan do not have direct rail access, and all are located along the coastline, SNF shipments 
are made over water by vessel. Successful shipments of SNF have been made to Europe for reprocessing 
since 1969, and vitrified HLW has been shipped to Japan from Europe since 1995 (Pacific Nuclear 
Transport Limited [PNTL] 2012). All shipments have been made without release of radioactive material. 
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3.2.3 Russia 
The authors were unable to identify any publicly available official reports on transportation incidents or 
accidents in Russia involving SNF or HLW. However, a report of a fire on a storage barge for SNF based 
at Primorye in 1999 was found. According to the report, the barge was damaged, but none of the SNF it 
was storing was affected (Kudrik 1999). 

3.2.4 United Kingdom 
In the United Kingdom (UK), Public Health England’s Centre for Radiation, Chemicals and 
Environmental Hazards maintains the Radioactive Material Transport Event Database (RAMTED), which 
contains information on transportation accidents and incidents involving radioactive material dating back 
to 1958. Incidents are included in RAMTED when they involve (1) a road accident severe enough to 
cause a fire, turn the vehicle on its side, or damage the package; (2) for rail, an instance where the rail 
axles or brakes overheat and smoke, causing the train to stop; or (3) when an SNF cask (referred to as an 
“irradiated nuclear fuel flask” in the UK) is reported to have surface contamination exceeding regulatory 
limits (Hughes et al. 2006). 

In 2006, a summary report was written reviewing 806 events and their consequences for the period 1958–
2004 (Hughes et al. 2006). Annual reports have been written each year since, with the most recent report 
published describing incidents in 2012. From 1958 to 2004, 187 events involving SNF casks were 
recorded in RAMTED, with the most frequent type of incident (33%) being related to surface 
contamination of the cask. Three instances of fire on the locomotive were reported, but the cask was not 
affected in any of these cases. During this time period, the only incident involving SNF transportation in 
which any dose was received was in 1996, when a contaminated spacer from an SNF cask was 
accidentally carried into the cab by a driver and left for several hours. No member of the public received 
any dose from this, and the whole-body dose to the driver was assessed at 0.0065 mSv. Although this 
report enumerates 257 incidents involving Type B packages and their consequences—notably that 27 
packages suffered damage although there was no increase in dose rate or loss of containment in any of 
these incidents—it is not specified which of these incidents involved SNF casks and which involved Type 
B packages containing other materials. For proper context on the scale of SNF and HLW transportation in 
the UK, a 2001 paper (Pope et al. 2001) reported that over the 30–35 years before the paper’s publication, 
approximately 13,820 cask loads of SNF had been transported to the Sellafield site from within the UK, 
power plants in Europe, and power plants in Japan. 

From 2005 to 2012, additional details have been published about the specific incidents involving SNF 
transportation in annual reports. These incidents are listed here with a brief description; additional 
information may be found in the references. 

July 2005: A person climbed onto a moving train transporting an empty SNF cask; the cask was not 
affected (Hesketh et al. 2007). 

October 2005: Brakes failed on railcars carrying SNF casks as they were parked overnight; the casks 
were not affected (Hesketh et al. 2007). 

October 2005: Surface contamination was found on a railcar; radiological consequences were 
determined to be negligible (Hesketh et al. 2007). 

May 2006: A train carrying an empty SNF cask collided with a car at a grade crossing; the cask was 
not affected (Hughes and Harvey 2007). 

October 2006: Smoke from the locomotive of a train carrying an SNF cask set off a smoke detector 
and the train was stopped; the cask was not affected (Hughes and Harvey 2007). 
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May 2007: An empty SNF cask was found to have surface contamination above regulatory limits 
upon arriving at a power plant (the origin and destination were not published in the report); the dose 
consequences were determined to be trivial (Harvey and Hughes 2009). 

December 2007: Some SNF casks may have been operated with incorrect components; shipments 
were suspended by the affected company until March 2008, when an investigation was completed and 
corrective action was taken (Harvey 2009). 

January 2008: Following the prior incident, SNF cask shipments were voluntarily suspended by 
another company pending an investigation to ensure the correct lid bolts were being used (Harvey 
2009). 

April 2008: SNF cask shipments were temporarily suspended (after resuming in March as noted 
above) following an inspection of a cask not using the specified valves (Harvey 2009). 

June 2008: Related to the events in December 2007 and April 2008, the company determined that it 
had used an obsolete design specification for the previous procurement, leading to the improper 
specification being used for valves and washers (Harvey 2009). 

July 2008: An SNF cask was found to have surface contamination on the lid above the regulatory 
limit eight days after cask receipt (Harvey 2009). 

August 2008: An SNF cask was found to have surface contamination on the lid above regulatory 
limits (Harvey 2009). 

September 2008: During a routine inspection of two SNF casks leaving a nuclear site, two screws on 
a water level valve assembly were loose on one of the casks (Harvey 2009). 

October 2008: Related to the January 2008 incident, shipments from a nuclear company to a fuel 
handling plant were suspended after deficiencies were found in the company’s procedures: the 
company was unable to demonstrate that spare components on SNF casks complied with 
specifications; operations were affected at two power plants, but no exposures resulted (Harvey 
2009). 

January 2009: An SNF cask was found on arrival at a power plant to have one bolt on the lid out of 
16 loose; in response, lid tightening procedures were reviewed and updated at all nuclear sites 
(Harvey 2010). 

February 2009: Six SNF casks were found to have noncompliant lid seal member bolts during cask 
checks; this was found to be due to an error when purchasing spare parts (Harvey 2010). 

March 2009: An SNF cask was found on arrival at a nuclear site to have one bolt out of 28 not 
tightened sufficiently; shipments from the power plant which had sent the cask were suspended until 
an investigation was completed (Harvey 2010). 

March 2009: An SNF cask was found to be noncompliant during routine maintenance due to the seal 
weld related to the cask valve being incorrectly tested (Harvey 2010). 

April 2009: During processing of an SNF cask, the blanking plugs for the water valves and the lid 
chock locking bolts were found to be only hand tight; faulty packaging procedures at the consignor 
site were found to be the problem (Harvey 2010). 

June 2009: An SNF cask was found to be missing the four washers for the four water level valve 
retaining bolts, and it was also found that that these washers had been missing for three shipments and 
the cask had passed the leak test seven times; washers were refitted before further shipments were 
made with the cask (Harvey 2010). 

September 2009: An SNF cask was tilted during loading onto a flatrol (railcar) at a power plant, 
causing the crane to stop; there was no evidence of damage to the cask (Harvey 2010). 
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October 2009: On arrival at a reprocessing facility from a power plant, an SNF cask was found to 
have one lid bolt not adequately tightened; shipments from that power plant were suspended pending 
an investigation (Harvey 2010). 

February 2010: An SNF cask transported from a power plant to a nuclear site was found to be missing 
a lid valve bolt on arrival; the lid had been otherwise properly closed (Harvey and Jones 2011). 

March 2010: A shipment of HLW from the UK to an unspecified foreign country was found to be out 
of position with the holding channels of the transportation cask; this was believed to be due to an 
anomaly in the loading instructions (Harvey and Jones 2011). 

March 2010: A pin hole leak due to a weld defect was found on an SNF cask, not related to the cask 
body; the entire cask fleet was investigated for other defects (Harvey and Jones 2011). 

April 2010: An SNF cask outer lid seal was found to be dislocated from the seal groove upon arrival 
at a nuclear facility; the seal was within tolerance (Harvey and Jones 2011). 

May 2010: A cask was received at a power plant with a screw tightened to the incorrect torque 
(Harvey and Jones 2011). 

May 2010: A cask was found to have two brass plugs missing from the lid valve at a nuclear site; the 
plugs have no safety significance (Harvey and Jones 2011). 

May 2010: An empty SNF cask was received at a power plant with a water level valve clamp fitted in 
the wrong direction; the functionality remained the same, although not within operating manual 
specification (Harvey and Jones 2011). 

June 2010: Upon inspection, stains from liquid contamination were found on a weld on the 
radioactive warning label plate of an SNF cask (Harvey and Jones 2011). 

August 2010: Similar to an incident in May, an SNF cask was received at a power plant with the 
water level valve clamp fitted in the incorrect direction (Harvey and Jones 2011). 

February 2011: An SNF cask arrived at a power plant with two lid-chock locking bolts looser than 
recommended (Harvey and Jones 2012). 

June 2011: A defect was found in a valve seal for an SNF cask during manufacture; the cask owner 
investigated to determine if the defect was confined to the individual case (Harvey and Jones 2012). 

July 2011: Shipments were suspended until cask integrity could be assured; concerns had been raised 
over the thickness and diameter of steel cover plates (Harvey and Jones 2012). 

August 2011: An SNF cask was received with a faulty valve seal; the seal was not related to 
containment (Harvey and Jones 2012). 

August 2011: An SNF cask was received from a power plant with one of the lid bolts not adequately 
torqued; further checks were recommended to ascertain the presence of excess anti-seize compound 
that may have caused the bolt to become loose (Harvey and Jones 2012). 

September 2011: An HLW shipment of three casks from the UK to its country of origin (unspecified) 
was found to have an under-tightened bolt keeping the trunnion cap on one out of the three packages; 
the shipment continued once it was tightened properly (Harvey and Jones 2012). 

October 2011: Upon receipt in an unnamed foreign country, 5 of 28 containers of HLW were found to 
have surface contamination levels in excess of that country’s regulatory requirements; two were 
rechecked and cleared, while the other three required decontamination (Harvey and Jones 2012). 

November 2011: At a power plant, an SNF cask was found to have a defect in a weld on the cover 
plate; it was sent to a facility for further investigation and repair, although no leak was identified 
(Harvey and Jones 2012). 
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November 2011: An SNF cask received at a nuclear facility was found to be missing the water level 
valve, and padlocks of the cover plate of the purge valve were not locked; however, as the railcar 
carrying the cask was padlocked, there was little safety implication (Harvey and Jones 2012). 

November 2011: One of 16 lid chock locking bolts was found loose on an SNF cask at receipt; this 
caused negligible risk (Harvey and Jones 2012). 

December 2011: A train carrying SNF casks hit part of a tree on the railway line; the locomotive was 
exchanged at the next stop, there was no derailment, and the casks were not affected (Harvey and 
Jones 2012). 

January 2012: An SNF cask was received from a power plant with a lid-chock locking bolt loose 
(Jones and Harvey 2014).  

Reports for transportation incidents in the UK since 2012 are not yet available. Many of those detailed 
above from 2005–2012 may seem insignificant, but they are included to show common incidents 
involving SNF transportation in the UK. Most of the incidents in recent years are due to bolts being 
inadequately tightened and some casks being shipped with excess surface contamination. Instances of the 
replacement parts for casks not meeting specifications also contributed to the list of incidents. It appears 
that most of the incidents reported were the result of human error, where workers involved in prepared 
casks for shipment did not follow prescribed procedures. There were few actual transportation accidents, 
and none of those led to cask damage or release of radioactive material. Lessons which can be learned 
from experience in the UK would be to ensure adequate cask decontamination and adhere strictly to 
procedures for all loading operations and replacement parts procurement. 

3.2.5 Continental Europe 
More SNF and HLW has been shipped within and to France than any other country in continental Europe. 
In 2001, it was estimated that 5,760 casks of SNF originating from LWRs in France, the rest of 
continental Europe, and Japan had been transported to La Hague facility for reprocessing (Pope et al. 
2001). According to the same 2001 reference document, SNF has been shipped in Belgium, the Czech 
Republic, Finland, Germany, Hungary, Italy, the Netherlands, the Russian Federation, Slovakia, Spain, 
Sweden, and Ukraine. The paper does not include information about transportation incidents except to 
state that all shipments before 2001 within and from Italy had taken place without accident. 

Incidents surrounding the transportation of SNF and HLW in continental Europe may be categorized as 
transportation accidents, radioactive contamination, or protests surrounding shipments. 

3.2.5.1 Transportation Accidents 
There have been several accidents involving SNF casks in continental Europe. The Institut de 
radioprotection et de sûreté nucléaire (IRSN, or the French Institute of Radiation Protection and Nuclear 
Safety), a public reference organization in France, published a fact book (IRSN 2010) listing three 
accidents: 

June 1987: An SNF cask was superficially damaged but did not release any material when the trailer 
carrying it swerved into a ditch near Lailly-en-Val, France. The cask was recovered after 
approximately 30 hours, as it was stuck in the soil near the trailer. 

November 1991: An SNF cask was dropped onto a docked ship when the hoisting equipment holding 
it broke; the cask suffered superficial damage, and there were no radiological consequences. 

February 1997: A convoy of three railcars transporting SNF casks to Germany derailed in a rail yard; 
the track and axles of one railcar were damaged, but the casks were not affected. 

Further details about the February 1997 derailment were included in a paper by Rancillac and Sert 
(1999), which noted that the derailment was caused by a rail breaking while the train was traveling at 



A Historical Review of the Safe Transport of Spent Nuclear Fuel 
42   August 31, 2016 

 

28 km/h (17 mph). One of the railcars tipped during the accident, but after 36 hours, the shipment was 
able to continue once it was determined that it could proceed safely. 

At least two additional transportation accidents have taken place since that publication was released: 

July 12, 2013: A train derailment occurred near Bessines sur Gartempe, France. The railcars came to 
a stop after traveling 100 yards; the cause of the derailment was a track problem. It was unclear if the 
train was carrying SNF at the time (Nuclear Street 2013). 

December 23, 2013: A railcar left the track while carrying an SNF cask while travelling at less than 
20 km/h (12 mph). Radiological surveys confirmed that the cask continued to conform to regulatory 
limits for radiation dose rates and contamination. However, a point on the railcar was found to have 
radiological contamination. The railcar was subsequently decontaminated, and another railcar was 
used to complete the shipment. In post-accident analysis, the railcar was not found to be deficient in 
design, manufacturing, or maintenance. The reasons for the derailment were unclear at the time the 
report was written. While this accident did not have significant consequences since the railcar did not 
overturn and no damage was done to the SNF cask, the railyard where it occurred is surrounded by a 
densely populated residential area, with an estimated 250,000 people living within 2.5 km (1.5 mi) of 
the location. For this reason, the rail accident received broad media coverage at the time (IRSN 2014). 

3.2.5.2 Radioactive Contamination 
In May 1998, SNF shipments were suspended for six months in France following the Directorate for the 
Safety of Nuclear Facilities (DSIN) becoming the Competent Authority for SNF shipments in France. It 
was known in the industry and by authorities that SNF shipments received at the Valognes railway 
terminal in France (the arrival point for SNF from France and other continental European countries being 
sent to La Hague facility for reprocessing by the Compagnie Général des Matières Nucléaires 
[COGEMA]) that from 1988 to 1998, around 20% of the arriving SNF casks and vehicles had levels of 
surface contamination in excess of the 4 Bq/cm2 regulatory limit. SNF shipments were suspended at the 
same time in Belgium, Germany, Switzerland, and the Netherlands until surface contamination issues 
could be addressed (Brachet 2000). 

Upon investigation, it was determined that there was no health-related radiological consequence of the 
contamination on the shipments (Common Report 1999). Furthermore, the contamination was due to a 
combination of poor quality control procedures on the part of the shippers and inadequate controls and 
enforcement on the part of the regulators (Price 2000). 

Detailed information on instances of cask contamination are contained in a report (Common Report 1999) 
written by the competent authorities of France, Germany, Switzerland, and the UK. Tables 3-2 and 3-3 
and Figures 3-1 and 3-2 illustrate the extent of the contamination issue and are taken directly from the 
referenced report. Table 3-2 quantifies the extent of surface contamination on SNF casks and vehicles 
from NPPs in France to the Valognes rail terminal from which they are sent onward to the reprocessing 
plant at La Hague. Table 3-3 contains information on the number of shipments and levels of 
contamination on casks and vehicles received at Valognes from continental European countries outside of 
France. Figure 3-1 displays statistics on the frequency of instances of radioactive contamination on empty 
SNF casks (“flasks”) and vehicles (“wagons”) from the COGEMA terminal at Valognes and also from 
British Nuclear Fuels Limited (BNFL) in the UK. Figure 3-2 displays statistics on the frequency of 
radioactive contamination on loaded shipments arriving at the COGEMA terminal at Valognes and also 
those arriving at BNFL. 
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Table 3-2. Instances of contamination on SNF shipments received at Valognes from nuclear power 
plants within France (Common Report 1999). 

Year No. of flasks 
arriving 
Valognes 

Number of contaminated flasks 
Assessment expressed as an average of contaminated points 

 Total 4-50 Bq.cm¯² 50-150 Bq.cm¯² >150 Bq.cm¯² 

1998 68 12 9 2 1 
1997 207 55 51 4 0 
1996 198 54 46 7 1 
1995 153 48 34 13 1 
1994 183 31 24 6 1 
1993 179 45 30 11 4 
1992 132 53 44 8 1 
1991 98 14 9 4 1 
1990 137 29 25 3 1 
1989 143 28 15 13 0 
1988 120 15 6 3 6 

Year No of flasks 
arriving 
Valognes 

Number of contaminated wagons and trailers 
Assessment expressed as an average of contaminated points 

  Total 4-50 Bq.cm¯² 50-300 Bq.cm¯² >300 Bq.cm¯² 

1998 68 1 0 0 1 
1997 207 43 10 22 11 
1996 198 44 15 15 14 
1995 153 44 11 27 6 
1994 183 24 3 10 11 
1993 179 19 1 13 5 
1992 132 29 6 19 4 
1991 98 13 1 8 4 
1990 137 24 3 15 6 
1989 143 20 1 5 14 
1988 120 17 2 5 10 

 

Table 3-3. Instances of contamination on SNF shipments received at Valognes from nuclear power 
plants in continental Europe outside of France (Common Report 1999). 

Year No. of flasks 
arriving Valognes 

Number of contaminated flasks 
Assessment expressed as an average of contaminated points 

  Total 4-50 Bq.cm¯² 50-300 Bq.cm¯² >300 Bq.cm¯² 
1998 19 2 2 0 0 
1997 70 5 5 0 0 
1996 92 4 4 0 0 
1995 85 4 2 0 2 
1994 103 4 1 3 0 
1993 108 5 4 1 0 
1992 102 9 4 2 3 
1991 113 9 6 2 1 
1990 101 8 3 4 1 
1989 134 16 7 7 2 
1988 104 11 7 1 3 
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Table 3 3. Instances of contamination on SNF shipments received at Valognes from nuclear power 
plants in continental Europe outside of France (Common Report 1999) (cont.). 

Year No. of flasks 
arriving 
Valognes 

Number of contaminated wagons and trailers 
Assessment expressed as an average of contaminated points 

  Total 4-50 Bq.cm¯² 50-300 Bq.cm¯² >300 Bq.cm¯² 
1998 19 3 0 0 3 
1997 70 15 0 8 7 
1996 92 8 1 3 4 
1995 85 12 2 3 7 
1994 103 10 0 6 4 
1993 108 10 1 3 6 
1992 102 20 3 10 7 
1991 113 6 0 4 2 
1990 101 14 0 4 10 
1989 134 12 0 4 8 
1988 104 10 0 1 9 

 

 

 
Fig. 3-1. Frequency of contamination instances on empty SNF cask shipments from  

Valognes and BNFL (Common Report 1999).  
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Fig. 3-2. Frequency of contamination instances on loaded SNF cask shipments to  

Valognes and BNFL (Common Report 1999).  

Shipments were allowed to continue once tighter controls and increased monitoring were established. 
Instances of contamination were greatly reduced; however, incidents did continue, as seen in Table 3-4 
(from Pertuis 2000). Shipments from the Bugey and Saint Alban power plants, which had the highest 
levels of contamination, were suspended until (1) the operator could determine the reason that 
contamination at higher levels was still occurring at these two plants and not the others, and (2) corrective 
actions could be taken. More details are included in Pertuis (2000), which concluded that improved 
procedures at facilities and increased monitoring by the regulator is leading to reductions in the frequency 
and magnitude of radioactive contamination on shipments. 

Table 3-4. Frequency of contamination instances on loaded SNF cask shipments to Valognes and 
BNFL (Pertuis 2000). 

Arrival date at 
Valognes 

Sender (nuclear 
power plant) 

Type of Protection Location of 
contamination points 

Max. value measured 
(Bq.cm¯²) 

16/07/1998 Flamanville Cover Cask 15 
18/09/1998 Belleville (in air) Cask 31 
   Wagon 74 
26/10/1998 Gravelines Cover Cask 11 
27/10/1998 Penly (in air) Cask 26 
26/11/1998 Bugey Adhesive film Cask 9 
10/12/1998 Saint Alban Adhesive film Wagon (drip tray)* 716 
18/12/1998 Bugey Adhesive film Wagon 33 
31/12/1998 Saint Alban Adhesive film Wagon (drip tray) 592 
15/02/1999 Tricastin Peelable paint Wagon (bodywork) 9.4 
23/02/1999 Bugey Adhesive film Wagon (water 

retention collector) 
1036 

 

An additional reference presents instances of surface contamination on casks being shipped to COGEMA 
and BNFL from the power plant Gemeinschaftskernkraftwerk Neckar (GKN) in Germany (Bentele and 
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Kinzelmann 1999). The number of shipments on which contamination was detected from 1978–1998 is 
presented in Table 3-5, which originally appeared in the Bentele and Kinzelmann (1999). 

 

Table 3-5. Instances of contamination on casks leaving the GKN plant in Germany (Bentele and 
Kinzelmann 1999). 

 Excessive contamination 
 Arrival GKN Arrival reprocessing plant 
Year Destination Number of 

casks 
Casks Vehicles Casks Vehicles 

1978-98 Cogema 147 21 2   
 BNFL 9 2 0   
 WAK 18 0 1   
 Total abs. 174 23 3   
 Total rel.  13.2% 1.7%   
1984-98 Cogema 93   31  
 BNFL 9   0  
 WAK 17   2  
 Total abs. 119   33  
 Total rel.    27.7%  
1984-98 Cogema 92    19 
 BNFL 9    0 
 Total abs. 101    19 
 Total rel.     18.8% 

 

 

In response to the incidents involving excess contamination on SNF casks in Europe, research was 
conducted into best practices, and papers such as James and Gwyther (2000) were published. While 
earlier papers (e.g., Blackburn and Brown 1991) addressed contamination control practices such as using 
metallic skirts around the casks to avoid contact with water contaminated with fission products and crud 
in the spent fuel pool, James and Gwyther analyzed other factors in contamination control and made 
recommendations such as maintaining the integrity of a high-quality paint system on casks to prevent 
contamination, reducing the amount of time casks spends in the spent fuel pool, reducing the amount of 
time between immersion in the pool and initiation of decontamination procedures, and keeping the paint 
clean and dry at all times possible. It will be important to review current best practices information from 
international sources before the SNF and HLW shipments planned by NFST commence. 

3.2.5.3 Protests surrounding shipments 
The most recent incidents surrounding SNF and HLW shipments have also been the most disruptive. 
Shipments of HLW from the facility in La Hague, France, to Germany have been the scene of large-scale 
protests, beginning with a small local protest in 1979 (Bellona 2010). Larger protests delayed shipments 
in 1997, 2006, 2008, 2010, and 2011. A news article from 2010 describes that year’s protest as the largest 
and longest antinuclear protest in a series, with estimates ranging from 25,000 to 50,000 participants. Due 
to the protests, which included both German and international activists blocking the rails on which the 
shipment was to be made, the transport costs increased by an estimated €25 million (nearly $30 million) 
(Bellona 2010). The 2011 protests were larger than those of the previous year and were more destructive; 
thousands of protesters and 20,000 police clashed at times over the course of the shipments, with 
protestors throwing stones and firecrackers and burning barricades, and police responding with batons and 
water cannons (Spiegel 2011). Over 200 people were injured, including approximately 160 protestors and 
51 security officials. In order to delay the HLW shipment, protestors chained themselves to the rail tracks 
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or to a 600 kg (1,323 lb) concrete block they had built on the rails, and some built and lit a barricade of 
car tires on fire. 

More recently, in 2013, a shipment of HLW was delayed and/or re-routed in the Champagne-Ardenne 
region of France. A French-language new report contains details (Gonzalez 2013). 

The fact that SNF and HLW transportation has been the scene of nonviolent and violent protests which 
have led to delays, cost increases, and injuries, serves to illustrate the importance of sound institutional 
planning of future NFST-related shipments. Radioactive contamination on casks can be minimized by 
following best practices, and radiological consequences can be prevented even in severe transportation 
accidents by robust cask design, but there is no purely technical solution to the protest issue. 
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4. A LOOK AT A PAST TRANSPORTATION ACCIDENT 
On December 8, 1971, a truck carrying one SNF assembly was involved in an accident outside of Clinton, 
Tennessee, while on its way to ORNL. This was the most severe SNF transportation accident in US 
history. The driver of the truck was killed due to the physical trauma of the accident; his death was 
unrelated to the radioactive cargo. There was no damage to the SNF, and there were no radiological 
consequences. This section summarizes a report written shortly after the accident (Chandler 1972). All 
historical information in this section is taken from that reference unless otherwise noted. 

The Hallam cask used during the shipment was originally designed and built to transport material from 
the Hallam nuclear reactor in Nebraska. It was licensed by the US Atomic Energy Commission (AEC) 
after it was demonstrated to be in compliance with 10 CFR 71. Subsequently, DOT issued a special 
permit for the cask, and ORNL was registered as a permitted shipper of the cask. 

The cask was similar in size to current legal weight truck casks in operation. A size comparison with the 
currently most widely used truck cask in the US, the NAC-LWT, is provided in Table 4-1. 

Table 4-1. Comparison of Hallam cask with NAC-LWT cask. 

 Hallam cask NAC-LWT 
Length ~241.5 in. 199.8 in. 
Outer diameter 24 in. 44.2 in. 
Cavity length 204 in. 180.9 in. 
Cavity diameter 5.5 in. 13.375 in. 
Weight (empty) ~23 tons 24.0 tons 

 

4.1 The Accident 
During transportation, the cask would rest in a structural steel shipping cradle assembly or skid. Four 
trunnions welded to the cask, each four inches in diameter, would be bolted to the skid. The cask was 
further secured to the skid by a center girdle. Insulation mats 2 inches thick completely surrounded the 
cask, and around this was placed a canvas tarpaulin secured by hemp rope. The skid was secured to the 
trailer by heavy chains. A single fuel element was being transported in the Hallam cask at the time of the 
accident. It was placed inside a hermetically sealed aluminum canister with a steel lining, and the canister 
was placed inside the cask, along with a shock absorber. 

On the day of the accident, while traveling to ORNL on US 25W outside of Clinton, Tennessee, the truck 
hauling the cask swerved off the road in order to avoid a head-on collision with an oncoming tractor-
trailer that had crossed over the center line of the highway. The driver of the cask truck lost control of the 
vehicle when it left the road surface, and the truck traveled approximately 300 feet before overturning in 
the ditch beside the road, which contained standing water. The cask and tractor-trailer together skidded 
approximately 90 feet through the ditch, and the cask became embedded in the soil. The cask then 
separated from the tractor-trailer, with the tractor-trailer continuing another 52 feet, hitting trees along the 
side of the road before coming to rest. A photograph of the cask at rest in the ditch is shown as Fig. 4-1.  
Figure 4-2 shows the cask with the overturned tractor-trailer in the background. Standing water is clearly 
visible in the ditch in Fig. 4-2. 
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Fig. 4-1. Hallam cask embedded in ditch after accident (Chandler 1972). 

 
Fig. 4-2. Cask separated from tractor-trailer (Chandler 1972). 
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Upon review of the accident scene, it was determined that the tie-downs securing the cask to the trailer 
failed while the cask was buried in the soil and the trailer continued to travel. The thermal insulation and 
tarp covering the cask were also torn from the cask, with only the top and bottom of the cask keeping its 
insulation. The investigators believed that even if a fire had occurred that was more severe than the 
hypothetical accident conditions specified in the regulations, it would not have damaged the cask. This 
was due to half of the cask being buried in water and soil two feet below the road grade, and it was also 
due to the cask cradle still being present, providing some thermal shielding from a potential fire. 

The structural and load-bearing components of the cask, including the cask flange bolts, flange peripheral 
welds, cask axial welds, trunnion welds, and the load-bearing welds and bolts on the structural steel 
support were all inspected before and during the retrieval of the cask. No damage was found to any of 
these components upon inspection. 

The accident occurred at approximately 1:30 PM on December 8, 1971. The Anderson County Sheriff’s 
Department arrived at the accident, stopped traffic, and upon noting the radioactive placards on the trailer, 
evacuated the public within 500 yards. It is unclear from the reference when the Sheriff’s Department was 
notified of the accident. The sheriff notified the AEC Oak Ridge Office (AEC-ORO) at 1:55 PM, and the 
AEC-ORO emergency response team arrived at the accident site between 2:15 and 2:30 PM. They 
performed radiation surveys as shown in Fig. 4-3, and they determined that no radiological contamination 
had occurred. Because of this, traffic was allowed to proceed along the road as soon as the accident 
wreckage could be cleared, and although the reference report is not clear on this, it appears that the 
evacuation order within 500 yards of the accident was also lifted at this time. The shipping papers that 
were found accompanying stated that the cask was to be received at ORNL by J. M. Chandler. Chandler 
was contacted at 2:45 PM and asked to come to the accident scene; he brought health physicist H. P. 
Ward with him to the scene, along with some reference documents, including the cask safety analysis 
report.  

 
Fig. 4-3. Radiation survey performed on cask at accident site (Chandler 1972). 
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To begin the cask recovery process, the cask was first inspected to confirm the integrity of its structural 
welds and bolts. This required removing some of the dirt around the cask. A 25-ton mobile crane was 
initially sent to the site but was found inadequate for the lift in the location, so a 50-ton mobile crane was 
sent. The reference notes that the recovery was delayed two hours waiting for the proper crane to arrive. 
While waiting for the crane, smears of the cask surface were taken, along with samples of the water in the 
ditch where the cask came to rest, and sent to ORNL. No activity significantly different from background 
was found on the cask surface, and no radioactive material was detected in the water sample. Samples 
were taken the following day of the trailer wreckage, and tests performed at ORNL showed no 
contamination of the conveyance. Furthermore, no radioactivity was found upon a survey of the accident 
scene the following day. 

Upon arrival of the 50-ton mobile crane, the cask was first lifted out of the ditch by its cradle, and then 
cables were secured around the cask to complete the move. A photograph of the initial lift is shown as  
Fig. 4-4. The cask was placed on a trailer, as shown in Fig. 4-5, and police escorts were arranged for the 
remainder of the journey to ORNL. Since the original permit for the shipment allowed only daylight 
travel, permission was required to complete the shipment at night; this was granted by the officer in 
charge. 

 
Fig. 4-4. Initial lift during cask retrieval (Chandler 1972). 
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Fig. 4-5. Cask placed on trailer (Chandler 1972). 

Delivery of the Hallam cask to ORNL was delayed seven hours by the accident; it was delivered at 10:45 
PM on December 8 without further incident. A photograph of the cask taken at ORNL the following day 
is shown in Fig. 4-6. 

4.2 Aftermath 
On December 9, the cask was washed in order to remove mud and debris, and an inspection was 
performed. No further damage to the cask was identified. A radiation survey of the cask was performed in 
an attempt to locate any breaches in the shielding through which radiation would stream. The reference 
notes that this was a very thorough survey and that no breaches were found in the shielding. The cask was 
then lowered into a horizontal orientation for unloading, and the fuel element was removed without 
incident. The cask cavity was examined, and the absence of any mud or water in the cask indicated that 
none of the containment system O-rings had failed. 

After the canister was unloaded, it was inspected. Small scratches were found on the outside of the 
canister but were determined to be normal incidental to handling. No other damage to the canister was 
found. The shock-absorbing cylinder was also inspected and found to be undamaged; it was 
decontaminated and packaged for reuse in future shipments. 

The fuel element was unloaded from the canister without incident. It was not found to have any nicks, 
unusual marks, or breakage. Photographs documenting the lack of damage to the fuel element were taken 
(Fig. 4-7 and Fig. 4-8). 

An additional inspection was performed of the cask after the fuel had been unloaded. No further damage 
was found beyond that noted at the accident site, and there had been no deformation of the cask or of the 
cradle during transport. 
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Fig. 4-6. Cask as received at ORNL (Chandler 1972). 
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Fig. 4-7. Bottom end of fuel element (Chandler 1972). 

 
Fig. 4-8. Top end of fuel element (Chandler 1972). 

A series of repairs was made to the cask to prepare it for future shipments. The entire cask was 
sandblasted and repainted, and since some paint had been scraped off in the accident, the whole cask was 
refinished. The cradle was also sandblasted and repainted. All of the bolts, nuts, and washers that would 
be taken off and put back on at every loading and unloading were replaced as preventative maintenance, 



A Historical Review of the Safe Transport of Spent Nuclear Fuel 
56   August 31, 2016 

 

even though none were found to have failed in the accident. Also, all four of the O-rings were replaced. 
The steel dowel pins and bolts that had aligned and bolted together the cask center support girdle were 
replaced; two of each of these items had failed in the accident. The repairs were completed January 12, 
1972. A photograph of the cask being returned to service upon completion of the repairs is shown as 
Figure Fig. 4-9. 

 
Fig. 4-9. Hallam cask returned to service after repairs (Chandler 1972). 

Future shipments used a trailer with a lower center of gravity and improved tie-downs. The trailer had 
been under development and was planned for future shipments of the Hallam cask before the accident; the 
reference report noted that coincidentally, recommendations to use trailers with improved tie-downs and 
lower centers of gravity were made without knowing that a trailer was already planned for use with those 
improvements. 

In analyzing factors that contributed to the accident, the high center of gravity of the cask and trailer was 
determined to be a contributing factor in the driver’s inability to regain control of vehicle. 

The report also noted that the officer who responded to accident showed good judgement in rerouting 
traffic and contacting radiation experts. 

Finally, the author of the report envisioned a need for consists of radioactive material traveling on trains 
to reduce the possibility of traffic accidents involving multiple containers of radioactive material, given 
that he expected the quantity of SNF shipments to increase considerably with a significant expansion of 
nuclear power in the coming decades. The recommendation to ship SNF mostly by rail was later issued by 
the National Academy of Sciences in its report, Going the Distance? The Safe Transport of Spent Nuclear 
Fuel and High-Level Radioactive Waste in the United States (NAS 2006) 34 years after the Hallam cask 
accident report was written.
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5. NRC REPORTS ON SNF TRANSPORTATION 
The NRC has published four reports since 1977 specifically focused on investigating the transportation of 
SNF and assessing and quantifying the risks inherent in this activity. The first, entitled Final 
Environmental Statement on the Transportation of Radioactive Material by Air and Other Modes, was 
issued December 1977 and designated NUREG-0170 (NRC 1977). It included SNF in its investigation 
but provided a broader analysis of all transportation of radioactive material. This study was revisited in 
1987 to make more realistic assumptions about cask performance during accidents on roads and rails; the 
study, often referred to as the “Modal Study,” was designated NUREG/CR-4829 (Fischer et al. 1987) and 
titled Shipping Container Response to Severe Highway and Railway Accident Conditions. A report issued 
in 2000, Re-examination of Spent Fuel Shipment Risk Estimates, was designated NUREG/CR-6672 
(Sprung et al. 2000), and the most recent study, NUREG-2125 Spent Fuel Transportation Risk 
Assessment (NRC 2014) was released in 2014. This section reviews all four of these documents. 

At this writing, the NRC is examining actual transportation accidents during which severe fires were 
present to estimate the effects of these accidents on a hypothetical cask containing SNF. These reports, 
NUREG/CR-7206, 7207, and 7209, have not yet been released in final form and are not addressed in this 
current report. 

5.1 NUREG-0170 
The purpose of Final Environmental Statement on the Transportation of Radioactive Material by Air and 
Other Modes was to reevaluate regulations of shipping radioactive materials in air. Although the primary 
focus was to consider air shipments, alternative modes also needed to be compared. One alternative 
considered was to ship radioactive material by special trains. However, aspects of rail shipments such as 
routing and vehicle safety features were beyond the work scope. Furthermore, the report focused on all 
radioactive materials rather than specifically SNF and/or HLW. In addition, the report did not consider 
the alternative of shipping reduced quantities of radioactive material to reduce risks since it was assumed 
that the benefits of shipping the material outweighed any risks. 

Although the report was issued after reprocessing of SNF was banned in the US, the study was done prior 
to the ban being issued, so the report states that its projections estimating future shipments of materials 
including plutonium would need to be revisited. 

The introduction section of NUREG-0170 ends by noting that the validity of the risk assessment was 
strongly contested within the NRC. The assumptions made for this report where data was not available 
were very conservative, and many of the contributors to the report did not consider the assumptions 
realistic. The introduction notes that improved data should be collected and the analysis revisited in the 
future, but since the report concludes that risks of transporting radioactive material are very low compared 
to transportation in general, the overly conservation assumptions made are, in general, not detrimental to 
the report’s conclusions. 

The report begins by reviewing air transportation, a mode not used for SNF. More than half of the doses 
received during air transportation would be received by transportation workers, while the remainder 
would be received by approximately 10 percent of the US population. This dose is almost entirely due to 
radiation from compliant packages. More than half of the dose is due to shipments of medical isotopes. 
None of the dose would lead to short-term fatalities. 

Accident consequences would be limited for most shipments due to the short half-lives of material most 
frequently carried, the low radiotoxicity of those materials, and limited dispersibility of those materials. 
The report conveys that a worst-case accident scenario in radioactive material transportation would be an 
accident involving a shipment of plutonium or 210Po, leading to a release of material in an area of high 
population density. The effects of this could include as many as 60 people receiving an acute radiation 
dose causing some health effects, and potentially the death of the person receiving the highest exposure. 
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However, in order for this to happen, the package would undergo gross failure as opposed to a closure 
seal leak or a similar issue, and the material would have to be released in a respirable form. Furthermore, 
to reach a worst-case scenario, the report authors assumed that meteorological conditions would keep this 
material airborne in high quantities for a long time and that they would take no mitigating actions such as 
evacuation of the area. The report assumed that an accident involving SNF would not lead to 
consequences as significant as in this worst-case scenario. 

SNF transportation was considered specifically in some sections of this report. While nuclear fuel cycle 
shipments and radioactive waste shipments combined constituted just under 25% of all radioactive 
material shipments, only a small fraction of this would be likely to be SNF. The unavoidable negative 
effects of SNF transportation were considered to be routine radiation exposures to the public and the 
potential for accidents. Both the accident potential and exposure to the public are very small, but they are 
impossible to eliminate entirely. 

The principal environmental impact of SNF shipments considered in the study was direct radiological 
exposure to people during transport. Due to the large mass of SNF shipments, the only modes considered 
for this material were truck, rail, barge, and ship. Exposure to the public during barge and ship 
transportation was assumed to be negligible due to their distance from the public. Therefore, road and rail 
transportation were analyzed in greater detail. However, the conservative assumption was made that 
buildings, terrain, and vehicles would not provide any shielding to members of the public along 
transportation routes for SNF shipments. 

For all truck shipments of radioactive material not limited to SNF, the typical maximum annual dose to a 
truck driver was estimated at 870 mrem, the total collective population dose for people along the 
transportation route would be 348 person-rem, and 172 person-rem would be the expected dose to the 
public sharing the roads with the shipment. A driver who followed a truck shipment for its entire duration 
could be expected to receive 1.9 mrem. The maximum expected dose to a resident along the most-used 
route for SNF would be 0.009 mrem per year. The report does not provide context for these figures; 100 
mrem is the regulatory dose limit for members of the public in any given year. 

Shipments of radioactive material by rail would be expected to yield lower doses to workers and members 
of the public. The maximum annual dose to a train crew member was estimated to be 1.2 mrem, the 
collective population dose to people sharing the rails was estimated at 0.012 person-rem, and the off-link 
dose to the population near the rail route would be 23 person-rem per year. Doses to people when trains 
hauling SNF pass through stations were considered negligible compared to these quantities. 

It was estimated that a typical shipment of radioactive material would result in a dose of 0.2 person-rem 
to handlers. However, this dose may be lower for SNF shipments. Due to the large sizes of SNF casks and 
the need for heavy equipment to handle them, handlers will stand farther away and therefore receive a 
lower dose than they would receive when working with other radioactive material shipments. 

The report defines the annual radiological risk as the product of the accident probability and its 
consequence. Probability of an accident was defined as the accident rate per vehicle kilometer (a national 
average by mode, not defined at the route or local level) multiplied by the distance of a shipment, 
multiplied by the total number of shipments using a particular mode. The consequences of an accident 
were estimated using probabilities of the severity of an accident. Furthermore, accidents were expected to 
have more severe consequences in rural areas when compared to urban areas since travel speed is usually 
higher outside of urban areas. Since there was a dearth of data on release fractions and probabilities of 
release in accidents, estimates were made which the report describes as extremely conservative. 

The probability of one or more early fatalities due to an accident in the transportation of all radioactive 
material (of which SNF transportation is a small fraction) was estimated at 3.5 × 10-4, with 0.068 latent 
cancer fatalities expected from shipments of all radioactive material in 1975. The report anticipated larger 
quantities of radioactive material to be transported in 1985, expecting 1.09 latent cancer fatalities from 
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exposure to population from all shipments in 1985. Approximately 50 times more fatalities were expected 
to result from nonradiological accidents transporting all radioactive materials (such as traffic accidents) 
than from any radiological consequences of accidents, but less than one fatality was expected per five 
years from all transportation of radioactive material. 

It should be noted that since the release of NUREG-0170 in 1977, the International Commission on 
Radiological Protection (ICRP) stated in its 2007 recommendations (ICRP 2007) that such predictions as 
latent cancer fatalities should not be projected based on “trivial exposures to large populations,” although 
it does not define the term “trivial” as used in that recommendation. 

The overall risk to an individual was estimated at 1 in 200,000,000,000 per year due to transportation of 
radioactive materials, and the report concluded that because of the many benefits of the use of radioactive 
materials requiring their transportation, this was an acceptable risk. 

5.2 NUREG/CR-4829 
In the 1980s, the NUREG described in the previous section was revisited, and an effort was launched to 
improve the estimates of the actual responses of SNF casks to transportation accidents. Since the previous 
study on radioactive materials transportation, improved computational tools had become available which 
would allow for more realistic, less conservative estimates to be made. The new study was released as 
NUREG/CR-4829, Shipping Container Response to Severe Highway and Railway Accident Conditions, in 
1987. 

Because all casks must meet the requirements described in 10 CFR 71 to become certified for 
transportation of radioactive materials, it was assumed that any accident less severe than the hypothetical 
accident conditions described in the regulation would result in no release of radioactive material. The goal 
of this report, referred to as “the Modal Study,” was to estimate the effects of accidents more severe than 
the regulatory hypothetical accident conditions. 

To estimate the response of the cask to accident conditions, models used in the report took into account 
(1) cask impact velocity in accidents where a cask struck an object, (2) hardness and weight of the object 
struck, and (3) cask orientation. In accidents involving fires worse than the 30-minute engulfing fire at 
1475oF specified in the regulation, the fire duration, flame temperature, and distance of the fire from the 
cask were also taken into account. 

The approach taken in this study was to develop a probability tree of transportation accidents. Given an 
accident, probabilities were determined for collisions with vehicles or objects and other accident 
characteristics such as whether the vehicle overturns or if there is a fire. The type of soil or other material 
impacted was also included in these probability trees since impacting a bridge abutment would cause 
more severe consequences to a cask than impacting soft soil. Accident probabilities for road transport 
were derived using data from California accident records, and it was assumed that the California 
information was representative of transportation accidents nationwide in terms of their probabilities and 
effects. Accident data from the FRA were used to determine rail accident probabilities. When data were 
not available for parameters such as cask orientation or distance of the cask from the center of a fire, the 
report authors made assumptions for these parameters. These assumptions included the probability that a 
cask comes to rest close enough to a fire to raise the internal temperature by enough to damage particular 
cask internal components. 

While many models of casks have been certified for the transport of SNF, two representative designs 
were used for the analysis in the Modal Study. One cask model was developed for truck transportation, 
and one cask model was developed for rail transportation. Each model had a steel shell, closure seals and 
bolts, lead gamma shielding, and a neutron shield assumed to be lost in an accident. The truck cask had a 
capacity of 1 PWR assembly, and the rail cask was assumed to carry 21 PWR assemblies. Soft impact 
limiters were modeled to increase subsequent damage from accidents (for example, to increase damage to 
the modeled lead gamma shield). Criticality was not explicitly addressed; instead, the report concluded 
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that criticality would only be a concern when an accident leads to the loss of the fuel assembly’s integrity 
and the cask lands in a moderating material. 

Upon an initial screening, 99.4% of all potential accidents fell into a category where no radiological 
significance would exist in such an accident. This was due to accident conditions being significantly less 
severe than the hypothetical accident conditions outlined in the regulations. Nineteen other potential cask 
responses were determined for more severe accidents, however, analytical computational tools were used 
to determine the mechanical and thermal loads on a cask in a hypothetical accident. Based on these 
consequence categories and the probability data on transportation accidents, it was estimated that fewer 
than 0.001% of truck accidents and less than 0.012% of rail accidents would be severe enough to cause 
release of radiation or radioactive material in excess of regulatory limits. Compared with the conclusions 
of NUREG-0170, this means that on the order of ten times fewer potential accidents would be of 
radiological concern. Furthermore, the direct radiation risk per accident was estimated at approximately 3 
times lower than NUREG-0170 risks for rail accidents and 25 times lower than that estimated for truck 
accidents. 

The conclusions section of the Modal Study describes several severe transportation accidents that had 
occurred recent to the study. In one accident a train carrying flammable chemicals derailed and burned for 
five days before emergency personnel could mitigate the accident. This is the only accident for which the 
authors expected any radiological consequences resulting from the accident. 

5.3 NUREG/CR-6672 
In 1996, the NRC launched an effort to reexamine the conclusions of NUREG-0170. The resulting report, 
Reexamination of Spent Fuel Shipment Risk Estimates, was published in 2000 as NUREG/CR-6672. As 
for the previous risk assessment revisiting SNF transportation, this study was implemented in anticipation 
of future large-scale SNF shipments and was enabled by the availability of improved data and analysis 
methodologies. 

To reexamine the conclusions regarding incident-free transportation, a set of transportation routes was 
developed going from existing at-reactor SNF storage locations to potential storage or disposal facilities 
for both rail and road shipments. A total of 741 different truck routes and 741 different rail routes were 
analyzed to determine the length, fraction of the route that is through urban and rural areas, and 
population density along potential routes for SNF transport. A smaller subset of hypothetical routes was 
developed based on these parameters to ensure that routes for which incident-free risk assessment 
calculations were performed represented actual future SNF routes. Collective population doses were 
estimated based on these hypothetical representative routes. Unlike the analysis performed for NUREG-
0170, NUREG/CR-6672 takes radiation shielding due to buildings when a cask is transported through a 
populated area into account. Shielding factors are based on the attenuation of gamma radiation in typical 
construction materials. It is assumed that all radiation from a cask in shipment is gamma radiation (as 
opposed to neutrons) and that the external dose rate is the maximum allowed by regulation. Thus, the 
incident-free population dose is expected to still be somewhat conservative, although it is significantly 
more realistic than the dose estimated by NUREG-0170. 

Truck and rail accident rates were taken from published statistics to derive accident probabilities. Truck 
and train data became available from a wider variety of sources since the publication of the Modal Study, 
including studies sponsored by DOT and DOE. Thus, accident probabilities have been updated since the 
Modal Study, and reported accident rates for both truck and train transportation have decreased with the 
addition of this new data. 

Four generic models for casks were used in this report. Two truck casks, one with lead shielding and one 
with depleted uranium (DU) shielding, were modeled. The generic rail cask models had lead shielding 
and a monolithic steel cask in which gamma shielding is supplied by the great thickness of steel. The 
report notes that the cask models are designed for performance of 3-D computational structural analysis, 
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and although they are representative of SNF shipping casks, they are not designed to accurately portray 
any particular cask model or any cask developed by a specific vendor. The rail casks were assumed to 
carry up to 24 PWR or 52 BWR assemblies; the lead-shielded steel truck cask could contain 1 PWR or 2 
BWR assemblies, and the DU-shielded steel truck cask could contain 3 PWR or 7 BWR assemblies. 
Thus, the SNF source term was greater in this analysis than that performed in the Modal Study, which 
assumed a smaller capacity for all casks. 

Structural analysis of the generic casks was performed using 3-D finite element computational tools with 
the goal of determining whether impacts to the cask would be sufficient to cause the necessary 
deformation around the bolts and O-ring seals of casks to release any material within the cask. Strain in 
the closure bolts which could be conservatively assumed to fail was estimated to be reached in side 
impacts involving the rail casks over 60 mph, corner impacts over 90 mph, and end impacts over 120 mph 
onto an unyielding surface. In corner impacts over 60 mph for the rail casks (and for side impacts of 120 
mph for the monolithic steel rail cask), a leak path could also be opened at the O-ring seal. In high-speed 
end-on impacts, some radiation shielding may also be lost due to lead slumping, because lead is a soft 
metal and may change position in high-speed impacts. Gamma radiation would be able to stream through 
the part of the cask from which the lead shielding has moved. The report includes this possibility for the 
120 mph end-on impact of both the truck and rail casks using lead shielding; this effect is not observed in 
the DU-shielded truck cask or the monolithic steel rail cask. 

The report further notes that the impact velocities used in the calculations are for impacts with rigid 
objects in which the energy of the impact is absorbed by the cask. For comparison, for a cask to impact 
soil and absorb the same amount of energy as a 120 mph collision with a rigid surface, it must strike the 
soil at 309 mph. Similarly, for impacts of actual casks on concrete and water, the impact velocity must be 
significantly higher than that for a rigid surface. In cases where bolt or O-ring deformations were 
hypothesized by the computational analysis, casks would have to strike soil, concrete, or water at more 
than 150 mph. 

Due to the thickness of the casks, punctures were considered highly unlikely in any accident; data from 
the rail industry indicated that tank cars with a shell thickness of greater than one inch rarely suffer 
punctures in accidents. All of the generic cask models in this report have steel shells thicker than one 
inch. However, for conservatism, the report assumed that truck casks would puncture in 0.1% of accidents 
and that rail casks would puncture in 1% of rail coupling impacts and 0.1% of all other accidents. 

Thermal analysis was performed on all four cask models. Casks were treated as one-dimensional 
cylinders, with the SNF being treated as an internal heat source. Fires were modeled outside the cask: one 
at 800oC (the regulatory specification), and one at 1,000oC. This analysis therefore assumed that the fires 
uniformly engulfed the casks. The time required to reach certain temperatures inside the cask was 
estimated from the analysis. At 350oC, the elastomeric closure seals of casks would be expected to 
degrade and potentially cause leakage, and at 750oC, the SNF rods would begin to rupture, releasing 
radioactive material otherwise contained by the cladding. In a 1,000oC fire, the seal failure temperature 
would be expected to be reached at approximately one hour for all four casks. The truck casks would 
reach rod rupture temperature after approximately two hours, while the lead-shielded rail cask would 
reach that temperature after three hours, and the monolithic steel rail cask would be expected to insulate 
the rods from rupture temperature until more than six hours into the fire. It would take more than twice as 
much time to reach this rod failure temperature in a fire at the 800oC temperature specified in the 
regulations. Conservatisms introduced to the thermal models include the use of SNF which has been 
cooled for only three years (thus generating more internal heat and being at a higher internal temperature 
initially), and the assumption that the neutron shield disappears at the beginning of the fire, where neutron 
shields are typically hydrogenous materials which would provide some thermal shielding for minutes. 

Using event trees such as those used in the Modal Study but with updated accident data, probabilities of 
particular transportation accidents were estimated. Accidents were further classified by impact velocity 
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from which strain of cask components and SNF rods could be determined, along with the temperature and 
duration of any fire present. Based on the earlier structural and thermal analysis, only a severe collision 
and/or a long duration fire would have the potential to release radioactive material. 

It is concluded that incident-free population doses due to truck transportation will be higher than those for 
train transportation by a factor of 180–585. This is due to the much smaller capacity of truck casks when 
compared to rail casks, which necessitates a much greater quantity of truck shipments necessary to move 
the same quantity of SNF. While the consequences of a train accident would be expected to be greater 
than the consequences from a truck accident due to the larger quantity of radioactive material in a rail 
cask, the overall truck accident dose risks exceed train accident dose risks as well by as much as a factor 
of 26. The text of the report lists a factor of 260, but this figure is likely written due to a decimal place 
error. 

Compared to the results of NUREG-0170, NUREG/CR-6672 estimates the population dose per incident-
free shipment as lower in every case using the newer data and analysis methods. Furthermore, the 
accident risk estimated in NUREG/CR-6672 was lower than the incident free dose risk by an order of 104. 

A table was included listing the dose risks if the entire inventory of SNF as of 1994 were to be shipped. 
Incident-free population doses were estimated at 61 person-rem from rail transportation, and 1,040–3,290 
person-rem from truck transportation. Accident population dose risks ranged from 0.0054 person-rem to 
0.046 person-rem, with dose risks being lower from rail transportation than truck. These doses are lower 
than those estimated by NUREG-0170, which concluded that the risks were low in comparison to the 
benefits to society of the continued usage of radioactive materials. 

5.4 NUREG-2125 
The most recent risk assessment report released by the NRC, Spent Fuel Transportation Risk Assessment, 
was designated NUREG-2125 and issued in 2014. It echoes previous reports in that the risks of 
transporting SNF are small, but it puts these dose risks into perspective by comparisons with natural 
background radiation. The collective dose risks estimated in the NUREG reports described in previous 
sections do not change considerably in the new calculations performed for NUREG-2125. What has 
changed is the statement that these population doses are four to five orders of magnitude lower than the 
natural background radiation dose received by the same population during the same time period. 

The comparison of population dose during incident-free transport to natural background radiation dose 
also adds perspective to the accident dose risk. NUREG/CR-6672 estimated accident dose risk to be 
smaller than incident-free dose by approximately four orders of magnitude. Based on the comparisons 
made in NUREG-2125, this suggests that the radiological accident dose risk from SNF transportation 
estimated in NUREG/CR-6672 is eight to nine orders of magnitude smaller than the dose received by the 
public from all naturally occurring sources. 

Although the incident-free dose risk estimates did not change substantially in NUREG-2125 from earlier 
analyses, the accident calculations were updated using improved computational models, especially for 
modeling fire scenarios. Detailed three-dimensional computational analysis was performed for three 
actual models of a truck cask and two rail casks. A significant change from earlier analysis was that in the 
event of a fire involving a truck cask and a loaded tanker truck, there would be no release of radioactive 
material since a fire fueled by a full tanker truck, even if it completely engulfed the cask, would burn for 
one hour, which is not enough time to cause damage to the cask containment seals or to reduce the 
effectiveness of the lead gamma radiation shield. Thus, this report found no credible truck accident in 
which radioactive material would be released; the only radiological consequence of an accident with a 
truck cask containing SNF would be the additional exposure to the emergency personnel during the time 
the accident scene is cleared. This additional exposure would not approach the limits specified in 
regulations for allowable occupational dose. 
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Furthermore, the report could not foresee a credible accident in which SNF contained in a welded canister 
inside the cask could release any radioactive material. This is significant because it is considered likely 
that much SNF will be shipped from reactor sites to interim storage or a repository in welded canisters 
inside casks. For an accident in which the SNF in the cask is not stored in a welded canister, the estimated 
risks of radiological effects to members of the public remain small and indeed are smaller than the risks 
estimated earlier using less realistic computational models and tools. NUREG-2125 estimates the 
radiological risk of rail shipments as 2.5 × 10-13 person-Sv per shipment from accidents in which the 
effectiveness of the lead radiation shielding of the cask is compromised in a severe fire, and the collective 
dose risk due to a release of radioactive material from the cask is estimated as 3.5 × 10-14 person-Sv. It is 
estimated that the individual with the greatest exposure in the most severe accident envisioned in this 
report would receive a dose of 1.6 Sv, which would not be an acute fatal dose. 

5.5 OBSERVATIONS  
In every reinvestigation of SNF transportation risk assessment undertaken by the NRC, the radiological 
risks of SNF transportation have been estimated to be low in comparison to the risks inherent in truck and 
rail transportation. Furthermore, the collective dose received by the general public from SNF and HLW 
shipments is smaller than the naturally occurring background dose received by the same population in the 
same period of time by four orders of magnitude. 

As computational analysis methods have improved, estimated risks of SNF transportation have decreased. 
In the earliest risk assessment reports, it was assumed that casks would rupture in accidents and release all 
of their contents since the mechanisms for cask failure could not be modeled. As methods improved, it 
became possible to model strains on cask components and SNF rods, as well as the effects of high 
temperatures on containment seals and cask shielding. As more detailed and realistic simulations were 
performed, the estimated probabilities of component failure decreased. The risks themselves have not 
changed over time: only the estimates of the risks based on available analysis methodologies and tools 
have changed. As methods and assumptions have improved and uncertainties have been reduced, it has 
become possible to develop more reliable estimates of the actual risks involved in SNF transportation. 

Since the NRC’s first investigation of SNF transportation risk, regulations on casks have always been 
found adequate to protect the health and safety of the public in the event of a transportation accident. The 
hypothetical accident conditions described in the regulations are in fact much more severe than the 
majority of potential transportation accidents.  
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6. CONCLUSIONS 
The transportation of SNF has a safe history spanning over fifty years. In the US alone, over one million 
miles of SNF shipments have been safely conducted. Worldwide, the number of SNF shipments that have 
been made is not significantly less than 20,000, but due to incomplete records, may be much greater. 
Similarly, at least 35,000 tons of SNF have been shipped worldwide over the last 50 years or more, but 
the total quantity shipped may be greater. In developing a large-scale SNF transportation system, DOE 
must remain cognizant of the wealth of experience worldwide in shipping SNF safely. 

There have been few transportation incidents involving SNF over its history. SNF and HLW 
transportation incidents can be divided into three general categories. The first and most common category 
involves radioactive contamination on the surface of SNF casks and/or the vehicles on which they are 
transported. Instances of contamination have occurred in many countries where SNF and HLW have been 
transported, and proper operating procedures and cask maintenance have led to a reduction in the 
frequency of contamination incidents and the levels of contamination. The second category involves 
transportation accidents. While it may be impossible to completely prevent transportation accidents, the 
transport safety regulations specify that SNF and HLW casks be designed to contain their radioactive 
contents even in severe accidents. This has led to an exemplary record over which no injury has ever been 
caused by the radiological nature of SNF or HLW in a transportation accident. The third category, which 
has had the most severe effects in terms of schedule, cost, and public safety, is a result of public 
demonstrations and protests that have led to the disruption of shipments. Although no radiological effects 
have resulted from delays and protests of HLW shipments, there have been injuries due to clashes 
between protestors and police forces.  

The most severe accident in transporting SNF known to the authors was examined in this report as a case 
study. There were no radiological consequences in the fatal truck accident in which the trailer carrying the 
SNF cask overturned and was embedded in a mud- and water-filled ditch on the roadside. The lack of 
radiological consequences in this accident was due to the high regulatory standards and robust design and 
construction of the SNF cask, and it serves to illustrate the safe performance of SNF packages in accident 
conditions. This is essential since it is impossible to avoid all transportation accidents. 

The NRC is focused on understanding transportation accidents and their potential consequences on SNF. 
Four times in the past 40 years, the NRC has issued reports assessing the risks inherent in SNF 
transportation. As data have become more available and analytical methods have improved, the NRC has 
been able to make more realistic assumptions with each study. The use of realistic as opposed to 
conservative models and assumptions has led to an improved understanding of the risks of transporting 
SNF; the estimated risks and consequences have decreased as models have improved. 

While it is impossible to eliminate all risks from the transportation of SNF, continued study has shown 
the risks of SNF transportation to be low, and the record of SNF transportation worldwide is a successful, 
safe record, with tens of thousands of safe shipments over more than fifty years. 
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  Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 
SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION – NRC INSPECTION 

REPORT 05000361/2017-002 AND 05000362/2017-002  
 
Dear Mr. Palmisano: 
 
This letter refers to the U.S. Nuclear Regulatory Commission (NRC) inspection conducted on 
May 8-11, 2017, at the San Onofre Nuclear Generating Station, Units 2 and 3.  The NRC 
inspector discussed the results of this inspection with you and other members of your staff 
during an onsite final exit meeting conducted on May 11, 2017.  The inspection results are 
documented in the enclosure to this inspection report. 
 
This inspection examined activities conducted under your license as they relate to public health 
and safety, the common defense and security, and to confirm compliance with the Commission's 
rules and regulations, and with the conditions of your license.  Within these areas, the inspection 
consisted of selected examination of procedures and representative records, observations of 
activities, and interviews with personnel.  Specifically, the inspector reviewed the synchronous 
condenser activities, Unit 2 and 3 spent fuel safety, radioactive waste treatment and effluent 
monitoring program, occupational radiation exposure, and the training and qualification 
effectiveness for the Operations and Radiation Protection programs.  
 
Based on the results of this inspection, the NRC has determined that one Severity 
Level IV violation of NRC requirements occurred.  The violation related to the licensee’s 
failure to maintain the Certified Fuel Handler training program as required by Technical 
Specifications 5.3.2.  The licensee identified the finding, initiated a prompt evaluation and took 
adequate corrective actions.  Since this issue was entered into your corrective action program, 
was of very low safety significance, the violation was non-repetitive and not willful, then this 
violation is being treated as a Non-Cited Violation (NCV), in accordance with Section 2.3.2 of 
the NRC Enforcement Policy.  This NCV is described in the subject inspection report.   
 
You are not required to respond to this letter unless the description herein does not accurately 
reflect your corrective actions or your position.  However, if you contest the violation or 
significance of the NCV, you should provide a response within 30-days of the date of this 
inspection report, with the basis for your denial, to the U.S. Nuclear Regulatory Commission, 
ATTN:  Document Control Desk, Washington, DC  20555-0001, with copies to:  (1) the Regional 
Administrator, Region IV, and (2) the Director, Office of Enforcement, U.S. Nuclear Regulatory 
Commission, Washington, DC  20555-0001. 
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T. Palmisano 2 

 

 
In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a 
copy of this letter, its enclosure, and your response if you choose to provide one, will be made 
available electronically for public inspection in the NRC Public Document Room or from the 
NRC's Agencywide Documents Access and Management System (ADAMS).  ADAMS is 
accessible from the NRC’s Website at http://www.nrc.gov/reading-rm/adams.html.   
To the extent possible, your response should not include any personal privacy or proprietary, 
information so that it can be made available to the Public without redaction. 
 
If you have any questions regarding this inspection report, please contact Rachel Browder at 
817-200-1452, or the undersigned at 817-200-1549. 
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 Ray L. Kellar, P.E., Chief 
 Fuel Cycle and Decommissioning Branch 
 Division of Nuclear Materials Safety 
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Enclosure:   
Inspection Report 05000361/2017-002; 
05000362/2017-002  
 w/Attachment:  Supplemental Information 
 
 
 



 

Enclosure 

U.S. NUCLEAR REGULATORY COMMISSION 
 

REGION IV 
 
 

Docket Nos. 05000361; 05000362 

License Nos. NPF-10; NPF-15 

Report Nos. 05000361/2017-002; 05000362/2017-002 

Licensee: Southern California Edison Company 

Facility: San Onofre Nuclear Generating Station, Units 2 and 3 

Location: 5000 South Pacific Coast Highway, San Clemente, California   

Dates: May 8-11, 2017 

Inspector: 
 

Rachel S. Browder, C.H.P., Senior Health Physicist 
Fuel Cycle and Decommissioning Branch 
Division of Nuclear Materials Safety 
 

Assisted By: Shiattin Makor, Reactor Inspector 
Engineering Branch 2 
Division of Reactor Safety 

Accompanied  By: Ray L. Kellar, P.E., Chief 
Fuel Cycle and Decommissioning Branch 
Division of Nuclear Materials Safety 
 

Approved By: Ray L. Kellar, P.E., Chief 
Fuel Cycle and Decommissioning Branch 
Division of Nuclear Materials Safety 

 
 
  



 

 
2 

EXECUTIVE SUMMARY 
 

San Onofre Nuclear Generating Station, Units 2 and 3 
NRC Inspection Report 05000361/2017-002; 05000362/2017-002 

 
This U.S. Nuclear Regulatory Commission (NRC) inspection was a routine, announced 
inspection of decommissioning activities being conducted at the San Onofre Nuclear Generating 
Station (SONGS) Units 2 and 3.  In summary, the licensee was conducting these activities in 
accordance with site procedures, license requirements, and applicable NRC regulations, with 
one exception as described in Section 5.2 of this report. 
 
Decommissioning Performance 
 
 The licensee had initiated excavation activities in the southern portion of the switchyard and 

construction of the soil nail wall in support of the synchronous condenser construction.  The 
licensee’s survey results and the NRC composite soil sample confirmatory data indicated 
that the excavated soil was indistinguishable from background radiological levels and 
therefore met the unrestricted use criteria established under 10 CFR 20.1402.  Based on the 
survey results, the excavated soil was unconditionally released from the site.  The inspector 
concluded that the licensee was monitoring and maintaining liquids at the site in accordance 
with the Updated Final Safety Analysis Report (UFSAR). (Section 1.2) 

 
Spent Fuel Pool Safety 
 
 The SONGS Units 2 and 3 spent fuel pools were being maintained in accordance with 

technical specifications and procedural requirements.  The licensee was safely storing spent 
fuel in wet storage. (Section 2.2) 

 
Radioactive Waste Treatment, Effluent, and Environmental Monitoring 
 
 The licensee maintained effluent monitoring and control systems as required.  The effluent 

flow paths and monitoring systems reviewed aligned with descriptions in the Offsite Dose 
Calculation Manual (ODCM) and were calibrated, functional, and the alarm setpoints met 
regulatory requirements.  The licensee’s effluent monitoring program was being conducted 
in accordance with the appropriate regulatory requirements as prescribed by the SONGS 
ODCM. (Section 3.2) 

 
Occupational Radiation Exposure 
 
 The licensee effectively implemented its “As Low As is Reasonably Achievable” ALARA 

program in accordance with procedures and regulatory requirements.  The licensee 
demonstrated initiatives to implement methods and practices to maintain doses ALARA.  
Based on a review of the dose history, ALARA 2016 Annual Report, and ALARA committee 
meeting reports, the inspector concluded that issues, events, or problems were identified 
and resolved to preclude possible issues in the area of radiological controls.  The licensee 
was adequately implementing its radiological survey program in accordance with 10 CFR 
20.1501. (Section 4.2) 
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Training and Qualification Effectiveness 

 The NRC determined that one Severity Level IV Non-Cited violation (NCV) of Technical 
Specifications, Section 5.3.2, occurred based on the licensee’s identification of the failure to 
maintain an NRC approved training and retraining program for Certified Fuel Handlers.  The 
licensee was implementing its Radiation Protection Training program in accordance with its 
procedures and regulatory requirements. (Section 5.2) 
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Report Details 
 

Summary of Plant Status 
 
On June 12, 2013, Southern California Edison (SCE), the licensee, formally notified the NRC by 
letter that it had permanently ceased power operations at Units 2 and 3, effective June 7, 2013, 
(ML131640201).  By letters dated June 28, 2013, (ML13183A391) and July 22, 2013, 
(ML13204A304) the licensee informed the NRC that the reactor fuel had been permanently 
removed from Units 3 and 2, respectively.  The licensee submitted its PSDAR on 
September 23, 2014, (ML14269A033).  In response to the licensee’s amendment request, the 
NRC issued the Permanently Defueled Technical Specifications on July 17, 2015, (ML15139A390) 
along with revised facility operating licenses to reflect the permanent cessation of operations at 
SONGS Units 2 and 3.   
 
On March 11, 2016, (ML16055A522) the NRC issued two revised facility operating licenses for 
SONGS Units 2 and 3, in response to the licensee’s amendment request dated August 20, 2015, 
(ML15236A018).  The license amendment allowed for the licensee to revise its Updated Final 
Safety Analysis Report (UFSAR) to reflect the significant reduction of decay heat loads in the 
SONGS Units 2 and 3 spent fuel pools (SFPs) resulting from the elapsed time since the permanent 
shutdown of the units in 2012.  The revisions support design basis changes made by the licensee 
associated with the implementation of “cold and dark” plant status as described in the PSDAR. 
 
The NRC approved exemptions from certain emergency planning requirements in 
10 CFR 50.47(b), 10 CFR 50.47(c)(2) and 10 CFR Part 50, Appendix E, Section IV, which 
became effective on June 4, 2015, (ML15082A204).  The licensee submitted a license 
amendment request dated December 15, 2016, (ML16355A015) to revise the Permanently 
Defueled Emergency Plan (PDEP) into an Independent Spent Fuel Storage Installation (ISFSI)-
Only Emergency Plan, and to revise the Emergency Action Level (EAL) scheme into an ISFSI-
only EAL for the SONGS Units 1, 2, and 3.  The proposed changes were submitted to the NRC 
for approval prior to implementation, as required under 10 CFR 50.54(q)(4) and 10 CFR 
72.44(f).  The license amendment request is under review by the NRC’s Office of Nuclear 
Security and Incident Response. 
 
The spent fuel was being safely stored in the two spent fuel pools.  The licensee had completed 
the installation of the 12-kilovolt, non-safety and seismic Category III, electrical ring bus and 
associated equipment that will facilitate decommissioning of various plant systems.  The 
excavation and removal of soil from the southern portion of the electrical switchyard to support 
the San Diego Gas and Electric synchronous condenser was being conducted during the on-site 
inspection.  In addition, the licensee was constructing the independent spent fuel storage 
installation expansion and the new security building, which is inspected by the regional NRC 
office under separate programs.   
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1 Decommissioning Performance (71801) 
 
1.1 Inspection Scope 
 

The inspector evaluated whether the licensee and its contracted workforce were 
conducting decommissioning activities in accordance with the license and regulatory 
requirements. 

 
1.2 Observations and Findings 
 

The licensee notified the NRC by letter dated March 3, 2015, (ML15071A018) of its 
proposed plans to construct the San Diego Gas and Electric synchronous condenser in 
the southern portion of the electrical switchyard to compensate for the elimination of 
SONGS power generation.  Since that time, the licensee had performed a radiological 
characterization survey and collected the NRC split soil samples in the switchyard for 
confirmatory measurements.  The results from those surveys and analyses were 
documented in previous inspection reports issued between July 2015 and October 2016.  
The survey results demonstrated that the underlying soil was not radioactively 
contaminated at detectable levels. 
 
The NRC had previously reviewed the licensee’s “Material Release Work Plan” for the 
excavation and soil release project and concluded it was acceptable as documented in a 
previous inspection report dated December 16, 2015, (ML15350A205).  The inspector 
determined that the licensee was implementing radiological surveys and sampling of the 
excavated soils in accordance with the “Material Release Work Plan” and licensee 
Procedures, SO123-VII 20.9.2, “Material Release Surveys” and SO123-VII-20.9.3, 
“Surveys for Release of Liquids, Sludges, Slurries, and Sands.”  The inspector reviewed 
the licensee’s scanning results and soil sample analysis results of the excavated areas 
and soldier pile wall.  The instruments reviewed were Ludlum 2350-1 ratemeters (serial 
numbers 201179, 246975, and 192610) that were calibrated to a National Institute for 
Standards and Technology (NIST) traceable source (cesium-137) on an annual basis by 
Safety and Ecology Corporation, a State of Tennessee licensee.  In addition, the ratemeter 
instruments used a 2x2 sodium iodide (NaI) detector, which was calibrated with the 
corresponding ratemeter.  The calibration verified reproducibility over a multi-point scale.  
The soil samples were analyzed by GEL Laboratories, which is the vendor that also 
performed the quality-related environmental analysis for the licensee’s Radiological 
Environmental Monitoring Program (REMP).  The licensee’s survey and soil sample 
analysis results demonstrated that the excavated soils in the southern portion of the 
switchyard met the unrestricted use criteria established under 10 CFR 20.1402. 
 
In addition to scanning and soil sample analyses performed by the licensee, composite 
soil samples were analyzed by NRC’s contract laboratory for verification.  The composite 
soil samples were provided through chain-of-custody to the NRC’s contractor laboratory, 
Oak Ridge Associated Universities (ORAU) for analysis.  The samples were analyzed by 
gamma spectroscopy for the radionuclides of concern, which were cobalt-60 (Co-60) and 
cesium-137 (Cs-137).  The sample results were reported in pico-Curies per gram (pCi/g) 
and are summarized in the table below, with the corresponding ADAMS accession 
number for the respective ORAU report. 
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Soil 
Sample 

Sample 
Description 

 

Results (pCi/g) 
Collection Date Report Date 

ADAMS 
Accession No.Co-60 Cs-137 

1* Nail Wall 00001 < 0.034 < 0.028 December 7, 2016 January 12, 2017 ML17012A407

2* Nail Wall 00002 < 0.033 < 0.030 January 5, 2017 February 1, 2017 ML17038A437

3 Nail Wall 00003 0.004 < 0.036 January 26, 2017 March 2, 2017 ML17079A355

4 Nail Wall 00004 0.027 < 0.035 February 15, 2017 March 20, 2017 ML17079A344

5 Nail Wall 00006 < 0.033 0.002 March 21, 2017 April 10, 2017 ML17100B158

6 
Soldier Pile Wall 

00007 
< 0.036 < 0.031 April 4, 2017 May 15, 2017 ML17135A420

7 Nail Wall 00005 < 0.034 < 0.028 March 30, 2017 May 15, 2017 ML17135A420

8 
Cast in place 
wall 00008 

< 0.038 < 0.040 March 30, 2017 May 15, 2017 ML17135A420

9 
Dead end Strct 

00009 
< 0.044 < 0.038 April 25, 2017 May 15, 2017 ML17135A421

10 
Dead end Strct 

000010 
< 0.032 < 0.027 April 26, 2017 May 15, 2017 ML17135A421

* previously documented in inspection report (2017-001) 
 
The licensee had excavated approximately 23,943 cubic yards of soil from the switchyard 
location where the Synchronous Condenser was planned to be constructed.  Based on the 
surveys and soil sample analysis results, the excavated soil was unconditionally released 
from the licensee in accordance with the licensee’s Procedures SO123-VII-20.9.2, “Material 
Release Surveys” and SO123-VII-20.9.3, “Surveys for Release of Liquids, Sludges, 
Slurries, and Sands” and the Radiological Characterization Plan. 
 
The licensee continued to store liquids in tanks at the site until a processing skid is 
obtained and placed in service to allow more routine processing as specified in the UFSAR, 
Section 11.1.  The licensee was implementing the liquid waste system as specified in the 
UFSAR by collecting any liquid waste that was generated since the plant shutdown.  
Operations tracked the amount of liquids being held in the tanks and could move water to 
different storage tanks and processing paths, as needed.  The UFSAR specified the 
following liquid waste tanks and each one’s capacity.  The licensee provided the current 
percent (%) capacity of each tank.   
 

Component Identifier 
Capacity 
(gallons) 

Indicator Location Percent Capacity (%) 
2-Feb-17 9-May-17 

Chemical Waste Tank T-064 25,000 CDAS 85 70 

Radwaste Primary Tank T-065 60,000 RW Control Room 86 87 

Radwaste Primary Tank T-066 60,000 RW Control Room 83 83 

Radwaste Primary Tank T-067 60,000 RW Control Room 87 87 

Radwaste Primary Tank T-068 60,000 RW Control Room 0 0 

Miscellaneous Wastes 
Evaporator Condensate 

Monitor Tank 
T-075 25,000 RW Control Room 23 23 

Miscellaneous Wastes 
Evaporator Condensate 

Monitor Tank 
T-076 25,000 RW Control Room 24 86 

 



 

 
7 

The inspector reviewed the coordination study for LDC02 essential load center feeding 
the U2 spent fuel cooling island.  The inspector reviewed calculation 480V Load Center 
Breaker Coordination & Settings Calculation (152219-C-E-0009) and calculation 
change notice (CCN01) regarding the breaker overcurrent relay settings for adequate 
margin and breaker coordination.  The inspector determined that all inputs and 
assumptions were reasonable and the breaker overcurrent relays performed as 
designed.   
 

1.3 Conclusion 
 

The licensee had initiated excavation activities in the southern portion of the switchyard 
and construction of the soil nail wall in support of the synchronous condenser construction.  
The licensee’s survey results and the NRC composite soil sample confirmatory data 
indicated that the excavated soil was indistinguishable from background radiological levels 
and therefore met the unrestricted use criteria established under 10 CFR 20.1402.  Based 
on the survey results, the excavated soil was unconditionally released from the site.  The 
inspector concluded that the licensee was monitoring and maintaining liquids at the site in 
accordance with the UFSAR. 
 

2 Spent Fuel Pool Safety (60801) 

2.1 Inspection Scope 
 

The inspector conducted a review of the spent fuel pools for SONGS Units 2 and 3, 
specifically the pool water level, chemistry, and associated cooling systems to ensure 
that the licensee was maintaining the two pools in accordance with technical 
specifications and procedural requirements. 
 

2.2 Observations and Findings 
 

Technical Specifications 3.1.1 and 3.1.2 requires the spent fuel pool water level be 
maintained greater than or equal to 23 feet over the top of the irradiated fuel assemblies 
seated in storage racks, and the spent fuel pool boron concentration be maintained 
greater than or equal to 2,000 parts per million (ppm), respectively.  In addition, SONGS 
UFSAR, Section 9.1.2.3, Safety Evaluation required the spent fuel pool coolant 
temperature be maintained between 50°Fahrenheit (°F) to 160°F.   
 
The SONGS Units 2 and 3 spent fuel pools were approximately 27 feet above the top of 
the irradiated fuel assemblies, based on the licensee’s surveillance performed on May 7, 
2017.  The licensee indicated that the new spent fuel pool cooling system was holding 
the temperature of the spent fuel pools in steady temperature conditions.  The Unit 2 and 
3 spent fuel pools were approximately 68°F, which was within the range specified in the 
UFSAR.   
 
The inspector reviewed the spent fuel pool surveillances performed in accordance with 
licensee Procedure SO123-III-1.23, “Chemical Control of SONGS Plant System,” 
Revision 68.  The boron parameter in the spent fuel pools was required to be analyzed 
weekly to verify the boron concentration.  The Unit 2 spent fuel pool boron concentration 
was 2,730 parts per million (ppm) and Unit 3 spent fuel pool concentration was 
2,723 ppm, based on the last weekly sample analyzed on May 3, 2017.  The inspector 
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reviewed the surveillance history since the last inspection and the surveillances were 
completed as required and the results were not below the technical specifications 
requirement. 
 
The gamma activity in both spent fuel pools continued to increase slightly, as noted in 
previous inspections.  The activity in Unit 2 was approximately 2.6 E-3 microCurie per 
milliliter (uCi/ml) and Unit 3 activity was approximately 1.04E-3 uCi/ml.  The licensee 
was monitoring for any trends and had not identified any upward trend of other spent 
fuel pool parameters.  The gamma dose rate in the area around the pool continued to 
remain low, as indicated by the local area radiation monitor, Ludlum Model 375, which 
indicated 0.0 milliRoentgen per hour (mR/hr).  The annual calibration was due on 
December 21, 2017.  In the areas toured, the licensee had implemented radiation 
protection controls, including postings and labeling that were in compliance with 
regulatory and procedure requirements.  The inspector also observed the status of 
boundaries, postings, and labeling to ensure compliance with regulatory and procedural 
requirements. 
 

2.3 Conclusion 

The SONGS Units 2 and 3 spent fuel pools were being maintained in accordance with 
technical specifications and procedural requirements.  The licensee was safely storing 
spent fuel in wet storage. 

 
3 Radioactive Waste Treatment, Effluent, and Environmental Monitoring (84750) 

3.1 Inspection Scope 
 

The inspector reviewed the licensee’s radioactive effluent release report to verify that the 
program was implemented consistent with the licensee’s technical specifications and 
Offsite Dose Calculation Manual (ODCM) requirements.   

 
3.2 Observations and Findings 

Technical Specifications Section 5.5.2 for the two licenses, require the licensee to establish, 
implement, and maintain the ODCM.  The ODCM provides detailed guidance for monitoring 
and controlling liquid and gaseous effluents, as well as calculating offsite doses.  In addition, 
Technical Specifications Section 5.7.1 requires the licensee to submit annual radiological 
environmental and radioactive effluent release reports to the NRC.  The 2016 annual 
radiological environmental operating report was submitted on May 11, 2016, 
(ML17135A360) therefore it was not reviewed as part of this inspection.  The 2016 annual 
radioactive effluent release report was submitted on April 25, 2017, (ML17121A421) 
therefore it was reviewed as part of this inspection.   
 

a. Effluent Monitoring 

The annual radioactive effluent release report documented the gaseous and liquid 
effluents for 2016, as well as radioactive waste shipments.  The inspector reviewed the 
annual report and selected data used in the development of the report and compared the 
information provided against the requirements in the ODCM.   
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The licensee monitored gaseous effluents based on fission gases, iodines, particulates, 
and tritium.  The radioactive gaseous release permits for Units 2 and 3 identified tritium, 
except for one particulate in the third quarter that identified 5.11E-06 curies of cesium-137.  
There were no fission gases, iodines, or noble gases detected.  The resultant quarterly 
doses at the site boundary were calculated in accordance with the ODCM and were 
significantly less than 1 mrem.  The annual calculated dose for airborne effluents 
was 8.83E-3 mrem. 
 
The licensee monitored releases of fission and activation products, tritium, dissolved and 
entrained gases, and gross alpha radioactivity in the liquid effluents.  All releases in 2016 
were less than 0.01-percent of the applicable effluent concentration limit, and tritium was 
the only measurable constituent.  The licensee calculated the quarterly doses at the site 
boundary in accordance with the ODCM and the results were significantly less than 
1 mrem.  The annual calculated dose from liquid effluents for the whole body was 
1.50E-4 mrem and for the organs the dose was 2.42E-4 mrem. 
 
The inspector observed a routine chemistry surveillance of the plant vent stack 
monitors 2/3RT-7808 and 2RT-7865.  The inspector observed good use of licensee 
Procedure SO123-III-5.4.23, “Chemistry Procedure,” Revision 13, Attachment 2, for 
completing the sample preparation, sample collection, and restoring the monitor to 
service.  The chemistry technician used good radiological protection techniques to ensure 
the samples were not mishandled or contaminated.  The final gamma analysis results for 
the charcoal, particulate filter, and gas sample were all less than minimum detectable for 
the measuring equipment.   
 

b. ODCM Maximum Setpoint 
 

The licensee had calculated new ODCM liquid effluent maximum setpoint value for 
2/3RE2101, North Industrial Area Radiation Monitor, and issued a transmittal letter on 
August 3, 2016.  However, as a result of monitors being taken out of service during the cold 
and dark modifications, the revised ODCM maximum setpoint value of 1.33E-05 uCi/cc was 
not updated to 2/3RE2101 (North Industrial Area Radiation Monitor) when the monitor was 
returned to service.  This was identified during a surveillance of 2/3RE2101 conducted on 
November 12, 2016, when the licensee identified the monitor’s as-found ODCM maximum 
setpoint value was 1.38E-5 uCi/cc.  The licensee initiated a corrective action 
(NN# 203399258) and corrected the ODCM maximum setpoint value to reflect 
1.33E-5 uCi/cc.  In addition, the licensee performed a low level event investigation for this 
incident. 
 
The corrective actions entailed evaluating the event log for the liquid effluent monitor 
2/3RE2101, which indicated there was no release that exceeded the concentrations 
specified in 10 CFR Part 20, Appendix B, Table II, Column 2 for radionuclides.  In addition, 
the licensee changed several instructions and procedures.  These changes included 
Maintenance identifying the as-found setpoints for any effluent radiation monitors, such as 
during a channel functional surveillance test, and to check/adjust the values to ensure it 
corresponded to the latest ODCM maximum setpoint value.  In addition, Operations 
procedure was updated to verify the setpoint values prior to returning any radiological 
effluent monitor back into service. 
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The inspector further questioned the methodology used for transmitting the ODCM 
maximum setpoint values, which was performed by email when there were reduced 
number of staff at the facility.  The licensee decided to use the action request system 
when new ODCM maximum setpoints were required to be updated to the 
radiological effluent monitors.  The licensee initiated AR number 0517-18452 to modify 
Procedure SO123-III-5.8 , “Using the Gamma Spectroscopy Computer, Liquid and 
Gaseous Effluent Dose Determinations and Manual Effluent Release Permits and 
Setpoint Calculations” to generate an action request for Maintenance to install new 
setpoint values for the respective radiological effluent monitors. 
 
The inspector agreed with the licensee’s conclusion that there was not a potential for a 
discharge above the effluent ODCM maximum setpoint value because the pump trip 
value for the effluent radiation monitor 2/3RE2101 was set to 5.00E-6 uCi/cc, which is 
below the ODCM maximum setpoint value of 1.33E-5 uCi/cc.  As a result, the pump 
would have tripped and prevented any instantaneous effluent release in excess of 
Technical Specifications 5.5.2, and therefore the licensee would not exceed the 
concentrations specified in 10 CFR Part 20, Appendix B, Table II, Column 2 for 
radionuclides.   
 

c. Shipment 
 

The licensee made one shipment in 2016 to EnergySolutions, LLC, Bear Creek Facility 
in Tennessee for processing waste.  The shipment consisted of one general design 
Sealand container with dry active waste and two drums of Non-RCRA (Resource 
Conservation and Recovery Act) waste oil.  The package was shipped as LSA-II.  The 
inspector reviewed the shipping papers and determined the documents adequately met 
the requirements under 10 CFR Part 172, Subpart C.  In addition, the inspector reviewed 
the hazmat training for the shipper and concluded the training was performed as 
required by 49 CFR 172.704.   
 

3.3 Conclusions 

The licensee maintained effluent monitoring and control systems as required.  The 
effluent flow paths and monitoring systems reviewed aligned with descriptions in the 
ODCM and were calibrated, functional, and the alarm setpoints met regulatory 
requirements.  The licensee’s effluent monitoring program was being conducted in 
accordance with the appropriate regulatory requirements as prescribed by the SONGS 
ODCM. 
 

4 Occupational Radiation Exposure (83750)  

4.1 Inspection Scope 
 

The inspector evaluated the licensee’s implementation of its occupational radiation 
safety program. 
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4.2 Observations and Findings 

The licensee implemented its radiological survey program in accordance with licensee 
Procedure SO123-VII-20.9, “Radiological Surveys,” Revision 24.  The inspector 
reviewed the required annual, quarterly, and monthly survey areas and determined that 
the frequency of surveys for the respective areas were reasonable to evaluate the 
radiological conditions of the facility, and therefore in compliance with 10 CFR 20.1501, 
“Surveys and Monitoring.”  The inspector reviewed surveys for Units 2 and 3 Fuel 
Handling Buildings, elevation 63-foot, that were performed between January and May 
2017.  The surveys were performed and documented on the frequency required by the 
procedure.  The surveys were legible and clearly provided the radiological conditions of 
the area. 
 
The licensee was implementing its “As Low As is Reasonably Achievable” ALARA 
program in accordance with Procedure SO123-XV-85, “SONGS Station ALARA 
Committee,” Revision 6.  The inspector reviewed the ALARA Committee Meeting 
minutes for December 19, 2016, March 1, 2017 and observed the meeting that was 
conducted on May 10, 2017.   
 
During the December 19, 2016 meeting, the committee agreed to align the station’s 
procedures to reflect the Nuclear Energy Institute’s (NEI) Efficiency Bulletin 16-03, 
“Align Personnel Contamination Event Response to Industry Guidance.”  This NEI 
Efficiency Bulletin reflects Electric Power Research Institute’s (EPRI’s) guidelines for 
personnel contamination event response in EPRI 1011740, which recommends to track 
Level 1 personnel contamination events (PCE), but not restrict the individual from the 
radiologically controlled area and not to perform additional remediation, nor detailed 
investigation under the licensee’s corrective action program.  A Level 1 personnel 
contamination is the lowest level of PCE, which is >1000 disintegrations per minute 
(dpm) and < 50,000 dpm.  However, for higher level PCEs and events resulting from 
multiple Level 1 PCEs, then appropriate investigation would be performed under the 
licensee’s corrective action program.  While NRC has not endorsed EPRI 1011740, 
several licensees have implemented this industry initiative. 
 
The ALARA Committee approved two project dose goals during the March 1, 2017, 
meeting.  One of the projects entailed moving a loaded filter cask from the Unit 2 Fuel 
Handling Building to the multi-purpose handling facility (MPHF) for storage with a dose 
goal of 20 milli-rem (mrem).  The second project involved the initial preparations for 
moving fuel to the ISFSI pad.  These initial preparations covered the inspections of the 
fuel handling building crane, fuel handling equipment, Tri-nuke filter equipment, 
scaffolding and some decontamination activities.  The proposed dose goal was 30 mrem.  
 
The inspector observed the ALARA Committee meeting conducted on May 10, 2017, 
which covered the project proposal for all aspects of the pre-operational testing and 
demonstrations for the planned Holtec ISFSI.  The inspector observed the committee 
members had a good questioning attitude, which allowed for a thorough discussion 
regarding the proposed dose analysis, which resulted in greater specificity for each 
activity and corresponding dose.  Based on the discussion, the proposal wasn’t 
approved and was scheduled to be brought back to the committee at a later date. 
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4.3 Conclusions 

The licensee effectively implemented its ALARA program in accordance with procedures 
and regulatory requirements.  The licensee demonstrated initiatives to implement 
methods and practices to maintain doses ALARA.  Based on a review of the dose history, 
ALARA 2016 Annual Report, and ALARA committee meeting reports, the inspector 
concluded that issues, events, or problems were identified and resolved to preclude 
possible issues in the area of radiological controls.  The licensee was adequately 
implementing its radiological survey program in accordance with 10 CFR 20.1501. 
 

5 Training and Qualification Effectiveness (41500)  
 
5.1 Inspection Scope 
 

The inspector evaluated the training and qualification programs to verify the licensee 
was implementing, evaluating, documenting, and maintaining the Certified Fuel Handler 
and Radiation Protection programs as required by 10 CFR 50.120 and 10 CFR 55.5. 
 

5.2 Observations and Findings 

a. Operations SM/CFH Training Program 

On August 1, 2014, Technical Specifications Section 5.3.2 was amended to require 
the licensee to maintain an NRC approved training and retraining program for the 
Certified Fuel Handlers (ML13268A165).  The licensee’s Shift Manager and Certified 
Fuel Handlers (SM/CFH) training program was developed as specified under 
10 CFR 50.120(b)(2), “Training and Qualification of Nuclear Power Plant Personnel,” to 
include all five of the required elements of a systematic approach to training (SAT) as 
defined under 10 CFR 55.4.  The five elements included:  1) systematic analysis of jobs 
to be performed, 2) learning objectives, 3) training designed and implemented based on 
the objectives developed, 4) evaluation of the trainee mastery of the objectives during 
training, and 5) evaluation and revision of the training based on the performance of 
trained personnel in the job setting.  The technical specification was approved by the 
NRC based on the licensee’s description of the program in Procedures SO23-XXI-TPD-
SMCFH, “Shift Manager/Certified Fuel Handler Training Program Description (TPD),” 
Revision 7 and SO23-XXI-TRN, “Conduct of Training,” Revision 8, which implemented 
the SAT methodology for SM/CFH.   
  
The licensee’s Nuclear Oversight performed a Maintenance, Modification, and Training 
audit (SCES-007-16) that was issued by letter dated November 8, 2016.  The purpose of 
the audit was to verify the licensee’s maintenance, modifications and training programs 
were in compliance with SONGS Decommissioning Quality Assurance Program (DQAP) 
and committed regulatory requirements.  The licensee’s audit team identified several 
deficiencies in the SM/CFH training program, including the failure to perform routine 
audits, the failure to update the training program when changes were made to the training 
schedule and materials presented, and the failure to suspend a CFH from duty when a 
quarterly training cycle was not completed for greater than 90-days and subsequently 
allowed the individual to stand watch on two different shifts.   
  
The NRC evaluated the licensee’s audit report and determined that the licensee’s failure 
to maintain the Certified Fuel Handler training program was a violation of Technical 
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Specifications, Section 5.3.2, which states in part, that the licensee shall maintain an 
NRC approved training and retraining program for Certified Fuel Handlers.  Licensee 
Procedure SO23-XXI-TPD-SMCFH, Section 6.6.6 requires in part, that a program audit 
report be completed after each session of training within the biennial cycle and after 
each biennial examination; Section 6.6.2 states in part, that if the required training is not 
completed within 90-days of the training, then the SM/CFH shall be suspended from duty 
pending completion of training; and licensee Procedure SO23-XXI-TRN, Section 6.7 
requires in part, that the training is to include current and relevant content.   
  
Contrary to the above, during the biennial training period 2015 through 2016, the licensee 
failed to maintain the Certified Fuel Handler training program in accordance with Technical 
Specifications 5.3.2.   Specifically, the licensee identified the following examples during the 
SCES-007-16 audit, in which the training program was not implemented in accordance 
with the NRC approved Certified Fuel Handler training program.   
 
 Routine audits of the program were not completed during the 2015 and 2016 

Two-Year Schedule as required by licensee’s Procedure SO23-XXI-TPD-SMCFH, 
Section 6.6.6, which satisfied the program evaluation requirements under 
10 CFR 50.120(b)(3) as summarized in elements (3) and (4) of the systematic 
approach to training as defined in 10 CFR 55.4. 
 

 A CFH was not suspended after 7/23/16, when the individual failed to complete 
the retraining within the 90-day makeup period, after missing the quarterly training 
cycle RQ1601 that ended on 4/24/16.  The CFH subsequently stood watch on two 
shifts, August 5, 2016 and August 6, 2016, during the time of missed training.  The 
licensee’s Procedure SO23-XXI-TPD-SMCFH, Section 6.6.2 states in part, that 
any missed material or examination, such as the quarterly cycle under the 
SM/CFH retraining program, must be made up within 90-days of the training.  If 
the required training is not completed within the makeup period, then the SM/CFH 
shall be suspended from duty pending completion of training. 
 

 Changes were made to the training schedule and material presented during the 
2015 and 2016 cycle that were not updated in the training program as required by 
Procedure SO23-XXI-TRN, “Conduct of Training,” Revision 8, Section 6.7.  The 
systematic approach to training that was approved by the NRC specified that the 
training should reflect changes in the facility, procedures, regulations, and quality 
assurance requirements, and the changes shall be incorporated into the training 
program.   

 
Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it should 
be assigned a severity level that is commensurate with its safety significance and 
informed by similar violations addressed in the Violation Examples.  This violation was 
evaluated to be a Severity Level IV violation using Section 6.3.d of the NRC 
Enforcement Policy, dated November 1, 2016, regarding the failure to implement 
procedures, which has a low safety significance.  Based on the inspector’s review of the 
Nuclear Oversight audit and the training material provided during 2015 to the present, as 
well as through interviews and observations, the NRC concluded that the SM/CFH staff 
were adequately trained in providing safe handling and storage of spent  
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fuel, conducting and overseeing decommissioning activities, and providing appropriate 
response to emergencies based on the conditions of the plant.   
 
Upon identification, the licensee entered the issue into its corrective action program 
(NN# 203389511).  In addition, the licensee initiated a Low Level Event Investigation 
under (NN# 203387022) to evaluate the SM/CFH who stood watch without completing 
the cycle training within 90-day period as required by licensee Procedure SO23-XXI-
TPD-SMCFH.  The licensee identified that 3 additional Operations personnel qualified 
as SM/CFH and Emergency Director were on duty in the command center during the 
two shifts, in which one of the individuals did not have any conflicting duties.  The 
licensee performed a cause evaluation of these self-identified issues and developed a 
corrective action matrix.  The inspector concluded that the licensee performed a 
thorough evaluation and developed corrective actions pertinent to the incident.   
  
Since the licensee placed the deficiency into its corrective action program, the 
safety significance of the issue was determined to be low, and because the violation 
was not willful or repetitive, this violation was treated as a non-cited violation (NCV), 
consistent with Section 2.3.2.a of the Enforcement Policy 
(NCV 05000361/2017002 01/05000362/2017002-01; Failure to Maintain a CFH Training 
Program).  
  
The inspector reviewed the Two-Year Schedule - Operations Continuing Training plans 
for 2015-2016 and 2017-2018.  Based on review of the training plans and discussions 
with the Operations training staff, the inspector concluded that the training courses 
described in licensee’s Procedure SO23-XXI-TPD-SMCFH, “Shift Manager/Certified 
Fuel Handler Training Program Description (TPD),” Revision 7 for continuing training 
were completed as specified by the procedure.  In addition, the training plans scheduled 
for 2017 and 2018 were captured at the frequency specified by the procedure. 
  
The inspector reviewed several training plans including the new ring bus distribution 
(CDDIST).  The training plan was developed for the ring bus components that were 
installed as part of the cold and dark modification package.  Based on the training plans 
reviewed, the inspector determined that the training plans were designed to implement 
the identified learning objectives for each plan.  For example, the CDDIST training plan 
had a terminology list and provided adequate discussion of the equipment with sufficient 
pictures to support the lesson.  The inspector observed one of the CFH demonstrating a 
routine walk down of the fuel handling building.  The CFH was knowledgeable of the 
spent fuel pool islanding equipment, the specific pumps, and the system piping, and the 
makeup water system.  Overall, the inspector concluded that the licensee was 
implementing its NRC approved CFH training program consistent with the SAT process.   
  
The licensee had 24 staff trained and qualified under the SM/CFH training program, which 
included 4 staff not assigned to a rotating shift.  In addition, there was one individual out 
on sick leave with expired qualifications, and a second individual going through the initial 
SM/CFH training program, who were not captured in the 24 count.  The licensee 
maintained a spreadsheet of the required qualifications for each SM/CFH staff.  The one-
page spreadsheet easily depicted each individual’s qualifications, the areas pending 
expiration in less than 60 days, and the areas with expired qualifications.  As mentioned 
earlier, only one CFH had expired qualifications due to sick leave.  The inspector reviewed 
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several CFH’s individual training records and concluded that the spreadsheet accurately 
reflected the training records. 
 

b. Radiation Protection Training Program 

The inspector reviewed the radiation protection training program as described in 
licensee Procedure SO123-XXI-TPD-RP, “Radiation Protection Personnel Training 
Program Description,” Revision 1 and SO23-XXI-TRN, Conduct of Training, 
Attachment 2, Radiation Protection Task List, dated November 2, 2015.  The inspector 
determined that the training plan was sufficient to address the criteria for initial 
requirements as a radiation protection technician.  All of the radiation protection 
technicians had lifetime qualifications and therefore received an annual proficiency 
guideline training as required by the procedure.  During 2016, the licensee provided 
radioisotopic analysis training to the RP Technicians as part of the continuing 
proficiency training. 
 
The licensee updated the radiation protection training program to reflect changes in the 
facility and to incorporate new activities, such as collecting samples for radioisotopic 
analysis and performing subsequent dose assessment calculations based on the 
chemistry analysis.   
 

5.3 Conclusions 
 
The NRC determined that one Severity Level IV NCV of Technical Specifications, 
Section 5.3.2, occurred based on the licensee’s identification of the failure to maintain an 
NRC approved training and retraining program for Certified Fuel Handlers.  The licensee 
was implementing its Radiation Protection Training program in accordance with its 
procedures and regulatory requirements. 
 

6 Exit Meeting Summary   
 
On May 11, 2017, the NRC inspector presented the final inspection results to 
Mr. T. Palmisano, Vice President and Chief Nuclear Officer, and other members of the 
licensee’s staff.  The inspector asked the licensee whether any materials examined 
during the inspection should be considered proprietary.  No proprietary information was 
identified. 



 

Attachment 

SUPPLEMENTAL INSPECTION INFORMATION 
 

KEY POINTS OF CONTACT 
 
Licensee Personnel 
 
C.Ahola, Radiation Protection Manager 
J.Davis Operations Manager 
B.Metz, Environmental Manager 
J.Peattie, Nuclear Oversight 
M.Reitzler, Maintenance/Work Control 
M.Shackelford, Training Manager 
S.Vaughan, Project Manager 
J.Appel, Regulatory Affairs 
 

INSPECTION PROCEDURES USED 
 

IP 71801 Decommissioning Performance and Status Review at Permanently Shutdown 
Reactors 

IP 60801 Spent Fuel Pool Safety at Permanently Shutdown Reactors 
IP 84750 Radioactive Waste Treatment, Effluent, and Environmental Monitoring 
IP 83750 Occupational Radiation Exposure 
IP 41500 Training and Qualification Effectiveness 
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May 22, 2017 
 
 
Mr. Thomas J. Palmisano 
  Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 
SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION – NRC INSPECTION 

REPORT 05000206/2016004, 05000361/2016004, 05000362/2016004, AND 
07200041/2016002  

 
 
Dear Mr. Palmisano: 
 
This letter refers to the U.S. Nuclear Regulatory Commission’s (NRC) inspections conducted at 
your San Onofre Nuclear Generating Station (SONGS), Units 1, 2 and 3, and the Independent 
Spent Fuel Storage Installation (ISFSI) facilities on July 5-7, 2016, August 29-30, 2016, 
October 10-12, 2016, and April 10-11, 2017.  The enclosed inspection report documents the 
inspection results that were discussed with Mr. Lou Bosch, Plant Manager, and other members 
of your staff at a debrief meeting conducted on April 11, 2017, when the inspectors were on-site.  
A final exit meeting was conducted on May 18, 2017 with licensing and engineering staff after 
the NRC inspectors received the laboratory 28-day concrete compressive strength and density 
results for the first section of the ISFSI top pad.     
 
The purpose of the inspections were to verify compliance with the with the requirements 
specified in the Holtec International HI-STORM UMAX Canister Storage Systems Certificate of 
Compliance (CoC) 1040 Technical Specifications, the Final Safety Analysis Report (FSAR), and 
regulations in Title 10 of the Code of Federal Regulations (CFR) Parts 20, 50, and 72.  The 
inspection included an examination of activities conducted under your license as they relate to 
public health and safety.  Within these areas, the inspection included a review of the ISFSI 
foundation subgrade, concrete mix design, inspection of the concrete batch plant, inspection of 
concrete forms, placement of the reinforcing steel, observations of concrete mixing, delivery, 
sampling, and placement for selected activities associated with the construction of the UMAX 
ISFSI.  The inspection determined that SONGS’s UMAX ISFSI construction was performed in 
compliance with the requirements of the Holtec CoC, FSAR, and the requirements and 
standards established by the American Concrete Institute (ACI) and the American Society for 
Testing and Materials (ASTM), as required by your general license with one exception.   
 
Based on the results of this inspection, the NRC has determined that one Severity Level IV 
violation of NRC requirements occurred.  The violation related to the licensee’s failure to follow a 
procedure requirement to test the density of the Important to safety (ITS) grout that was placed 
under the Cavity Enclosure Containers.  Because SONGS placed the issue into their corrective 
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action process, demonstrated the grout met the required density, the violation was non-repetitive, 
and the violation was not willful, the violation was treated as a Non-Cited Violation (NCV), 
consistent with Section 2.3.2 of the Enforcement Policy.  The NCV is described in the subject 
inspection report.  If you contest the violation or significance of the NCV, you should provide a 
response within 30 days of the date of this inspection report, with the basis for your denial, to the 
Nuclear Regulatory Commission, ATTN:  Document Control Desk, Washington DC  20555-0001, 
with copies to:  (1) the Regional Administrator, Region IV and (2) the Director, Office of 
Enforcement, United States Nuclear Regulatory Commission, Washington, DC  20555-0001.   
 
In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice,” a copy of this letter, 
its enclosure, and your response, if you choose to provide one, will be made available 
electronically for public inspection in the NRC Public Document Room or from the NRC’s 
Agencywide Documents Access and Management System (ADAMS), accessible from the NRC 
Web site at http://www.nrc.gov/reading-rm/adams.html.  To the extent possible, your response 
should not include any personal privacy or proprietary information so that it can be made 
available to the Public without redaction. 
 
Should you have any questions concerning this inspection, please contact the undersigned at 
817-200-1191 or Mr. Lee Brookhart at 817-200-1549. 

 
Sincerely, 

 
/RA/ 

 
 

Ray L. Kellar, P.E., Chief 
Fuel Cycle and Decommissioning Branch  
Division of Nuclear Materials Safety 
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EXECUTIVE SUMMARY 
 

San Onofre Nuclear Generating Station (SONGS) 
NRC Inspection Report 05000206/2016004, 05000361/2016004,  

05000362/2016004, AND 07200041/2016002 
 

The U.S. Nuclear Regulatory Commission (NRC) conducted an inspection of the construction 
activities associated with SONGS’s Holtec HI-STORM UMAX facility.  SONGS’s Independent 
Spent Fuel Storage Installation (ISFSI) includes the previously existing Advanced NUHOMS 
Horizontal Modular Storage System and the new Holtec HI-STORM UMAX Canister Storage 
System and are licensed under a general ISFSI license from the NRC.  The licensee had 
elected to use the Holtec HI-STORM UMAX Canister Storage System, Certificate of Compliance 
(CoC) 1040 Amendment 2 (ML16341B100) and Final Safety Analysis Report (FSAR), 
Revision 3 (ML16193A339).  The multi-purpose canisters (MPC-37) are designed to hold 
37 spent fuel assemblies and will be used in the UMAX ISFSI.  The UMAX constructed at 
SONGS has been designed to hold 75 spent fuel storage canisters.     
 
The HI-STORM UMAX stores sealed MPCs containing spent fuel using an in-ground Vertical 
Ventilated Module (VVM).  The UMAX VVM provides structural protection, cooling, and 
radiological shielding for the MPCs.  The VVM consists of five primary components.  The 
Support Foundation Pad (SFP) (a reinforced pad that serves as the bottom of the VVM), the 
Cavity Enclosure Containers (CECs) (the stainless steel enclosures that contain one MPC 
each), the Self-hardening Engineered Subgrade (SES) (the middle section surrounding the 
CECs), the ISFSI top pad (reinforced pad that provides shielding and a riding surface for the 
cask transporter), and the closure lid (which serves as the CEC lid and supplies the ventilation 
to the sealed canister).   
 
The SFP is a reinforced concrete pad that is approximately 2,500 square feet and 33 inches in 
depth.  On top of the SFP, 75 CECs were placed that are approximately 20 feet tall with an 
inside diameter of approximately 8 feet.  The SES middle lateral space between each CEC was 
filled in with concrete that had a minimum compressive strength of 3,000 pounds per square 
inch (psi).  The ISFSI top pad is a reinforced concrete pad with the same length and width 
dimensions as the SFP but with an approximate depth of 30 inches.  The closure lids will be 
placed on each CEC once a sealed (welded) MPC has been placed inside.   
 
The SFP was constructed in six sections.  NRC inspectors observed the first section’s concrete 
placement activities on July 6, 2016.  On August 29 and 30, 2016, NRC inspectors observed 
placement activities for several CEC components.  The NRC inspectors observed concrete 
placement of the SES fill layer that was placed around the CECs on October 12, 2016.  The 
ISFSI top pad was constructed in four sections.  NRC inspectors observed the concrete 
placement activities of the first section on April 11, 2017.  During the various site visits and 
through in-office reviews the NRC inspectors reviewed design documentation, subgrade density 
results, and shear wave evaluations associated with the ground below the UMAX.    
 
The SFP, SES, and ISFSI top pad were designed and constructed in accordance with American 
Concrete Institute (ACI) 318-05, “Building Code Requirements for Structural Concrete.”  The 
inspection included a review of the concrete mix design, concrete material requirements, 
reinforcing bar specifications, and the concrete batch plant facility.  Direct observations were 
conducted of concrete mixing, placement, and sample testing of the various sections of the 
VVM.  The inspection determined that SONGS’s UMAX ISFSI construction was performed in 
compliance with the requirements contained in the Holtec UMAX CoC Technical Specifications, 



 

3 

FSAR, and the requirements and standards established by the American Concrete Institute 
(ACI) and the American Society for Testing and Materials (ASTM) with one exception as noted 
in Section 1.2 a.     
 
On-Site Fabrication of Components and Construction of an ISFSI (60853) 
 

• The subgrade and material that was beneath the completed ISFSI met the Holtec UMAX 
FSAR requirements for density and shear wave velocity.  The 28 day concrete strength 
test reports confirmed that all sections of the UMAX ISFSI met the required concrete 
strength specified in the Holtec UMAX FSAR and design specifications.  One violation of 
NRC regulations was identified associated with the licensee’s failure to follow procedure 
steps to test the grout density that was placed below the CECs (Section 1.2.a). 
 

• The rebar placement within both the SFP and the ISFSI top pad was constructed in 
accordance with Holtec UMAX FSAR and design specifications for the type of rebar 
used, spacing requirements, and minimum bend diameters.  The rebar was placed 
within the forms to meet the minimum concrete cover requirements specified in the ACI 
standards to protect the rebar from corrosion.  The yield and tensile strength test reports 
for the placed rebar were reviewed and found to meet the 60,000 pound per square inch 
(psi) minimum yield strength requirement specified in the Holtec UMAX FSAR 
(Section 1.2.b). 
 

• The concrete mix used in the various sections of the Holtec UMAX met the design 
specification requirements in respect to slump, temperature, density, and water/cement 
ratio.  Concrete mix ingredients met the applicable ASTM and ACI standards for type of 
cement, admixtures, and water (Section 1.2.c).   
 

• The ready-mix concrete batch plant that was used to construct the SONGS UMAX ISFSI 
had been inspected by the licensee and reviewed by the NRC to meet the requirements 
of ASTM C94, “Standard Specification for Ready-Mixed Concrete.”  The processes used 
for concrete mixing and delivery followed the ASTM standards with respect to maximum 
mixing time, maximum/minimum drum revolutions, addition of admixtures at the job site, 
and measurement of materials (Section 1.2.d). 
 

• Concrete forms were adequately constructed and prepared in accordance with ACI 
requirements, including wetting of surfaces, removal of debris, control of mortar leakage, 
form deflection, removal of standing water, and application of release agents 
(Section 1.2.e). 
 

• The concrete used in the SFP, SES sections, and ISFSI top pad at SONGS met the 
applicable ACI requirements for placement rate, exclusion of foreign material, no 
segregation of the material, and no use of re-tempered or remixed concrete (Section 1.2.f). 
 

• The ACI and ASTM standards for concrete sampling were met with respect to sampling 
locations, methods, frequencies, number of samples, and methods for molding and curing 
strength test cylinders.  The field technicians responsible for sampling and making the 
concrete test cylinders were certified as ACI Grade I Field Testing Technicians 
(Section 1.2.g). 
 

• The concrete placed at SONGS for the UMAX ISFSI was maintained in a moist condition 
and cured for seven days as required by ACI standards (Section 1.2.h).         
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Report Details 
 
Summary of Facility Status 
 
The SONGS ISFSI consists of two ISFSI designs located adjacent to each other.  The 
Transnuclear, Inc. Nuclear Horizontal Modular Storage (NUHOMS) ISFSI contained 51 loaded 
concrete advanced horizontal storage modules (AHSMs) which housed stainless steel dry 
shielded canisters (DSCs).  Spent fuel from all three reactors were stored at the NUHOMS 
ISFSI in 50 of the canisters.  Greater-than-Class-C (GTCC) waste from the Unit 1 reactor 
decommissioning project was stored in one canister.  There were a total of 63 AHSMs on the 
NUHOMS ISFSI pad.  The twelve empty AHSMs will be available for storage of additional 
GTCC waste.  The NUHOMS ISFSI pad consisted of two adjacent pad areas designed to hold 
the AHSMs.  The pads were both 293 feet in length.  The first pad area was 43 feet 6 inches 
wide and held 31 canisters.  The second pad area was 60 feet 6 inches wide and was designed 
to hold 62 AHSMs in a double row, positioned back to back.  The 63 AHSMs currently on the 
pad were designed for the 24PT1-DSC (Unit 1 fuel) and 24PT4-DSC (Unit 2/3 fuel) canisters, 
which hold a maximum of 24 spent fuel assemblies.  The 24PT1-DSCs were loaded and 
maintained under Amendment 0 of CoC 72-1029 and the 24PT4-DSCs were loaded and 
maintained under Amendment 1 of the CoC 72-1029.  Both systems were being maintained 
under FSAR Revision 5.   
 
The Holtec UMAX ISFSI portion was designed to hold 75 canisters.  The longest length of the 
UMAX is 231 feet and the widest area width is 102 feet.  The SFP was constructed below grade 
at the 8.5’ Mean Lower Low Water (MLLW) elevation.  The top of the ISFSI top pad was located 
at the 31.5’ MLLW elevation.  Approximately half of the UMAX ISFSI was located below grade 
while the other half had excavated common fill that sloped up to the top of the ISFSI top pad.  
SONGS plans to begin spent fuel loading operations of the UMAX ISFSI in the fall of 2017.   
 
 
1 On-Site Fabrication of Components and Construction of an ISFSI (60853) 
 
1.1 Inspection Scope 
 

A construction inspection of the UMAX ISFSI consisted of reviews for a broad range of 
topics, including a review of SONGS’s concrete placement activities, inspection of the 
concrete batch plant, review of rebar placement, observations of concrete sampling 
activities, quality assurance, corrective actions, concrete quality, and concrete curing 
activities.  The UMAX ISFSI design reviews and construction activities were reviewed 
against the requirements specified in the Holtec UMAX CoC Technical Specifications, 
FSAR, and the requirements and standards established by the ACI and ASTM 
standards.   

 
1.2 Observations and Findings 

 
a. UMAX Design 

 
The Holtec HI-STORM UMAX FSAR specified the design requirements of the ISFSI in 
Tables 2.3.2, “Design Data for HI-STORM UMAX ISFSI” and 2.3.10, “Design Data for 
HI-STORM UMAX Version MSE” (most severe earthquake).  The tables included shear 
wave and density requirements for the soils adjacent to and beneath the ISFSI structure.  
The required minimum shear wave velocity for soils adjacent to the UMAX ISFSI 
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is 450 feet per second (ft/sec).  The required minimum shear wave velocity for the soil 
directly beneath the UMAX is 485 ft/sec.  Native soil conditions at SONGS were shown 
to exceed the minimum requirements.  Geotechnical data collected at the site showed 
that the existing soil had shear wave velocities that ranged from 729 ft/sec at a depth of 
two feet to approximately 1650 ft/sec at a depth of 98 feet.  The FSAR required that the 
depth averaged density of soils beneath the UMAX ISFSI to be nominally 120 pounds 
per cubic foot (pcf).  The soil underneath the UMAX ISFSI is characterized in 
geotechnical reports as sand from the San Mateo Formation.  The SONGS Unit 2 and 3 
UFSAR shows that San Mateo Sand has a total unit weight of 130 pcf.  This exceeded 
the nominal density required by the FSAR.   
 
Holtec UMAX FSAR Tables 2.3.2 and 2.3.10 specified a nominal concrete strength 
of 4,500 psi at 28 days for the SFP and ISFSI top pad and a minimum strength 
of 3,000 psi for the self-hardening engineered subgrade (SES).  NRC inspectors 
reviewed the 28 day concrete test results for the SFP, the SES, and the ISFSI top pad.  
Test results for the SFP ranged from 4,190 to 6,450 psi and averaged 5,640 psi.  One 
test result fell below the specified nominal strength of 4,500 psi.  However, since every 
arithmetic average of three consecutive strength tests exceeded 4,500 psi and no 
individual strength test fell below 4,000 psi, the concrete met the specified strength 
requirement of ACI 318-05, Section 5.6.3.3.  NRC randomly sampled 33 test results for 
the SES concrete.  The compressive strength results reviewed by NRC ranged from 
3,990 to 5,120 psi, averaging 4,640 psi.  Those results exceeded the 3,000 psi minimum 
compressive strength requirement for the SES section.  The first section of the ISFSI top 
pad results reviewed by NRC ranged from 5530 to 5960 psi and averaged 5681 psi.  
Those results exceeded the HI-STORM UMAX FSAR 4,500 psi minimum compressive 
strength requirement without exceptions.   
 
The Holtec UMAX FSAR also specified density requirements for SFP, SES, and ISFSI 
top pad.  The SFP had a specified nominal dry density of 120 pcf.  The ISFSI top pad 
was required to have a nominal dry density of 135 pcf.  The SES section had a minimum 
depth averaged density requirement of 120 pcf.  The density measurements for the SFP 
ranged from 143 to 147 pcf.  The SES section test results reviewed by NRC showed that 
the subgrade concrete density ranged from 144 to 148 pcf.  Concrete samples from the 
ISFSI top pad ranged from 146 to 149 pcf.  All concrete density measurements were 
made in accordance with the requirements of ASTM C39, “Standard Test Method for 
Compressive Strength of Cylindrical Concrete Specimens,” Section 9.3.  The concrete 
for the UMAX ISFSI at SONGS met all of the density requirements specified in the 
Holtec HI-STORM UMAX FSAR.   
 
SONGS placed flow-able Five Star Fluid 100 grout material under each of the 75 CECs 
for leveling and support purposes to ensure the CECs would not be buoyed or displaced 
during SES concrete placement activities.  Holtec Procedure HSP-58, “CEC Base late 
Grouting,” Revision 3, Step 2.2 designated the grout as an Important to Safety 
component.  HSP-58 Exhibit 9.1, “Grout Density and Compressive Strength 
Confirmation of Design Conformance Form,” required licensee to verify that the density 
and compressive strength of the grout met the density and strength requirements for 
the SFP.  The SFP and grout were required to have a minimum nominal dry density 
of 120 pcf and minimum 28-day compressive strength of 4,500 psi per UMAX FSAR 
Table 2.3.2 and as amended by Holtec 72.48 Evaluation #1100, Revision 4.   
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The grout samples taken during the CEC grouting operations were tested for 28 day 
compressive strength in accordance with ASTM C109, “Standard Test Method for 
Compressive Strength of Hydraulic Cement Mortars.”  The average 28 day compressive 
strength for all samples ranged from 7,831 to 8,399 psi, well above the required 
minimum of 4,500 psi.  However, the licensee identified that the laboratory used to test 
the grout samples taken during placement activities failed to test the grout samples for 
density and had only tested the samples for compressive strength.   
 
Title 10 CFR 72.150 requires, in part, that the licensee shall prescribe activities affecting 
quality by documented instructions, procedures, or drawings of a type appropriate to the 
circumstances and shall require that these instructions, procedures, and drawings be 
followed.  The instructions, procedures, and drawings must include appropriate 
quantitative or qualitative acceptance criteria for determining that important activities 
have been satisfactorily accomplished.  Contrary to the above, from 
September 14-19, 2016, the licensee failed to ensure Procedure HSP-58, Exhibit 9.1, 
was followed and the appropriate qualitative acceptance criteria for the grout density 
testing had been satisfactorily accomplished.   
 
SONGS placed the failure to test the grout samples for density into their Corrective 
Action Program (CAP) as Nuclear Notification (NN) 203394445 and 203394463.  
Holtec also placed the issue into their CAP as Field Condition Report (FCR) 
FCR-2464-CON-090.  On September 9, 2016, and prior to field production placement of 
the grout, a trial mock-up slab was placed utilizing the same mixer and the same grout 
type (5-Star Fluid Grout) as was used in the production grouting operation in the field.  
The grout lot number used for the trial slab was Lot #1427001756 and was also one of 
the five lots later used during production.  This existing mock-up was cored to obtain 
measurable samples that were sent to the testing laboratory to determine the grout’s 
density.  Additionally, the licensee used remaining grout from the same lots used in the 
CEC grout placements to produce additional grout samples which were mixed as 
directed by the manufacturer’s recommendations and procedure requirements and were 
also sent to the testing laboratory to determine the grout’s density.  All grout samples’ 
dry density was found to be between 124.7 to 127.6 pcf, which was above the minimum 
required of 120 pcf.  Additionally, the licensee used the data collected from the 
subsequent grout testing to develop a best fit line graph to correlate the 28 day 
compressive strength to density.  Using the best fit line equations, a series of plotted 
strengths and their projected densities was created that encompassed the minimum and 
maximum compressive strengths found during the CEC grout placement activities.  
Based on the subsequent sample data collected and the evaluation correlating 
compressive strength to density, the licensee was able to demonstrate that the grout 
placed during field operations under each CEC exceeded the 120 pcf minimum 
requirement.   
 
The NRC determined that the licensee’s failure to follow procedure HSP-58 to test the 
grout for the required density to be a Severity Level IV Violation of NRC regulations.  
Since licensee staff entered the issue into their CAP, was able to demonstrate the grout 
used in the field met the required minimum density requirements, the safety significance 
of the issue was determined to be low, and because the violation was not willful or 
repetitive, this violation was treated as a Non-Cited Violation (NCV), consistent with 
Section 2.3.2 of the NRC Enforcement Policy (NCV 072-041/1602-01). 
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   b. Concrete Reinforcement  
 
The Holtec HI-STORM UMAX FSAR required that any reinforcing steel bar (rebar) used 
in its construction to have a 60,000 psi minimum yield strength.  The purchase 
specifications for the rebar used in the SFP and ISFSI top pad called for ASTM 
Grade 60 rebar.  NRC inspectors verified during rebar inspections for the SFP and the 
ISFSI top pad that the structural rebar was marked as ASTM Grade 60 #11 bar.  The 
NRC inspectors also reviewed certified mill test results (CMTRs) for the rebar that 
indicated both yield and tensile strengths exceeding the 60,000 and 90,000 minimum psi 
requirements, respectively, for ASTM Grade 60 rebar.    
 
The spacing requirements for #11 rebar were specified in Holtec UMAX FSAR 
Table 2.3.2 as being at least 9 inches (each face, each direction).  NRC inspectors 
visually verified for selected areas that the #11 rebar as installed in the SFP and ISFSI 
top pad were spaced such that it met the minimum required spacing. 
 
ACI-318 Section 7.2 specified that the minimum bend diameter of #11 rebar to be eight 
times the bar’s diameter or, roughly, 11.2 inches.  NRC inspectors reviewed engineering 
drawings and verified that for selected areas the bends on the rebar installed in the SFP 
and ISFSI top pad did not exceed the minimum bend diameter specified in the ACI code.   
 
The minimum clear concrete cover requirements for #11 rebar as stipulated by ACI-318 
were met or exceeded by SONGS in its rebar placement in the Holtec UMAX ISFSI.  
The engineering drawings for rebar placement and pad dimensions showed a distance 
of clear cover between the SFP bottom rebar and the mud mat of 3 inches.  The clear 
concrete cover on the outsides of the SFP rebar that would be in contact with soil were 
also shown to be 3 inches.  The concrete cover between the top of the SFP rebar and 
SES concrete was 2 inches.  Lastly the ISFSI top pad rebar had clear concrete cover on 
all sides of between 3 and 4 inches.  NRC inspectors visually verified the clear cover 
distances between the forms and rebar and the rebar height above the subgrade prior to 
the initial concrete placements for both the SFP and the ISFSI top pad on selected 
areas.  The rebar in the SONGS UMAX ISFSI met or exceeded the minimum concrete 
clear cover requirements of ACI-318 Sections 7.7.1(a) and 7.7.1(b).    
 
NRC inspectors also inspected the condition of the rebar prior to the concrete 
placement.  NRC observed that the rebar was clean with some light rusting, which was 
acceptable per the ACI code.  There was no dirt, oil, grease, or other debris on any rebar 
observed prior to the concrete placement activities.   
 

c. Concrete Quality 
 
The Portland cement used for the UMAX ISFSI constructed at SONGS conformed to the 
ASTM C150 “Standard Specification for Portland Cement” standard and other design 
requirements.  The Project Specification Section 03300 Step 2.1.A, required that the 
Portland cement shall conform to ASTM C150, Type II, and not contain more than 0.6 
percent equivalent alkalis.  Certification of Tests from Mitsubishi Cement Corporation 
provided the chemical assay results for the Portland cement provided to SONGS.  The 
test results documented that the cement met the limits specified in ASTM C150 for 
Type II cement.  The total alkali was tested to be 0.56 percent, below the maximum limit 
specified in the design specification.   
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Project Specification Section 03300, Steps 2.1 B specified that that fine and coarse 
aggregates shall conform to the requirements of ASTM C33, “Standard Specification for 
Concrete Aggregates.”  Sieve analysis testing results from SCST Engineering 
documented that the coarse and fine aggregates used for the UMAX project met the 
qualifications of ASTM C33.  The Project Specification also required that the coarse 
aggregates be Size No. 56 or 57.  NRC inspectors reviewed laboratory test results for 
the coarse and fine aggregates used in the concrete for the UMAX ISFSI construction at 
the SONGS site.  The coarse aggregate used was Size No. 57 provided by Robertson’s 
Ready Mix facility from quarry in El Cajon, CA.   
 
Project Specification Section 03300, Step 2.1.C specified that the water used for 
concrete shall meet the requirements of ASTM C94 “Standard Specification for Ready-
Mixed Concrete.” or be potable (meets drinking standards) water.  The San Clemente 
Robertson’s Ready Mix batch plant’s water source met drinking water standards as 
documented in a letter, dated November 20, 2015, from the City of San Clemente 
Utilities Operations Supervisor that certified the water provided to the facility was potable 
water, suitable for human consumption.   
 
The concrete supplied for construction of the UMAX ISFSI met the water to cement ratio 
requirements of ACI 318 Section 4.2.2 requirements.  Project Specification 03300, 
Step 2.3 A required that that the water to cement ratio shall not exceed 0.50, as required 
by the ACI code, for all sections of the UMAX ISFSI.  The approved concrete mix 
designs for the SFP and ISFSI top pad specified the water to cement ratios to not 
exceed 0.40, the SES section was required not to exceed 0.50.  NRC inspectors 
reviewed the batch tickets for concrete trucks which were sampled and many other 
trucks throughout the day during the SFP, SES, and ISFSI top pad pours that were 
observed by the inspectors.  The water to cement ratios for those concrete trucks never 
exceeded the design specifications or ACI requirements.   
 

d. Concrete Mixing and Delivery 
 

The concrete for the UMAX ISFSI was mixed and delivered to the site in a manner 
consistent with the requirements of ASTM C94.  Specifically, the concrete slump 
measurements at the point of discharge met the concrete design range of between 3 
and 8 inches (with the addition of a high range water reducing agent).  The concrete 
was sampled and tested at least once for every 100 cubic yards of delivered product.  
For the NRC observations of the SFP and ISFSI top pad, the actual concrete slump 
ranged from 4 to 7 inches.  Grace Construction Products ADVA 190 was the high range 
water reducer specified in the concrete design used for the UMAX ISFSI project at 
SONGS. 
 
During the NRC inspection, no concrete was placed that had exceeded either the 1½ 
hour time limit after the introduction of mixing water or with more than 300 turns on the 
truck’s agitator drum.  NRC inspectors observed that during concrete placement 
activities the trucks arrived on-site within 23-35 minutes after leaving the batch plant with 
about 180 turns on the drum.  ADVA 190 high range water reducer was sometimes 
added to the concrete after the truck's arrival onsite.  When ADVA 190 was added, the 
concrete was mixed at least 30 revolutions at mixing speed after its addition.  No water 
additions were made once the delivery trucks arrived on-site for concrete placement.   
 
One primary and two back-up concrete batch plants were contracted for the SONGS 
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UMAX ISFSI.  The primary batch plant was located in San Clemente, CA.  The back-up 
plants were in Irvine and Escondido, CA.  NRC inspectors verified that the cement, 
aggregate, and water scales were calibrated and accurate to within the specifications 
of ASTM C94 requirements.  NRC inspectors verified that water was batched by weight, 
not volume, to an accuracy of 1 percent of the required total water for the mix design of 
the SFP and ISFSI top pad.  NRC reviewed a random selection of batch tickets for 
concrete delivered to the initial SFP and ISFSI top pad concrete placement events.  
Each set of batch tickets showed that individually weighted batching for the concrete mix 
used in the SFP and ISFSI top pad, weights for aggregates were within +/- 2 percent of 
the values specified in the concrete mix design, thereby meeting ASTM C94 
requirements. 
 
NRC inspectors verified that the ready mixed concrete provided for the UMAX ISFSI at 
SONGS met all of the applicable requirements of ASTM C94. 

 
e. Concrete Placement Preparation 
 

During each site visit to observe the concrete placement activities at SONGS, NRC 
inspectors verified that the concrete forms were securely shored, tight-fitting, and coated 
with release agent prior to concrete placement.  NRC inspectors also verified that the 
reinforcement bars and subgrade were free from mud, oil, grease, debris, or any laitance 
that would inhibit bonding.  Before the concrete pour, the subgrade and rebar was 
wetted, but standing water was not allowed in accordance with ACI 318 Section 5.7.1 (f).   
During concrete placement no paste or mortar leakage was observed coming from the 
bottom or between adjoining forms. 
 

f. Concrete Placement 
 
NRC inspectors observed workers placing concrete as nearly as practical to its final 
location.  Operations were controlled to avoid segregation of the concrete due to re-
handling or flowing.  All concrete was observed as being placed in a plastic state which 
was easily worked by concrete operators and crew.  Inspectors observed that the 
subcontractor did not place partially hardened or contaminated concrete during 
placement activities.  Additionally, no re-tempered or remixed concrete was used during 
any concrete placement activities.   
 

g. Concrete Sampling 
 

Concrete sampling operations were observed by NRC inspectors to conform to 
ASTM C172 “Standard Practice for Sampling Freshly Mixed Concrete” requirements.  
Holtec Procedure HSP-186, “Aggregate and Ready Mixed Concrete Testing 
Requirements for ITS ‘B’ Applications,” Revision 23, step 5.3.3 required that concrete be 
tested as specified by ASTM C172.  Procedure HSP-186 step 7.3 required that concrete 
for sampling should be acquired after 10 percent and before 90 percent of the mixer 
drum that had been discharged.  The NRC inspectors verified during the observed 
portions of the SFP, SES, and ISFSI top pad placements that the concrete sampling 
practices employed on site adhered to the requirements specified in the standard and 
procedure.   
 
Tests for slump, temperature, air entrainment, and unit weight were performed at the 
prescribed required intervals.  The concrete sampling frequency was specified in 
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Procedure HSP-186 Step 7.15.1.  Sampling was performed on the first truck each day to 
determine if the concrete arriving on-site met the required specifications.  Additional 
sampling activities were performed on random trucks after each additional 100 cubic 
yards (yd3) of concrete placement.  This exceeded ACI 318 Section 5.6.2.1 minimum 
requirement for testing for each 150 yd3 of concrete placement.  Qualifications of the 
field testing technicians contracted by the licensee for concrete and grout sampling 
activities were reviewed by the NRC inspectors.  All field testing technicians were 
certified as ACI Grade 1 or equivalent in accordance with ACI 318 Section 5.6.1.   
 
Concrete test cylinders were molded in accordance with the ASTM C31 “Standard 
Practice for Making and Curing Concrete in the Field.”  Holtec Procedure HSP-186, 
Step 7.15.4 required the concrete cylinders to be prepared and cured in accordance 
with ASTM C31.  NRC inspectors observed the testing personnel follow the 
requirements of ASTM C31 during sampling activities that took place during the NRC 
observations on the SFP, SES, and ISFSI top pad placements.  Concrete test samples 
were molded and placed into a secure onsite structure where the temperature was 
monitored and maintained to between 60 and 80 degrees F.  The samples were 
removed at the end of the day and taken to the testing laboratory for additional curing 
prior to break tests taking place at four, seven, 28, and 56 day intervals. 
 

h. Concrete Curing 
 

The SFP, SES layers, and ISFSI top pad did not meet the high-early-strength 
exemptions as defined in the ACI-318 Section 5.11.1 criteria.  As such, the concrete was 
required to maintain in a moist condition for at least seven days after placement instead 
of just three days had the concrete met the high-early-strength criteria.  After the 
concrete was placed for each section of the SFP, SES, and ISFSI top pad, Project 
Specification 3300 “Cast in Place Concrete,” Step 3.4 E. required the licensee to keep 
the concrete temperature above 50 degrees F in a moist environment for seven days 
after placement.  The NRC inspectors observed that the licensee was curing the 
concrete sections above the minimum temperature and were spraying water to keep the 
concrete moist for seven days as required by the code.   
 

1.3 Conclusions 
 
The subgrade and material that was beneath the completed ISFSI met the Holtec UMAX 
FSAR requirements for density and shear wave velocity.  The 28 day concrete strength 
test reports confirmed that all sections of the UMAX ISFSI met the required concrete 
strength specified in the Holtec UMAX FSAR and design specifications.  One violation of 
NRC regulations was identified associated with the licensee’s failure to follow procedure 
steps to test the grout density that was placed below the CECs.   
 
The rebar placement within both the SFP and the ISFSI top pad was constructed in 
accordance with Holtec UMAX FSAR and design specifications for the type of rebar 
used, spacing requirements, and minimum bend diameters.  The rebar was placed 
within the forms to meet the minimum concrete cover requirements specified in the ACI 
standards to protect the rebar from corrosion.  The yield and tensile strength test reports 
for the placed rebar were reviewed and found to meet the 60,000 pound per square inch 
(psi) minimum yield strength requirement specified in the Holtec UMAX FSAR.   
The concrete mix used in the various sections of the Holtec UMAX met the design 
specification requirements in respect to slump, temperature, density, and water/cement 
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ratio.  Concrete mix ingredients met the applicable ASTM and ACI standards for type of 
cement, admixtures, and water.   
 
The ready-mix concrete batch plant that was used to construct the SONGS UMAX ISFSI 
had been inspected by the licensee and reviewed by the NRC to meet the requirements 
of ASTM C94, “Standard Specification for Ready-Mixed Concrete.”  The processes used 
for concrete mixing and delivery followed the ASTM standards with respect to maximum 
mixing time, maximum/minimum drum revolutions, addition of admixtures at the job site, 
and measurement of materials. 
 
Concrete forms were adequately constructed and prepared in accordance with ACI 
requirements, including wetting of surfaces, removal of debris, control of mortar leakage, 
form deflection, removal of standing water, and application of release agents. 
 
The concrete used in the SFP, SES sections, and ISFSI top pad at SONGS met the 
applicable ACI requirements for placement rate, exclusion of foreign material, no 
segregation of the material, and no use of re-tempered or remixed concrete.   
 
The ACI and ASTM standards for concrete sampling were met with respect to sampling 
locations, methods, frequencies, number of samples, and methods for molding and curing 
strength test cylinders.  The field technicians responsible for sampling and making the 
concrete test cylinders were certified as ACI Grade I Field Testing Technicians.   
 
The concrete placed at SONGS for the UMAX ISFSI was maintained in a moist condition 
and cured for seven days as required by ACI standards.   

 
2 Exit Meeting 

 
The inspectors presented the inspection results to Mr. Lou Bosch, Plant Manager, and 
other members of your staff during a debrief meeting conducted on April 11, 2017.  A final 
exit meeting was conducted telephonically on May 18, 2017 with licensing and engineering 
staff after the NRC inspectors received the 28-day concrete compressive strength break 
test results for the first section of the ISFSI top pad.  Representatives of the licensee 
acknowledged the findings as presented.   
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GAO identifies key steps for Yucca 
Mountain licensing
31 May 2017

The US Department of Energy (DOE) and the Nuclear Regulatory 
Commission (NRC) will need to rebuild their organisational 
capabilities in order to restart the suspended licensing process for 
the Yucca Mountain high-level radioactive waste repository, 
according to the Government Accountability Office (GAO).

US nuclear waste management policy is enshrined in the 1982 Nuclear 
Waste Policy Act, which established federal responsibility for all civil used 
fuel and obliged the government - through the DOE - to begin removing 
used fuel from nuclear facilities by 1998 for disposal in a federal facility. The 
act was amended in 1987 to designate Yucca Mountain in Nevada as the 
sole site for the repository for 70,000 tonnes of high-level waste.

The DOE submitted a construction licence application for the Yucca Mountain 
repository to the NRC in 2008, but following 2009's presidential elections 
the Obama administration subsequently decided to abort the project, 
appointing a high-level Blue Ribbon Commission to come up with alternative 
strategies.

The NRC terminated licensing activities for Yucca Mountain in 2011, but in 
August 2013 was ordered to resume work on its technical and 
environmental reviews of the application by the US Court of Appeals. NRC 
staff completed and published the final volumes of the safety evaluation 
report in January 2015 and completed and issued an Environmental Impact 
Statement supplement in May 2016. The adjudicatory hearing, which must 
be completed before a licensing decision can be made, remains suspended.

GAO was asked by the House of Representatives' Committee on Energy and 
Commerce to examine the likely steps needed to resume the Yucca 
Mountain licensing process. GAO reviewed federal laws and documents; 
interviewed DOE and NRC officials and contractors; and interviewed or 
received written remarks from 15 of the 17 non-federal parties. It has now 
published its report - titled Commercial nuclear waste: Resuming licensing 
of the Yucca Mountain repository would require rebuilding capacity at DOE 
and NRC, among other key steps.

6/9/2017GAO identifies key steps for Yucca Mountain licensing
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The report examines the actions that took place after DOE submitted its 
motion to withdraw its application and any plans by DOE or NRC to resume 
the licensing process. It also considers the likely key steps needed to 
resume and complete the process.

The GAO identifies four key steps that would be needed to resume and 
complete the licensing process.

GAO said the NRC must firstly receive direction to resume the Yucca 
Mountain licensing process. The five-member commission must also decide 
on several aspects of the process, including the timeline for its completion 
and whether relevant regulations require updating. This will enable NRC, 
DOE and other parties involved to identify the costs involved and to obtain 
the necessary funding.

Secondly, DOE, NRC and non-federal parties will need to rebuild their 
organisational capabilities, including the rehiring or recruiting legal, 
scientific and other experts. NRC and DOE will also need to update 
documents for the licensing process, including the licence application and 
the environmental impact statement.

The NRC and its Atomic Safety and Licensing Boards will then need to issue 
orders for the resumption of the adjudication. Hearings would then be held 
on the safety and other aspects of the proposed repository.

On completion of the adjudication, the NRC would then examine the totality 
of the information and decide whether or not to issue a construction licence 
for the project.

GAO identified a number of factors that could affect the time needed to 
resume and complete the licensing process.

"At present, there are at least two unresolved legal issues that would need 
to be addressed and that could affect the timeline for completing the 
licensing process," GAO said. It said the DOE may need to acquire the land 
and water rights it needs for construction authorisation. In addition, a legal 
challenge questioning NRC's changes to its safety regulations for the 
repository's expected period of performance could also prolong the timeline.

GAO said it provided NRC and DOE with a draft of its report for comment. 
"NRC generally agreed with our findings," it said. "DOE did not indicate 
whether it generally agreed or disagreed."
Researched and written
by World Nuclear News
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Tax Year Land Improvements Pers Prop Total 1% Tax % CWA Share CWA Share Total 1% CWA
2012 11,491,835    1,870,970,392     576,024,186    2,458,486,413  24,584,864.13 0.00164469      40,434.48 
2013 12,146,903    2,060,534,385     615,371,526    2,688,052,814  26,880,528.14 0.00164469      44,210.14 
2014 12,146,903    1,274,207,586     301,644,513    1,587,999,002  15,879,990.02 0.00165705      26,313.94  (11,000,538.12) (17,896.20)
2015 12,146,903    1,157,258,588     136,843,503    1,306,248,994  13,062,489.94 0.00167601      21,892.86  (2,817,500.08)   (4,421.07) 
2016 12,146,903    938,619,755        3,986,776         954,753,434     9,547,534.34   0.00167601      16,001.76  (3,514,955.60)   (5,891.10) 

Total Loss to Date: (17,332,993.80) (28,208.37)

Tax Year Land Improvements Pers Prop Total 1% Tax % CWA Share CWA Share Total 1% CWA
2012 ‐                  574,345,097        205,281,473    779,626,570     7,796,265.70   0.00164469      12,822.44 
2013 ‐                  434,539,639        176,595,451    611,135,090     6,111,350.90   0.00164469      10,051.28  (1,684,914.80)   (2,771.16) 
2014 ‐                  248,270,692        107,896,590    356,167,282     3,561,672.82   0.00165705      5,901.87     (2,549,678.08)   (4,149.41) 
2015 ‐                  219,193,375        118,604,363    337,797,738     3,377,977.38   0.00167601      5,661.52     (183,695.44)      (240.35)     
2016 ‐                  102,237,232        124,244,388    226,481,620     2,264,816.20   0.00167601      3,795.85     (1,113,161.18)   (1,865.67) 

Total Loss to Date: (5,531,449.50)   (9,026.59) 

*The SDG&E Component is an estimate of values attributed to San Onofre Nuclear Generating Station 

Tax Year Land Improvements Pers Prop Total 1% Tax % CWA Share CWA Share Total 1% CWA
2012 11,491,835    2,445,315,489     781,305,659    3,238,112,983  32,381,129.83 0.00164469      53,256.92 
2013 12,146,903    2,495,074,024     791,966,977    3,299,187,904  32,991,879.04 0.00164469      54,261.41  610,749.21       1,004.49   
2014 12,146,903    1,522,478,278     409,541,103    1,944,166,284  19,441,662.84 0.00165705      32,215.81  (13,550,216.20) (22,045.61)
2015 12,146,903    1,376,451,963     255,447,866    1,644,046,732  16,440,467.32 0.00167601      27,554.39  (3,001,195.52)   (4,661.42) 
2016 12,146,903    1,040,856,987     128,231,164    1,181,235,054  11,812,350.54 0.00167601      19,797.62  (4,628,116.78)   (7,756.77) 

(21,179,528.50) (34,463.80)

Southern California Edison
Unitary 1% Property Tax Revenue

SDG&E Component*
Unitary 1% Property Tax Revenue

Unitary 1% Property Tax Revenue
Total San Onofre Nuclear Power Plant

Loss Over Prior Year

Loss Over Prior Year

Loss Over Prior Year



http://www.apnewsarchive.com/2017/Federal-officials-requested-a-20-year-extension-involving-the-
storage-in-Idaho-of-reactor-core-debris-from-the-partial-meltdown-at-the-Three-Mile-Island-nuclear-
power-plant/id-699d588b3a4a4af19a99fb891ae18499

AP

Extension sought for storing Three Mile Island debris 

By KEITH RIDLER Associated Press Jun 9, 2017 Updated Jun 9, 2017

BOISE, Idaho (AP) — Federal officials requested a 20-year extension involving the 

storage in Idaho of reactor core debris from the partial meltdown at the Three Mile Island 

nuclear power plant.

Keith Ridler
FILE - In this May 11, 2015, file photo, nuclear waste is stored in underground containers at the Idaho National Laboratory
Federal officials are requesting a 20-year extension involving the storage at an Idaho facility of reactor core debris from th
Three Mile Island nuclear power plant. The U.S. Department of Energy in a document made public on Friday, June 9, is a
Regulatory Commission to renew a license for the storage to 2039 at its square mile site in eastern Idaho that includes the
Laboratory. (AP Photo/Keith Ridler, File) 

Page 1 of 3Extension sought for storing Three Mile Island debris | National | decaturdaily.com

6/12/2017http://www.decaturdaily.com/news/other_news/national/extension-sought-for-storing-three...



The U.S. Department of Energy in a document made public Friday asked the Nuclear 

Regulatory Commission to renew a license allowing storage until 2039 at an 890-square 

-mile site that includes the Idaho National Laboratory.

The debris from the 1979 nuclear accident was shipped from Pennsylvania to Idaho 

between 1986 and 1990. Research on the material was performed to improve nuclear fuel 

design and reactor safety.

The material also includes intact fuel assemblies.

The license to store the material in Idaho now expires in 2019. In a separate agreement 

with Idaho made in 1995, the agency is required to remove the waste from the state by 

2035.

Federal officials currently have nowhere to send it.

"DOE remains committed to meeting its obligations to the state of Idaho," the federal 

agency said in a March 9 letter to Idaho officials.

The Nuclear Regulatory Commission received a letter dated March 6 from the Energy 

Department requesting the license renewal.

Anyone interested in requesting a hearing or who wants to intervene must file a petition 

with the commission within 60 days starting Friday.

Susan Burke, oversight coordinator of the Idaho Department of Environmental Quality, 

said federal officials told her that an additional four years for removal will allow them to 

decommission the area after the debris is taken away.

"They obviously can't close the facility a day after they remove the fuel," she said. "There's 

not an intent to not meet the 2035 deadline."
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The Idaho Attorney's General Office declined to comment about the request for a license 

renewal. Attorney General Lawrence Wasden and the Energy Department have been at 

an impasse on another nuclear waste issue for more than a year.

Wasden is refusing to allow research quantities of spent nuclear fuel to be shipped to 

Idaho National Laboratory — considered the nation's top nuclear research lab — until the 

Energy Department demonstrates it can process 900,000 gallons of high-level nuclear 

waste.

The Energy Department initially had a 2012 deadline to deal with the liquid waste that's 

stored in tanks above a giant aquifer that supplies water to cities and farms in the region.

That deadline has been extended multiple times and was most recently missed in 

September after the federal agency announced scientists couldn't achieve a stable 

operation at a $600 million facility to treat the waste.

Copyright 2017 The Associated Press. All rights reserved. This material may not be published, 
broadcast, rewritten or redistributed.
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	 Concrete forms were adequately constructed and prepared in accordance with ACI requirements, including wetting of surfaces, removal of debris, control of mortar leakage, form deflection, removal of standing water, and application of release agents (...
	Report Details
	Summary of Facility Status
	The rebar placement within both the SFP and the ISFSI top pad was constructed in accordance with Holtec UMAX FSAR and design specifications for the type of rebar used, spacing requirements, and minimum bend diameters.  The rebar was placed within the ...
	Concrete forms were adequately constructed and prepared in accordance with ACI requirements, including wetting of surfaces, removal of debris, control of mortar leakage, form deflection, removal of standing water, and application of release agents.
	SUPPLEMENTAL INSPECTION INFORMATION
	PARTIAL LIST OF PERSONS CONTACTED
	Licensee Personnel
	INSPECTION PROCEDURES USED
	LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED
	Discussed
	None
	Closed
	LIST OF ACRONYMS

	9-GAO report on how Yucca Mountain could be licensed - World Nuclear News
	10-Southern CA Edison Unitary 1% Tax
	11-Extension sought for storing Three Mile Island derbis

