


Page 2 

    Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, nor any of their contractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency, contractor or subcontractor thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency, contractor or subcontractor thereof.

This is a technical report that does not take into account the contractual limitations under the
Standard Contract for Disposal of Spent Nuclear Fuel (SNF) and/or High-Level Radioactive
Waste that DOE has in place with nuclear utilities (10 CFR 961.11). Under the Standard
Contract, DOE is obligated to accept on bare SNF, also sometimes referred to as used nuclear
fuel (UNF). Acceptance of canistered SNF would require a mutual agreement to modify the contract.
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Foreword 

The “Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level 
Radioactive Waste” report was issued by the Department of Energy (DOE) in January 2013.  The 
strategy includes a phased, adaptive, and consent based approach to siting and implementing a 
comprehensive management and disposal system.  It also endorses a waste management system 
containing a pilot interim storage facility and a full-scale interim storage facility, which 
prioritizes the acceptance of fuel from shut-down reactors.  Required features of the system and 
facilities are: 

• A pilot interim storage facility with limited capacity capable of accepting used nuclear 
fuel and high-level radioactive waste and initially focused on serving shut-down reactor 
sites;  

• A larger, consolidated interim storage facility, potentially co-located with the pilot 
facility and/or with a geologic repository, that provides the needed flexibility in the waste 
management system and allows for important near-term progress in implementing the 
federal commitment;

• System would initially be focused on acceptance of used nuclear fuel from shut-down 
reactors, which provides a unique opportunity to build and demonstrate the capability to 
safely transport and store used nuclear fuel.  Following these initial efforts, capacity will 
be developed to enable the acceptance and transportation of used nuclear fuel at rates 
greater than that at which utilities are currently discharging it in order to gradually work 
off the current inventory. 

• Depending on the outcome of a consent-based process, the larger facility could have a 
capacity of 20,000 MTHM or greater, and could be co-located with the pilot facility or 
the eventual geologic repository. 

The report also outlines DOE’s plan for implementing the management and disposal system over 
the next 10 years: 

• Identify site, complete design, license, construct and commence operations of a pilot 
interim storage facility by 2021 with an initial focus on accepting used nuclear fuel from 
shut-down reactor sites;  

• Advances toward the siting and licensing of a larger interim storage facility to be 
available by 2025 that will have sufficient capacity to provide flexibility in the waste 
management system and allows for acceptance of enough used nuclear fuel to reduce 
expected government liabilities; and  

• Makes demonstrable progress on the siting and characterization of repository sites to 
facilitate the availability of a geologic repository by 2048.  

The Consolidated Storage Facility (CSF) design concept presented in this report, which was 
developed during the time period July to November 2012, closely aligns with the DOE strategy 
as described in the following text. 
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The concept comprises of three stages: 

• Stage 1 - Receipt of Transportable Storage Casks (TSCs) containing used nuclear fuel 
(UNF) from Humboldt Bay and the operating sites that use at least some DPCs. 

• Stage 2 - Receipt of UNF stored in Dual Purpose Canisters (DPCs) from the shutdown 
and operating reactor sites. 

• Stage 3 – Addition of facilities and infrastructure needed to both package bare UNF 
assemblies and repackage UNF assemblies stored within DPCs, into disposal canisters 
that are suitable for final geologic disposal.  

Stages 1 and 2 completed in parallel, coupled with a storage pad size capable of storing around 
250 storage casks (2,800 MT), represent the required functionality for the pilot interim storage 
facility. 

Stage 3, coupled with a storage pad capable of storing 30,000 to 40,000 MT and a receipt rate of 
3,000 MT/yr, represents the larger consolidated interim storage facility.  This staged approach 
spreads out the capital cost and provides the required opportunity to build and demonstrate the 
capability to safely transport and store the UNF, as well as expeditiously removing the UNF 
from the shut-down reactor sites. 

The schedules presented in this report reflect the staged approach for the design concept, i.e. CSF 
ready to begin operations by 2022 for receipt of TSCs only (Stage 1) and CSF ready to begin 
operations for DPCs by 2025.  However, by performing Stages 1 and 2 in parallel, the DPC 
receipt operations start date can be pulled back to 2022, which is close to the 2021 date identified 
in the DOE strategy report, noting that the main drivers for the operations start dates are the front 
end authorizations and procurements. 

Repository start dates of 2035 and 2040 are assumed and analyzed in this report, which are 
earlier than the 2048 date identified in the DOE strategy report.  The impact of a delay in the 
start of repository operations is evaluated in this report by assuming that the start date for the 
repository is delayed from 2035 and 2040.  The result is that the CSF requires approximately 
52% more storage area and associated storage casks.  If we now assume that the repository start 
dates is 2048, rather than 2040, then the storage area/storage cask requirements would increase 
by a further 54%, which would add an additional $0.4 billion to the lifecycle cost.  
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Executive Summary  

The Blue Ribbon Commission on America’s Nuclear Future was formed by the Secretary 
of Energy at the request of the President to conduct a comprehensive review of policies for 
managing the back end of the nuclear fuel cycle and recommend a new strategy.  The Blue 
Ribbon Commission’s Report on America’s Nuclear Future, January 2012, recommended a 
strategy comprised of eight key elements, one of which is specific to the work scope of this 
report. 
 
• Prompt efforts to develop one or more consolidated storage facilities (for commercial Used 

Nuclear Fuel (UNF)). 
 

“Developing consolidated storage capacity would allow the federal government to begin 
the orderly transfer of spent fuel from reactor sites to safe and secure centralized 
facilities independent of the schedule for operating a permanent repository.  The 
arguments in favor of consolidated storage are strongest for “stranded” spent fuel from 
shutdown plant sites.” 
 

The Department of Energy (DOE) sought industry experience and input on viable concepts for 
the consolidation and storage of commercial UNF by issuing a Statement of Work for Task 
Order 11 under the existing Advisory and Assistance Services contract.  The purpose of this 
scope of work is to address all activities required to take the commercial UNF from its current 
location and configuration, transport it to a location of consolidated storage, prepare the fuel as 
needed and place it in storage, and address the subsequent facility storage operations and 
maintenance.  The focus is initially on the transfer of UNF from shutdown sites followed by 
UNF at plants that are currently operating. 

 
This report documents the Consolidated Storage Facility (CSF) design concept developed by 
EnergySolutions and its team of partners:  NAC International, Talisman International, Booz 
Allen Hamilton, TerranearPMC, Exelon Nuclear Partners and Sargent & Lundy, hereafter 
referred to as “the team”. 
 
 
SYSTEMS ENGINEERING APPROACH 
 
The current total of about 69,000 metric tons of UNF is stored at 65 operating reactor sites and 
10 shutdown sites (See Table ES-1). At the operating sites about 52,000 metric tons is stored wet 
in pools, while about 13,500 metric tons is in dry cask storage. At the shutdown sites, about 1700 
metric tons is stored wet and an equal amount is stored dry. 
 
A four step systems engineering approach was adopted by the team to develop a systems concept 
that would take this commercial UNF from its current location at both the operating and 
shutdown sites, and transport it to a CSF.  This approach is outlined in detail in Section 3.0.  The 
four steps are as follows: 
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• Step 1 – Options Identification, Evaluation and Selection 
• Step 2 – Development of Selected Options 
• Step 3 – Selection of Preferred Systems Concept 
• Step 4 – Finalization of Preferred Systems Concept 
 
However, as is expected when undertaking pre-conceptual design work, new ideas, alternative 
approaches and key decisions arise, which have to be considered and appropriate adjustments 
made to how the task is completed.  This was the case for Task 11 where the work was 
effectively completed in the 3 steps described below, with the originally planned Steps 3 and 4 
being integrated into one step.  The preferred systems concept that was developed using this 
approach is described below. 
 

Table ES-1.  Summary of All Used Nuclear Fuel in Storage in the USA as of 12/31/12.1 

Reactor Site Type 
Number 
of Sites 

Pool Storage Dry Cask Storage 

Number of UNF 
Assemblies 

Metric 
Tons 

Number of Dry 
Storage Casks 

Metric 
Tons 

Operating Sites with 
solely Pool Storage 

21 58,935 18,514 -- -- 

Operating Sites with 
Pool & Dry Cask Storage 

44 121,866 33,460 1,144 13,458 

Totals for Operating 
Sites 65 180,801 51,974 1,144 13,458 

Shutdown Sites with 
solely Pool Storage 

22 5,443 1,693 -- -- 

Shutdown Sites with 
solely Dry Cask Storage 

8 -- -- 198 1,794 

Totals for Shutdown 
Sites 

10 5,443 1,693 198 1,794 

Overall Totals 75 186,244 53,667 1,342 15,252 
1 Note: projection based on Total System Model (TSM) models and assumptions, many of which are global in nature and may not 
reflect actual UNF handling and storage operations at individual reactor sites. 
2 The Zion site is expected to have moved its UNF into dry storage by the time the CSF is operational 
 
 
PREFERRED SYSTEMS CONCEPT 
 
For the retrieval of UNF from the operating sites, it is assumed that adequate infrastructure is in 
place to allow the handling of the UNF and transfer of it, as required, from storage to transport 
casks.  For the shutdown sites, however, it is recognized that it is less likely that adequate 
infrastructure still exists for handling the “stranded fuel” located there. Therefore special 
attention has been paid to the requirements for recovery of this stranded fuel from each shutdown 
site. 
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UNF Retrieval from Shutdown Sites 
 
There are currently nine shutdown (decommissioned) reactor sites; eight with Independent Spent 
Fuel Storage Installations (ISFSIs) that store Dual Purpose Canisters (DPCs) in dry storage 
systems, and one shutdown site (Zion) that will have DPCs in dry storage by the time the CSF is 
in operation.1 The only ongoing activity at these sites involves providing safety and security for 
the dry storage systems, and therefore these sites do not currently have all of the equipment and 
infrastructure required to support DPC retrieval.   
 
The systems engineering approach identified four methods as the most practical options for DPC 
retrieval from the nine shutdown sites, as follows:  
 
• Transportable Storage Cask (TSC) Transfer - This method applies to DPCs currently 

stored in casks that are also licensed for transportation.  This method involves using a mobile 
crane to transfer each TSC from its storage location onto a suitable transportation system.  
This has been identified as a suitable approach for retrieving DPCs at the Humboldt Bay site, 
which stores HI-STAR HB storage and transportation casks.   

• Horizontal Transfer, using a horizontally oriented transfer cask – This method involves 
using a horizontally-oriented transfer cask to transfer a DPC to or from a stationary dry 
storage module.  The transfer cask also serves as the transportation overpack for moving the 
DPC to the CSF.  This has been identified as a suitable approach for retrieving DPCs from 
the Rancho Seco site, which uses the NUHOMS horizontal modular storage system.   

• Horizontal Transfer, using a down-ended vertical storage cask – This method involves 
down-ending a vertical storage cask to a horizontal orientation and transferring the DPC to a 
horizontally-oriented transportation cask.  This has been identified as a suitable approach for 
retrieving DPCs from the Big Rock Point site, which already has the equipment required to 
perform this transfer.   

• Stationary Shielded Transfer - This method is based on a canister transfer system that has 
already been used successfully at the Trojan ISFSI in Oregon, and uses a stationary structure 
that supports a shielded transfer cask.  A storage cask containing a DPC is positioned under 
the shielded transfer cask and the DPC is hoisted from the storage cask into the shielded 
transfer cask.  The storage cask is then moved out and a transportation cask is positioned 
under the shielded transfer cask and the DPC is lowered into the transportation cask. This has 
been identified as a suitable approach for retrieving DPCs at the remaining shutdown sites; 
Trojan, Haddam Neck, Yankee Rowe, Zion, Maine Yankee, and La Crosse.   

The operating steps and equipment required to perform the above canister transfer methods are 
shown in the figures in Appendix A. 
 
  

Some of these sites also store Greater Than Class C (GTCC) waste in storage casks.  This report includes the transfer of GTCC 
waste to the CSF.
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Consolidated Storage Facility Concept 
 
The proposed concept for the CSF is described in detail in Section 4.2 of this report and involves 
expanding the UNF handling capabilities over three stages, which are summarized as follows:  
 
• Stage 1 – Receipt of TSCs only.  This provides early capability to start consolidating UNF as 

only a limited amount of infrastructure is needed for receipt and transfer of TSCs to a storage 
pad.  During this phase, TSCs would be received from the Humboldt Bay shutdown site and 
operating sites that use TSCs. 

• Stage 2 – Addition of canister transfer capability.  This provides the facilities and 
infrastructure needed to transfer DPCs from transportation casks into dry storage casks.  
Priority would be given to DPCs from the remaining shutdown sites, followed by DPCs from 
operating sites. This concept includes building and operating a Canister Transfer Facility, a 
Cask Fabrication Facility, an Administration Building, and expanded storage capacity.  

• Stage 3 – This stage provides the facilities and infrastructure needed to repackage UNF 
assemblies into disposal canisters that are suitable for final geologic disposal.  The degree of 
repackaging capability needed could vary (e.g. bare UNF casks only versus DPCs and bare 
UNF casks) and will depend on future decisions about how to integrate final disposal 
canisters into the total waste management system.  However, the concept proposed includes a 
Pool Repackaging Facility and describes the capabilities needed for repackaging UNF from 
both bare fuel casks and DPCs.  

 
Using this staged approach, the capital cost for the CSF is spread out and allows time for a 
decision to be made on the final geologic repository location and, accordingly, provides time to 
identify final disposal canister requirements.  However, if a decision is made to receive bare 
UNF from reactors, or disposal requirements are determined early, such as by identifying a 
suitable generic disposal canister, UNF repackaging capabilities could be provided earlier during 
Stage 2.   
 
An overview of the process is shown below in Figure ES-1 and a site plan is shown in Figure 
ES-2.  Other figures are provided in Appendix A that show the individual building layouts and 
show the operating steps and equipment. 
 
It should be noted that the completion of Stages 1 and 2 in parallel, coupled with a storage 
capacity of 2,800 MT, which will accommodate UNF stored at the shutdown reactor sites, 
represents the pilot interim storage facility described in the January 2013 DOE report, titled 
“Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level Radioactive 
Waste”.  Expanding the storage capacity to 30,000 to 40,000 MT and implementing Stage 3, 
which increases the receipt rate to 3,000 MT/yr, represents the larger consolidated interim 
storage facility described in the same report. 
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Staffing 
 
The staffing estimate for the CSF is provided in Table ES-2 and separates staffing into four 
categories.  The staffing levels are provided in full-time equivalents (FTEs) and are associated with 
a fully operational CSF at the maximum (i.e., 3,000 MT/year) annual receipt rate.  The Rail 
Yard/Canister Transfer Facility/Storage Pad includes 8 FTEs within the rail yard and 7 FTEs at the 
storage pad.  The remaining 49 FTEs consist of 9 – 12 FTE staff spread across multiple shifts (i.e., 
24/7) with some built-in downtime.   The Pool Repackaging Facility is also spread across multiple 
shifts.  Additional details, including the number of staff by function, estimated costs, and a staffing 
profile are provided in Section 4.2.4. 
 

Table ES-2.  CSF Estimated Staffing by Area.  
 

Area/Function FTEs 

Rail Yard / Canister Transfer Facility / Storage Pad 64 
Pool Repackaging Facility  99 
Management / Engineering / Administration 61 
Security Personnel 26 

    Total 250 

 
Transportation 

 
The challenges in planning and developing a transportation system for the UNF are in four main 
areas: 
• Transport infrastructure (rail and road) around the shutdown sites will not have been maintained 

or, in the case of rail, will not have been retained because of the lack of any ongoing need to 
bring into or out of the site any new plant equipment or heavy assemblies 

• The preferred transport method for UNF is rail, but the national rail network has changed, and in 
some cases parts have ceased to exist, since the last formal updates were compiled in 2004 by 
the Office of Civilian Radioactive Waste Management. 

• Acquisition and licensing of suitable railcars, escort and buffer cars for UNF transport that meet 
the Association of American Railroads standard S 2043 present challenges. Such development 
and licensing is estimated to take at least 48 months. 

• The order quantities for the railcars are likely to be very small in comparison with typical orders 
by railcar manufacturers (quantities of 10 or so against typical orders of thousands for the coal 
industry for example). Thus, either small specialist manufactures will need to be used (with 
risks about their business stability) or the UNF railcar orders will need to be fitted in around 
larger manufacturers big order schedules.  

Other issues affecting the transportation and schedule for a CSF include: procurement of the 
transport casks and ancillary equipment needed to move them, training and technical assistance for 
emergency responders, and operational planning.  
 
A sample optimized transportation queue is presented in detail (See Section 4.3) for de-inventorying 
shutdown sites, which was conceived with the priority of reducing the capital investment in 
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transport costs.  It minimizes the number of transportation casks and ancillary equipment that have 
to be purchased, and minimizes the number of people that have to be trained and qualified for 
loading and unloading operations each year.  It also recommends campaigning all the UNF from 
each shutdown site before moving to the next location. This allows key equipment and the trained 
staff to move from site to site. 

Based on the full CSF coming on-line in 2025, the queue presented will clear the shutdown sites of 
all UNF (and GTCC) by 2028 and result in the consolidation of 3,600 MT of UNF at the CSF.  
There is a tradeoff with this approach in that an additional transport corridor must be opened from 
the southeast to access the Hatch site.  This is one example of the type of decisions that will need to 
be made on which attribute(s) of the transportation system to optimize.   
 
Security Considerations 
 
The CSF will have a security program with the overall objective of providing high assurance that 
activities at the facility do not constitute an unreasonable risk to public health and safety or the 
common defense and security (10 CFR 73.51(b)).  The program will include the following four 
parts: 
 
• Fixed site physical security plan (including training and qualification plan) 
• Integrated contingency response plan (including onsite and offsite forces) 
• Fuel transfer and receipt plan (including division of responsibilities between shipper and 

receiver) 
• Safeguards Information protection plan 
 
Unlike the security organizations at the nation’s nuclear power plants, the CSF is not required to 
have an onsite armed response force.  Response to unauthorized activities relies more heavily on 
offsite forces; therefore liaison agreements and training for these offsite responders are critical 
items. Security considerations are considered in detail in Section 4.4. 
 
Operational Secondary Waste Generation 
 
The systems concept for the CSF addresses the anticipated generation of a relatively small volume 
of class A radioactive waste during the operational years of the facility.  This includes ventilation 
exhaust filters, pool treatment system filters, spent ion exchange resin, and other solid and liquid 
low level waste (LLW) from operations, maintenance and decontamination activities.  Included in 
the systems concept are waste handling and accumulation areas for both solid and liquid LLW.  
This is further discussed in Section 4.5. 
 
Decommissioning Considerations 
 
Several design considerations will need to be taken into account to support the eventual 
decommissioning of the CSF.  These include minimizing activation products during fabrication of 
the storage casks, using steel liners in the casks to provide ease of decontamination, lining floors of 
building surfaces with epoxy or other coatings, and maintaining control of materials accepted so as 
to not create mixed wastes.  These are further discussed in Section 4.6 
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TOTAL SYSTEM MODEL 
 

The Total System Model (TSM) was originally developed to simulate the Civilian Radioactive 
Waste Management System (CRWMS) mission for the Yucca Mountain project. The TSM has been 
adapted for this study and was used to track wastes from discharge from the reactor, through 
transport to receipt at the CSF, and to calculate the various costs associated with onsite storage, 
transportation, and CSF storage. In this version of the TSM, the geologic repository is treated as a 
‘black box’ which merely receives the output of the CSF.  
 
The modified TSM tracks the heat for each assembly from discharge to the reactor pool through 
receipt at the CSF; assembly heat is not tracked during storage at the CSF or repackaging for 
shipment to the repository.   Since the scope of Task Order 11 is limited to CSF design and 
operation and transportation of UNF to the CSF, transportation from the CSF to the repository is not 
explicitly modeled. 

 
The TSM was used to perform a logistical analysis of the identified options for the consolidation 
and storage of commercial UNF which, based on a comprehensive set of assumptions including 
CSF acceptance rates, and start-up dates for the CSF and the geologic repository, analyzed six 
operational scenarios.  It is important to note that the acceptance schemes presented in the TSM 
section of this report (Section 5.0) represent examples of schemes that can be developed and that 
other schemes can be devised and analyzed using the TSM depending on how the acceptance and 
transportation plan is optimized.   
 
The seven operational scenarios that were considered are shown in Table ES-3.   

Table ES-3.  Description of CSF Scenarios. 

Scenario 
# CSFs 
(Sites) 

Pickup 
Order 

CSF 
Start 

Receipt Rate 
Acceptance 

Types 
Repository 

Start 

1  

(Base Case) 
1 CSF 

Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

2 1 CSF TSCs First 2022 
3,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

3 1 CSF 
Stranded 
Sites First 

2025 
2,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

4 
2 CSFs (1 

East, 1 
West) 

Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

5 1 CSF 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2040 

6 1 CSF 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum 

TSCs, DPCs, 
and Bare UNF 

2035 

7 1 CSF 
Stranded 
Sites First 

2025 
6,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

Note 1: major deviations from the Base Case scenario are italicized and bolded 
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The results from this logistical analysis are summarized in Table ES-4.  Key findings are as follows: 
 
• The five scenarios which have a 3,000 MT/yr nominal shipment rate, (1, 2, 4, 5 and 6), 

demonstrate similarly shaped throughput profiles (see example in Figure ES-3): a rapid build-up 
of storage at the CSF, followed by a gradual drawdown once shipment begins to the repository 
until about 2077 for an assumed 2035 repository start (2083 for an assumed 2040 repository 
start for Scenario 5), after which the CSF serves as a repackaging facility for the repository. 

• Scenario 3, which has a 2,000 MT/yr nominal acceptance rate at the CSF (which does not 
reduce the existing inventory of UNF in dry storage at operating sites, but does clean out 
shutdown sites and keep up with annual discharges), demonstrates a very different profile (see 
Figure ES-4).  The combination of a 2,000 MT/yr acceptance rate and a 3,000 MT/yr shipment 
rate from the CSF to the repository results in a smaller CSF storage buildup, followed by a rapid 
draw down of the CSF storage inventory once shipment to the repository begins.  By 2054, the 
CSF inventory is exhausted, and from that time on, the CSF serves as a repackaging facility for 
the repository. 

• The perceived benefit of scenario 3 is that it cleans up the shutdown sites and keeps up with 
annual discharges thereby avoiding additional utility storage costs. It also has the benefit that the 
CSF design has to provide storage for less than 20,000 metric tons, which will reduce CSF 
costs.  However, the 2,000 MT/yr shipment rate, while it stops the accumulation of UNF at 
reactor sites (and the increase in reactor storage costs), does not reduce the inventory in reactor 
storage until after 2035, when a significant number of reactors begin to shut down. 

• For Scenario 7 (see Figure ES-5), which has a 6,000 MT/yr nominal acceptance rate at the CSF, 
the 6,000 MT/yr rate can only be maintained for about 5 years; after that it drops quickly to 
3,000 MT/yr by 2044, and to 1,000 MT/yr by 2053.  This is due to transportation cask heat 
limits.  A 3,000 MT/yr rate, in contrast, maintains a relatively constant CSF receipt rate from 
2030 to 2052, and thereafter declines slowly to about 1,000 MT/yr in 2070.  In addition, as seen 
in Table ES-4 and illustrated in Figure ES-5, the high receipt rate drives up the CSF storage 
requirements to a maximum of 60,355 MT (4,920 casks), which is more than twice that of 
Scenario 1. 
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Table ES-4.  Summary of CSF Throughput Results. 

Scenario Maximum Storage at CSF  Last Year of CSF 
Storage1 

CSF Shutdown 
Date2 

Metric Tons Casks 

1 28,097 2,296 2077 2104 

2 37,911 3,071 2078 2106 

3 19,240 1,584 2057 2104 

4 15,733 (CSF-E) 

12,356 (CSF-W) 

1,289 (CSF-E) 
1,021 (CSF-W) 

2077 (CSF-E) 

2078 (CSF-W) 

2104 (CSF-E) 

2096 (CSF-W) 

5 43,045 3,491 2083 2104 

6 27,994 2,240 2078 2104 

7 60,355 4,920 2077 2104 

After this year, the CSF serves only as a repackaging facility for the repository 
        2 Date of last shipment to repository 

Figure ES-3.  UNF Throughput for Scenario 1 (Base Case). 

 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 
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Figure ES-4.  UNF Throughput for Scenario 3. 

 

 

Figure ES-5.  CSF Receipt Rate for Scenario 7 and Scenario 1 

 

 
 



Page 17 

 
COST AND SCHEDULE 
 
The schedule and life cycle cost for each scenario was analyzed using a six-phase Work Breakdown 
Structure (WBS) approach that considers: front end planning, licensing/authorization and design; 
procurement and construction of the CSF facilities (in three stages); transportation and facility 
operations; and eventual decommissioning.  Section 6.0 of the report provides details on the 
estimated life cycle costs including cost ranges, bases of estimates for costs focusing on the cost 
drivers and a more complete description of how the cost ranges were derived, and analyses of the 
scenarios.   
A summary of the pre-conceptual life cycle cost estimate for the six scenarios is provided in Table 
ES-5.   

 

Table ES-5.  CSF Facility Cost Comparisons : Scenarios 1 – 7 (Cost in 2012 $ M).  
WBS Cost Category Scenario1  Scenario 2  Scenario 3  Scenario 4  Scenario 5 Scenario 6 Scenario 7 

1.0 
Phase 0 : Front End 
Authorizations & Acquisitions 

$446.6 $621.1  $445.5  $747.3  $448.4  $519.1  $519.7 

2.0 
Phase I : Receive Canistered 
UNF in TSCs 

$58.5  $58.5  $58.5  $94.2  $58.5  $58.5  $58.5 

3.0 
Phase II : Receive Canistered 
UNF in TCs 

$67.7  $75.8  $60.3  $112.7  $80.0  $67.3  $661.9 

4.0 
Phase III : Receive Canistered 
& Uncanistered UNF 

$330.2  $330.2  $330.2  $440.3  $330.2  $330.2  $330.2 

5.0 
Phase IV : UNF System 
Operations 

$4,767.3  $5,056.8  $4,584.9  $4,819.6  $4,999.4  $6,727.3  $6,123.7 

6.0 
Phase V : CSF Deactivation & 
Decommissioning 

$289.8  $289.8  $289.8  $443.1  $289.8  $289.8  $289.8 

 TOTAL CSF Life Cycle $5,960.1  $6,432.7  $5,769.1  $6,657.2  $6,206.4  $7,992.1  $7,983.8 

 MT of Spent Fuel 129,318 129,318 129,318 129,318 129,318 129,318 129,318 

 Cost Per MT of Spent Fuel $46,089  $49,744  $44,612  $51,480  $47,993  $61,090  $61,802 

 
A summary analysis of these costs is as follows: 
 
Scenario 1:  The life cycle cost range (at this pre-conceptual stage) for the base case is estimated to 
be $4,839M to $11,215M, with a point estimate of $5,960M.  Major cost drivers include rail access 
design and construction, cask procurements, rail car procurements, transportation services, facility 
operations, and deactivation & decommissioning. 
 
Scenario 2: This represents an increase from the point estimate for the base case due primarily to 
higher rail car requirements as well as increases in the number of storage casks at the CSF to 
accommodate the higher maximum storage at the CSF. 
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Scenario 3: This represents a decline from the point estimate for the base case.  This is driven by 
the lower maximum acceptance rate which results in reduced rail car requirements, lower storage 
pad costs, and fewer storage casks to accommodate reduced maximum storage at the CSF. 
 
Scenario 4: This represents an increase from the point estimate for the base case.  Overall cost 
increases are driven by the higher aggregation of costs over the two CSFs, which is somewhat offset 
by lower costs for the individual components.  Further, costs for rail cars and casks remain 
essentially the same as for the base case, but there is a substantial drop in transportation costs due to 
the shorter transportation distances with two CSFs.   
 
Scenario 5: This represents an increase from the point estimate for the base case.  The main reason 
for this is to accommodate increased storage casks at the CSF as driven by the later repository 
acceptance date. 
 
Scenario 6: This represents a significant increase from the point estimate for the base case.  The 
main reason for this is to accommodate the acceptance of bare (uncanistered) UNF in transportation 
casks, which is mostly due to the increased requirements for storage canisters that will be needed to 
store the bare UNF on the pad.  In addition, there is some tradeoff between the base case and 
Scenario 6 regarding storage casks that are used for DPCs versus storage casks that are used for 
bare UNF storage canisters. 
 
Scenario 7:  This scenario represents a doubling of the maximum yearly acceptance rate.  The 
higher acceptance rate requires the procurement of additional rail cars and transportation casks 
while increasing operational costs for the high volume years. 
 

 
FRONT END REGULATORY AND LICENSING REQUIREMENTS 

 
Requirements for permitting hazardous or nuclear facilities are clearly identified in applicable local, 
state and federal law. These were used to compile all the requirements for siting, construction, and 
operation of CSF(s) from a county, state and federal perspective, and are addressed in detail in 
Section 7.0. 
 
State and local permitting requirements are well documented in prior studies. This report focuses on 
NRC licensing requirements for transportation and storage of UNF, as noted in the SOW.   
Key observations drawn from this work are that: 

 
• 10 CFR 72 can be used to regulate a Monitored Retrievable Storage facility, which the NWPA 

has a provision for, noting that the NWPA also contains a provision for authorizing the 
establishment of a Central Interim Storage Facility, which has expired. 

• 10 CFR 72 can be used to regulate the storage of GTCC, which will be received at the CSF and, 
as well as operating sites, is present at the shutdown sites and must be removed before these 
sites can be decommissioned. 

• Most UNF that would be received at the CSF would be expected to be packaged as a dual-
purpose (transportation and storage) system. 
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• The regulations concerning dry storage of UNF do not currently address storage for extended 
periods of time, i.e. in excess of 60 years.  It is likely that an application for a CSF would need 
to provide, just as leaving UNF at the reactor sites would do, a compelling technical basis in 
anticipation of the need to store the UNF for several hundred years rather than just a few 
decades. 

 
 
RESEARCH AND DEVELOPMENT OPPORTUNITIES 
 
Three main R&D opportunities were identified in this report; standardization of transportation 
casks, standardization of UNF canisters, and consolidation of fuel rods and are further discussed in 
Section 8. 
 
• Standardized Transportation Casks.  A recommended R&D project is to incentivize 

development of one cask design per vendor that could handle all of the canisters that vendor has 
licensed and sold.  With the innovative use of spacers, sleeves and other adjustments, the 
inventory requirements as well as the size and complexity of the cask maintenance facility could 
be significantly reduced. 

• Standardized UNF Canisters. The delay in developing a repository may create options for 
developing standardized canisters that were not viable if Yucca Mountain had been licensed.  
All of the Yucca Mountain operating schedules involved shipment of UNF directly to the 
repository from the utility sites.  Standardized canister approaches under that construct required 
packaging by utilities, which eliminated many options due to potentially negative impacts on 
utility operations.  With an operating CSF, transitioning to a standard canister design can be 
done away from the utility sites and that creates more opportunities for innovative solutions.   

• Rod Consolidation. An R&D project that demonstrates the reliability and potential operating 
throughput of a rod consolidation system using dummy assemblies would be a valuable first 
step.  Once complete, the loading of several standard HLW canisters with consolidated rods 
from high burn-up irradiated assemblies as part of the long term fuel storage R&D project 
would allow collection of valuable data to support rod consolidation. 
 

CONCLUSION AND RECOMMENDATIONS 
 
The key findings from the scenarios that were analyzed in this study are as follows: 
 
• The base case (Scenario 1) that was analyzed in this study resulted in a lifecycle point estimate 

of $5,960M (based on one CSF, stranded sites first, 3,000 MT/yr receipt rate, 2035 repository 
start).  All of the other scenarios considered resulted in increased cost, with the exception of 
Scenario 3.  The reduced cost for Scenario 3 is driven by the lower maximum acceptance rate 
which results in reduced rail car requirements, lower storage pad costs, and fewer storage casks 
to accommodate the reduced maximum storage at the CSF. 

 
• The combination of a 2,000 MT/yr acceptance rate and a 3,000 MT/yr shipment rate from the 

CSF to the repository results in a smaller CSF storage buildup, followed by a rapid draw down 
of the CSF storage inventory once shipment to the repository begins (Scenario 3).  The benefit 
of this scenario is that that it cleans up the shutdown sites and keeps up with annual discharges 
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from operating sites thereby avoiding additional utility storage costs. It also has the benefit that 
the CSF design has to provide storage for less than 20,000 metric tons, which reduces CSF 
costs.  However, the 2,000 MT/yr shipment rate, while it stops the accumulation of UNF at 
currently operating reactor sites (and the increase in reactor storage costs), does not reduce the 
inventory in reactor storage until after 2035, when a significant number of reactors begin to shut 
down. 

 
The team developed the following recommendations to support the project’s success based on cost, 
logistical, and operational requirements: 
 
• As only a limited number of scenarios could be analyzed within the time available for this task, 

further work is recommended to analyze additional scenarios in order to optimize the logistics 
and cost for the CSF.  

• A survey and site visits to update transportation infrastructure data at shipping sites, and for the 
connections between shipping sites and a CSF was beyond the scope of Task Order 11, but 
should be a high priority future project. 

• Logistics analyses using tools such as the TSM, coupled with planning and life cycle costing 
tools are an essential part of preparing for and planning the consolidation of UNF.  However, it 
is important that these tools be used with input from technical experts in areas such as reactor 
operations, UNF storage, and transportation logistics, in order to address gaps and anomalies 
and identify improvements.  

• Recommendations are provided within this report for dealing with canister systems that are 
currently in storage, but are not licensed for transport, including a recommendation that 
development of strategies and detailed proposals for transporting the contents of these types of 
canisters is a project that may warrant more detailed study (see section 4.3.4, Table 4-5). 

• The availability and capacity of ASME Section III fabricators (for transportation casks) changes 
regularly with ups and downs in the industrial demand for pressure vessels and should be 
tracked closely beginning six years before the first shipment.  
 

R&D recommendations (see Section 8.0) have been identified for the following topics:  
standardized transportation casks, standardized UNF canisters, and rod consolidation.  

In conclusion, the EnergySolutions team was tasked with providing DOE with industry experience 
and input on viable concepts for the consolidation and storage of commercial UNF.  As can be seen 
in this report, there is not a “one size fits all” solution to addressing the consolidation and storage of 
commercial UNF.  However, by addressing the problem through the practical and cost-effective 
steps and staged approach documented in this report, a solution can be implemented.  
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Acronyms 
 
AAR  Association of American Railroads 
ADAMS (NRC) Agency-wide Documents Access and Management System 
ALARA As Low As Reasonably Achievable 
AMP  Aging Management Plan (for UNF) 
ARRA  American Reinvestment and Recovery Act 
ASME  American Society of Mechanical Engineers 
BRC  Blue Ribbon Commission 
BWR  Boiling Water Reactor 
CFF  Cask Fabrication Facility 
CFR  Code of Federal Regulations 
CO  Canister Opening Station 
CoC  Certificate of Compliance 
CM  Cask Maintenance 
CRP  Contingency Response Plan (for the CSF) 
CRWMS Civilian Radioactive Waste Management System 
CSF   Consolidated Storage Facility 
CSNF  Commercial Spent Nuclear Fuel 
CTM  Canister Transfer Machine 
D&D  Decontamination and Decommissioning 
DHS  Department of Homeland Security 
DOC  Decommissioning Operations Contractor 
DOE  Department of Energy 
DOT  Department of Transportation 
DPC  Dual Purpose Canister  
EPRI  Electric Power Research Institute 
FAST  Function Analysis System Technique 
FedCorp Federal Corporation proposed by BRC to build and operate CSFs 
FIDS  Facility Interface Data Sheets 
FMF  Fleet Management Facility (for TSM) 
FRA  Federal Railroad Administration 
FTE  Full-Time Equivalent 
GIS  Geographical Information System 
GISF  General Interim Storage Facility 
GROA  Geologic Repository Operations Area 
GTCC  Greater Than Class C 
HH  Heavy Haul 
HLW  High-level Waste 
HMEP  Hazardous Materials Emergency Preparedness 
HRM  Highly Radioactive Material 
IAW  In Accordance With 
INL  Idaho National Laboratory  
IS  Initial State 
ISFSI  Independent Spent Fuel Storage Installations 
ISG  Interim Staff Guidance document (used by NRC) 
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LA  License Application 
LLW  Low-Level Waste 
LSA  Low Specific Activity 
LTP  License Termination Plan 
MCO  Multi Canister Overpack 
MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual 
MERRTT Modular Emergency Response Radiological Transportation Training 
MFD  Mechanical Flow Diagram 
MGR  Monitored Geologic Repository 
MHD  Mechanical Handling Diagram 
MOU  Memorandum of Understanding 
MPC  Multi-Purpose Canister 
MRS  Monitored Retrievable Storage (of SNF) 
MSARSAME Multi-Agency Radiation Survey and Assessment of Materials and Equipment 
MT  Metric Ton 
MTU  Metric Ton of Uranium 
NNSS  Nevada National Security Site (formerly Nevada Test Site) 
NPP  Nuclear Power Plant 
NPR  Northwestern Pacific Railroad 
NPRM  NRC Notice of Proposed Rulemaking 
NRC  U.S. Nuclear Regulatory Commission 
NUREG NRC Regulation 
NWPA  Nuclear Waste Policy Act 
OCRWM Office of Civilian Radioactive Waste Management  
OFF  Oldest Fuel First 
PA  Protected Area (of the CSF) 
PCBs  Polychlorinated Biphenyls 
PFS  Private Fuel Storage 
PHMSA Pipeline and Hazardous Materials Safety Administration 
PPE  Personal Protective Equipment 
PRF  Pool Repackaging Facility 
PTC  Pool Transfer Cask 
PS  Preparation Station 
PSP  Physical Security Plan 
PWR  Pressurized Water Reactor 
RAP  Radiological Assistance Program 
RCRA  Resource Conservation and Recovery Act 
RESRAD Residual Radioactivity code 
RM  Radioactive Material 
SC  Storage Cask 
SEE  Systems Engineering Evaluation 
SER  Safety Evaluation Report (used by the NRC) 
SFTM  Spent Fuel Transportation Machine 
SGI  Safeguards Information 
SNF  Spent Nuclear Fuel (used interchangeably in this document with UNF) 
SOW  Statement of Work 
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SRS  Savannah River Site 
TC  Transportation Cask 
TEPP  Transportation Emergency Preparedness Program 
TLAA  Time Limiting Aging Analysis 
TSC  Transportable Storage Cask 
TSM  Total System Model 
TSMPP Total System Model Preprocessor 
TTCI  Transportation Technology Center, Inc. 
UFD  Used Fuel Disposition 
UNF  Used Nuclear Fuel (used interchangeably in this document with SNF) 
VCC  Vertical Concrete Cask 
WA  Waste Acceptance 
WAST  Waste Acceptance, Storage and Transportation 
WBS  Work Breakdown Structure 
WH  Waste Handling 
WHF  Wet Handling Facility 
WIPP  Waste Isolation Pilot Plant 
YMP  Yucca Mountain Project 
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1.  INTRODUCTION 
 
On July 2, 2012, under the Department of Energy (DOE) Advisory and Assistance Service contract, 
an integrated team headed by EnergySolutions was awarded Task Order 11:  Development of 
Consolidated Storage Facility Design Concepts, which seeks industry experience and input on 
viable concepts for the consolidation and storage of commercial used nuclear fuel (UNF). 
 
The driver for Task 11 can be found in the Blue Ribbon Commission (BRC) Report on America’s 
Nuclear Future, January 2012.  The BRC recommended a strategy, which consists of eight key 
elements, one of which is specific to the work scope requested under Task Order 11. 
 

• Prompt efforts to develop one or more consolidated storage facilities. 
 
“Developing consolidated storage capacity would allow the federal government to begin the 
orderly transfer of spent fuel from reactor sites to safe and secure centralized facilities 
independent of the schedule for operating a permanent repository.  The arguments in favor 
of consolidated storage are strongest for “stranded” spent fuel from shutdown plant sites.” 

 
The EnergySolutions team assembled for this task consists of the following members: 
 

• EnergySolutions - Full nuclear fuel cycle company with interests in Federal and commercial 
nuclear waste treatment, clean-up and disposition, nuclear reactor and legacy facility 
decommissioning, UNF treatment, storage and disposition, and UNF recycling. 

• NAC International - Specialties include nuclear materials transport, and spent fuel storage 
and transport technologies.  NAC has provided transportable UNF storage canisters and 
casks for a significant proportion of the commercial nuclear reactor utilities in the U.S. 

• Exelon Nuclear Partners - A business unit of Exelon Generation.  Operates 17 nuclear units 
and two retired units, with 8 Independent Spent Fuel Storage Installations (ISFSIs) at both 
BWR and PWR sites.  Maintains over 10,000 MTU of UNF in pool storage and has moved 
over 2,100 MTU of UNF into nearly 200 dry cask systems.   

• Sargent & Lundy - A full service architect-engineering company (founded 1891) that has 
provided nuclear engineering and design services since the 1940s.  Designed 32 nuclear 
units (incl. PWR & BWR) and currently serves 101 operating units in the US and 9 in 
Canada. 

• Talisman International - A consulting company specializing in nuclear regulatory issues, 
covering safety and security of nuclear facilities, regulation and classification of nuclear 
facilities and the wastes they produce. Talisman has a number of senior ex-NRC people on 
its staff. 

• TerranearPMC - A Small Business Administration 8(a) company which provides 
environmental remediation, environmental compliance and radiological waste management 
services for a diverse set of federal clients in the nuclear field. 
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• Booz Allen Hamilton - A technology and strategy consulting company with extensive 
experience in performing economic analysis and risk management assessments, and 
developing strategic plans and business models for nuclear industry vendors and utilities. 
 
 

2.  PURPOSE AND SCOPE 
 
The purpose of this report is to document the Consolidated Storage Facility (CSF) design concept 
developed by EnergySolutions and its team partners:  NAC International, Exelon Nuclear Partners, 
Sargent & Lundy, Talisman International, TerranearPMC and Booz Allen Hamilton, hereafter 
referred to as “the team”. 
 
The Task Order 11 Statement of Work (SOW) provided by the DOE identified the following 
general requirements. 
 

• The concept must address all activities required to take the commercial used nuclear fuel 
from its current location and configuration, transport it to a location of consolidated storage, 
prepare the fuel as needed and place it in storage, and address the subsequent facility storage 
operations and maintenance. 

• Consideration must be given to the fact that DOE is evaluating various geologic media for 
eventual disposal and that there is a need to be flexible with respect to final waste packaging 
scenarios for disposal. 

• Defense nuclear waste, DOE UNF , and Naval Nuclear Power Propulsion used nuclear fuels 
are not included in this study.   

• The CSF will not be part of a DOE facility, will be constructed in accordance with industry 
standards, and must be licensed by the Nuclear Regulatory Commission (NRC).   

• It is anticipated that construction of the facility would begin before the end of the current 
decade; most likely in 2018 to 2020 and it is anticipated to be operational for a period of 100 
years. 

• Using the information compiled by DOE on current commercial used nuclear fuel storage, 
as well as other available information and experience, the contractor shall develop a systems 
concept that addresses a complete process for taking the commercial fuel from its current 
storage mode and configuration; the preparation and transportation of that fuel to a 
consolidated storage site; the handling and additional packaging, where required; and the 
subsequent storage, operations and maintenance of the consolidated storage facility.   

The terms “used nuclear fuel” (UNF) and “spent nuclear fuel” (SNF) are used interchangeably in this document. Spent nuclear fuel 
is an historic term, which by name implies that the nuclear fuel is “spent” after removal from a reactor, and is therefore a waste 
material.  This term is used in the NRC regulations pertaining to this study and in many older reports and studies.  Used nuclear fuel 
is a more recent term, and by name implies that the fuel, after removal from the reactor, may have further use (i.e., be reprocessed 
and the extracted fissile material reused in new fuel).  For the purposes of this study the two terms are identical. 
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• The systems concept shall consider life cycle cost and ease of decommissioning (D&D) the 
facility at end-of-operations.   

• The systems concept shall propose the consolidated storage type(s) (wet, dry, vault, pad, 
module, etc.) for all commercial fuel received. 

• A discussion of the ability to expand storage over time shall also be included. 

• Assumptions or limitations on fuel age (radiation levels/heat) must be identified for the 
proposed facilities, operations or storage systems. 

• The study must identify all facilities required (e.g., cask handling, hot cells, storage, etc.) 
and estimated staffing to implement the concept.  Where possible, the study should address 
potential opportunities to optimize designs for operational and cost efficiencies. 

• A cost range shall be developed for the concept, and shall include an estimate of capital 
costs, operational costs and total lifecycle costs (through the D&D) per unit of spent fuel. 

• Tradeoff analyses shall be presented which support the concept’s selection of single or 
multiple storage configurations for the facility. 

• The contractor must provide a high level schedule for the implementation of their concept. 
 
In addition to the requirements above, the SOW also provided requirements in the following areas: 
 

• Engineering and Systems Analysis 
• Project Planning Considerations 
• Security Considerations 
• Transportation 
• Research and Development (R&D) Needs 

 
To meet the requirements of Task 11, the team implemented a four step approach, in order to 
develop a preferred systems concept.  The four steps are:  
 

• Step 1 – Options Identification, Evaluation and Selection 
• Step 2 – Development of Selected Options 
• Step 3 – Selection of Preferred Systems Concept 
• Step 4 – Finalization of Preferred Systems Concept 

 
This report documents the output from this approach, and is structured as follows: 
 

• Section 3.0, Systems Engineering Approach, outlines the process used to develop a 
systems concept for consolidation of UNF. 

• Section 4.0, Description of Preferred Systems Concept, describes the overall CSF 
concept, including consolidation of UNF from shutdown sites, transportation planning, 
security requirements, secondary waste generation, and decommissioning considerations. 
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• Section 5.0, Total System Model, describes the logistics modeling that was done to analyze 
the systems concept.  This section provides the modeling assumptions, operating scenarios 
and analysis results. 

• Section 6.0, Project Planning and Life Cycle Cost, provides schedule and cost information 
for the systems concept with consideration for different scenarios. 

• Section 7.0, Front End Regulatory and Licensing Requirements, addresses the 
authorizations that are needed to design and construct a CSF. 

• Section 8.0, Research and Development Needs, outlines areas that should be developed 
further in support of the systems concept. 

• Section 9.0, Conclusions, provides the key findings and recommendations from the study. 
 

To provide a starting point for Task 11, a complete listing of all operating sites and shutdown sites 
in the U.S. is shown in Table 2-1 and 2-2.  These tables show the approximate amounts of UNF 
stored at each site and identify the amounts in both wet (pool) storage and in dry (cask) storage. 
This information is extracted from the Total System Model which was used for the analysis 
presented in this report and which is fully described in Section 5. The TSM was originally 
developed for the Yucca Mountain Project and has been modified for use in this Task Order 11 
work to allow for movement of UNF to a CSF.  The processes for handling the UNF at the 
operating sites and preparing it for offsite transport, and the transport operations themselves, are all 
covered for this report by running the TSM as described in Section 5.  This section also analyzes the 
effects of various CSF capacities and UNF retrieval scenarios on the reactor sites, and the transport 
infrastructure required. For the retrieval of UNF from the operating sites, it is assumed that adequate 
infrastructure is in place to allow handling of the UNF and transfer of it, as required, from storage to 
transportation casks. For the shutdown sites, however, it is recognized that it is less likely that 
adequate infrastructure still exists for handling the “stranded fuel” located there. Therefore special 
attention has been paid to the requirements for recovery of this stranded fuel from each of the nine 
shutdown sites. 
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3.  SYSTEMS ENGINEERING APPROACH 
 
As outlined in the Technical Proposal submitted to DOE on July 4, 2012, the intent was to follow 
a four-step approach, in order to develop a systems concept, which addresses the complete 
process required to move UNF from its current locations and configurations, transport it to a 
CSF, prepare the fuel as needed, place it in storage, and operate and maintain the CSF.  
However, as is expected when undertaking pre-conceptual design work, new ideas, alternative 
approaches and key decisions arise, which have to be considered and appropriate adjustments 
made to how the task is completed.  This was the case for Task 11 where the work was 
effectively completed in the three steps described below, with the originally planned Steps 3 and 
4 being integrated into one step.  Figure 3-1 shows the logic diagram of the systems engineering 
approach.

Figure 3-1.  Logic Diagram Showing Systems Engineering Approach.  
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3.1  STEP 1 
 
A facilitated workshop was held from August 7 to August 9, 2012, which was attended by 
representatives from each company within the team.  It was preceded (subsequent to the award of 
Task 11 on July 3, 2012) by a period of work to gather, research and develop information 
pertinent to the task, develop a draft Function Analysis System Technique (FAST) diagram, 
develop a draft objective statement, and develop draft screening criteria, evaluation criteria and 
weighting factors.  A description of the workshop results is provided in Appendix B and the key 
outputs from the workshop are  
 

• For each of the shutdown sites an approach to transfer the UNF (stranded fuel) from 
storage to a transport cask was decided.  There are three preferred approaches, depending 
on the site: 

- Where the Dual Purpose Canister (DPC) is already stored in Transportable 
Storage Casks (TSCs) no specific onsite action is required (specific to Humboldt 
Bay); 

- Where the DPC is stored in vertical storage casks, a stationary transfer cask 
arrangement (a design previously used at the Trojan site) will be used to vertically 
transfer the canister fuel from the storage cask to the transport cask, 

- Where the DPC is stored either in a horizontal or vertical storage system, and is 
transferred horizontally into a transportation cask. 
 

• The chosen approaches for the shutdown sites formed the basis for subsequent work to 
develop each approach into a design concept. 
 

• For the operating reactor sites, existing infrastructure will be used to handle the UNF, and 
the TSM model (see Section 5.0) will be used to analyze various scenarios for its 
movement to the CSF. 
 

• For the CSF, five options (out of a total of ten that were initially identified – see 
Appendix B) were selected and screened in during the options identification and 
screening process. These options were: 

 Option 1A - Store UNF in canisters in above-grade storage casks.  Use a pool or 
hot cell for remediation/repackaging. 

 Option 3 – Receive TSCs (Hi-Star or TN-32/40/68) and store as is 

 Option 6 – Receive bare fuel and package, via pool or hot cell, into canisters and 
place in storage casks. 

 Option 7 – Receive bare fuel and transfer, via pool or hot cell, into uncanistered 
storage only casks.  This option will require that the fuel be repackaged to be 
transferred to a repository. 
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 Option 10 – Store UNF in canisters in above grade storage casks.  No pool or hot 
cell is provided at the CSF and this option assumes that uncanistered fuel is 
handled at the geologic repository or an existing nuclear facility with a pool. 
 

• The team decided that rather than evaluate and rank the five CSF options, it made better 
sense to use these options and assemble a staged approach to the consolidation of UNF.  
All of the options represented viable solutions, but not all are needed on day one of 
operations, and instead a staged approach to setting up and running the CSF can usefully 
be adopted. 
 

• This staged approach to construction and operation of the CSF consists of the following 
major stages. 

- UNF Consolidation Stage 1 - Construct a storage pad and rail receipt interface, 
then transport UNF from Humboldt Bay (UNF and Greater Than Class C (GTCC) 
waste is stored in six TSCs) to the CSF.  This activity could commence while the 
remainder of construction of the CSF is being completed, as the TSCs will be 
received and moved directly to a storage pad.  In addition, UNF that is stored in 
TSCs at several operating sites (Surry, Prairie Island, Peach Bottom, North Anna, 
Hatch, Dresden, and McGuire) would also be received and stored at the CSF in 
this phase.  This stage could address 210 casks and approximately 2780 metric 
tons (MT). 

- UNF Consolidation Stage 2 - Complete construction of the CSF canister 
handling (receipt and transfer) facilities and supporting facilities/infrastructure.  
Consolidate remaining (canistered) fuel at existing shutdown sites and ship to the 
CSF (at a rate of 400 MT, 800 MT, 1,200 MT and 1,200 MT each successive 
year). This will address the 3,600 MT currently stored at shutdown sites over the 
first four years of CSF operation (including Oyster Creek which will shutdown in 
2019).  Canisters received at the CSF will be transferred into storage casks.  This 
stage of consolidation would include canisters of GTCC waste from the shutdown 
sites. Upon completion of the consolidation of the UNF from the shutdown sites, 
DPCs in storage at operating facilities would be transferred to the CSF. 

 UNF Consolidation Stage 3 - Construct and bring on-line a hot cell or transfer 
pool for bare UNF packaging and the repackaging of canistered UNF.  Because 
this stage would come after addressing the currently dry stored UNF from the 
shutdown sites and the operating sites, there is not an immediate need for the CSF 
to have a pool or a hot cell.  

 Deactivation and Decommissioning Stage 4 – Complete deactivation and 
decommissioning (D&D) of the CSF site once all the UNF has been exported to a 
repository. 

 
An overview of the process is shown graphically in Figure 3-2. 
 
Associated with the staged approach and for use during work on Task 11, the team identified the 
following key points: 
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• Project planning and throughput rates need to account for sites that will be 

shutdown during the licensing, construction and operation of the CSF. 
 

• Results from discussions with operating utilities indicate that carefully planned 
campaigning of pick-ups from utilities can result in savings.  This wasn’t 
addressed in this task, but this opportunity is highlighted in this report.  
Significant cost savings can be achieved from an operational perspective as well 
by minimizing the disruption and the costs associated with using the rail corridor.  
 

• For shutdown sites, there are costs associated with maintaining transportation 
corridors and thus, these sites should be grouped according to their transportation 
corridors/regions. 
 

• The throughput rate for the Yucca Mountain facility was 3,000 MT per year and 
was intended to draw down on the stored UNF at reactor sites, noting that ~ 2,000 
MT of UNF is generated annually.  On this basis, it was agreed that the CSF 
should be designed to accommodate a nominal rate of 3,000 MT per year.  A 
lower receipt rate (2,000 MT per year) was analyzed as part of this task to 
evaluate system impacts. 

 
The team agreed to develop and analyze all of the CSF options during Steps 2 and 3 and at the 
conclusion of Step 3 to down-select between the hot cell and pool options and determine which 
one to include in the preferred systems concept. 
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3.2  STEP 2 
 

Step 2 commenced upon completion of the Step 1 workshop and focused on 1) developing the 
identified shutdown site approaches for retrieving stranded UNF and 2) the CSF options for 
consolidating UNF from the shutdown sites and operating sites.  The work performed focused on 
the following main areas: 
 

• Development of design concept documents for the shutdown sites and the CSF.  These 
documents included mechanical flow diagrams and mechanical handling diagrams. 
 

• Development of Front-end Capability for the staged approach detailed above. The team 
identified a number of front end authorizations and long term planning and procurement 
activities that are required to construct and operate the CSF.  A process flow chart was 
developed to capture the time-phased front-end activities, which included: 

 Licensing 

 Design 

 Transportation/Routing 

 Emergency Planning 

 Security Plan 

 Design, testing and procurement of rail cars 

 Lead time for casks 

 Standard Contract changes 

 Changes to Nuclear Waste Policy Act 

 DOE decision to prioritize shutdown sites 

 Critical Decisions 
 

• Development of an Assumptions and Scenarios document for the TSM (see Section 5.2).  
Key assumptions identified were: 

 No new reactors are included in the TSM database . 

 The CSF will operate as a gateway to the geologic repository for the following 
reasons: 

 It is expensive to build and operate a pool and thus it needs to be used as 
much as possible.  Having pools at both the CSF and the repository is not 
a cost effective solution. 

 Assuming that the CSF has a pool is the most conservative approach for 
life cycle cost purposes. 

 Heat limits for transport of UNF are more onerous than those for dry storage and 
are the limiting factor when it comes to determining how quickly fuel can be 
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shipped after it is out of the reactor.  The target period before transporting UNF 
should be 15-20 years after the fuel is out of the reactor. 

 The start date for the CSF is 2022 for TSCs and 2025 for DPCs.  Both of these 
dates were selected based on the estimated time it would take to complete front- 
end authorizations, acquisitions, and construction activities (see Section 7) and 
implement the staged ramp-up of the CSF capability,(i.e., the Consolidation 
Stages described in section 3.1) 

 Potential start dates for the repository were selected as 2035 and 2040, noting that 
these are best guesses.  The 2040 date was chosen to analyze the impact of a five 
year delay in starting the repository.  

 
3.3  STEP 3 

 
Based on the results of the Step 1 workshop, the original intent of Step 3 was to perform logistics 
analysis and simulation using the TSM and, using the results in combination with the design 
concept documentation developed during Step 2, perform a down-select between the CSF pool 
and hot cell options.  Upon completion of the down-select, the team would then have entered into 
Step 4 to finalize the preferred systems concept.  In early October 2012, the team decided that, 
based on a review of the pros and cons of a hot cell versus a pool, the preferred systems concept 
would be based on a pool for bare fuel packaging and canister repackaging.  The justifications 
for staying with the pool approach include the following reasons. 
 

• The team has experience with using pools for this purpose. 
  

• The experience from the team members indicated that handling fuel in a pool is a more 
established approach in the U.S. than doing so in a hot cell. 

 
• With a pool, there are no issues associated with fuel/air phase caused by holes in the 

cladding of damaged fuel (see Section 4.2.3.1 for a description of this issue). 
 

• Recovery of damaged fuel has previously been performed in pools, noting that the basis 
of design for the Yucca Mountain facility assumed that 4% of assemblies would be 
damaged. 
 

• If mechanical handling equipment fails in a hot cell during manipulation of bare fuel, 
problems arise for recovery and repair of the equipment (i.e. due to dose and 
contamination) that do not occur in the use of a pool. 

 
With the decision made to proceed with a pool for the CSF, the originally planned Step 3 and 
Step 4 were merged into one step (“Step 3”). The team completed work on the preferred systems 
concept, which included producing performance data from the TSM which was evaluated by the 
team and, utilizing the team’s expertise, addressed gaps and anomalies and implemented 
improvements.  Examples of improvements include:  optimization of the queue for the shutdown 
sites acceptance rate, sizing and quantification of systems, structures and components for the 
CSF, and transport cask (including skids, impact limiters and personnel barriers) and special 
purpose rail car capacity planning and procurement.   
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4.  DESCRIPTION OF PREFERRED SYSTEMS CONCEPT  

 
This section describes the preferred systems concept that was produced by applying the systems 
engineering approach described in Section 3.0.   Section 4.1 describes the methods identified for 
retrieving DPCs from shutdown reactor sites; Section 4.2 describes the concept for the CSF, 
which includes the facilities required and a staged approach for constructing the facilities; 
Section 4.3 describes the transportation arrangements necessary to ship UNF to the CSF; Section 
4.4 describes CSF security program requirements; Section 4.5 addresses secondary waste 
generation at the CSF; and Section 4.6 addresses design considerations to support the eventual 
decommissioning of the CSF. 
 
For the retrieval of UNF from the operating sites, it is assumed that adequate infrastructure is in 
place to allow handling of the UNF and transfer of it, as required, from storage to transport 
casks. The processes for handling of UNF at the 66 operating sites and getting it prepared for 
offsite transport, and the transport operations themselves, are addressed by using the TSM, as 
described in Section 5.  For the shutdown sites, however, it is recognized that it is less likely that 
adequate infrastructure still exists for handling the stranded fuel located there. Therefore, special 
attention has been paid to the requirements for recovery of this stranded fuel from each shutdown 
site. 
 
4.1  UNF RETRIEVAL FROM SHUTDOWN SITES 
 
There are currently eight shutdown (decommissioned) reactor sites with Independent Spent Fuel 
Storage Installations (ISFSIs) that store DPCs in dry storage systems, and one shutdown site 
(Zion) that will have DPCs in dry storage by the time the CSF is in operation..  Figure 4-1 shows 
an example of a dry storage system at Haddam Neck (Connecticut Yankee) site. Some of these 
sites also store GTCC waste in storage casks.  The only ongoing activity at these sites involves 
providing safety and security for the dry storage systems, and therefore these sites do not 
currently have all of the equipment and infrastructure required to support DPC retrieval.  
Table 4-1 provides a summary of the storage systems used at each of the shutdown sites.   
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Figure 4-1.  Haddam Neck (Connecticut Yankee) ISFSI 

 
 
 

Table 4-1.  Storage Systems at Shutdown Commercial Reactor Sites. 

Site State Storage System 
Storage 

Configuration 

Number of 
Casks Stored 

Onsite1 

Rancho Seco  California NUHOMS 24 Horizontal 22 (1) 

Trojan  Oregon HI-STORM 24 Vertical 34 (1) 

Haddam Neck  Connecticut NAC MPC 26 Vertical 43 (3) 

Yankee Rowe Massachusetts  NAC MPC 36 Vertical 16 (1) 

Zion   Illinois NAC MAGNASTOR 37 Vertical 65 (4) 

Maine Yankee  Maine NAC UMS 24 Vertical 64 (4) 

Big Rock Point   Michigan FUELSOLUTIONS W150 Vertical 8 (1) 

Humboldt Bay California  HI-STAR HB Vertical 5 (0) 

La Crosse Wisconsin  NAC UMS 89 Vertical 5 (1) 

Total    263 (16) 

Note 1:  Values in parentheses are the number of casks, within the overall number of casks, containing GTCC waste 
Note 2:  Zion has only pool storage at present, but all UNF will be in dry storage but the time the CSF is in operation. 
Number of cask are projected 
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A number of DPC retrieval methods were identified and evaluated as part of this study.  This 
resulted in four methods being selected as the most practical options for DPC retrieval and 
transportation to the CSF, as follows:  
 

• Method 1: Transportable Storage Cask Transfer 
• Method 2: Horizontal Transfer, using a horizontally oriented transfer cask 
• Method 3: Horizontal Transfer using a down-ended vertical storage cask 
• Method 4: Stationary Shielded Transfer 

 
Method 1 - Transportable Storage Cask Transfer 
This method applies to DPCs currently stored in casks that are also licensed for transportation 
and involves using a mobile crane to transfer each TSC from its storage location onto a suitable 
transportation system.  This was identified as a suitable approach for retrieving DPCs at the 
Humboldt Bay site, which stores HI-STAR HB storage and transportation casks.  The operating 
steps and equipment required to perform this cask transfer method are described in the 
Mechanical Flow Diagram (MFD) and Mechanical Handling Diagram (MHD) provided in 
Figures A-1 and A-2, respectively (see Appendix A).   
 
Methods 2 and 3 - Horizontal Transfer  
Two canister transfer methods are available for retrieving DPCs that can only be transferred in a 
horizontal orientation.  The first horizontal transfer method (Method 2) involves using a 
horizontally-oriented transfer cask to transfer a DPC to or from a stationary dry storage module 
(see Figure 4-2).  The transfer cask also serves as the transportation overpack for moving the 
DPC to the CSF.  This was identified as a suitable approach for retrieving DPCs from the 
Rancho Seco site, which uses the NUHOMS horizontal modular storage system.  The operating 
steps and equipment required to perform this canister transfer method are described in the MFD 
and MHD provided in Figures A-3 and A-4, respectively (see Appendix A).   
 
The second horizontal transfer method (Method 3) involves down-ending a vertical storage cask 
to a horizontal orientation and transferring the DPC to a horizontally-oriented transportation cask 
(see Figures 4-3 and 4-4).  This was identified as a suitable approach for retrieving DPCs from 
the Big Rock Point site, which already has the equipment required to perform this method.  The 
operating steps required to perform this canister transfer method are described in Figure A-5 (see 
Appendix A). 
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Figure 4-2.  Horizontal Canister Transfer – Rancho Seco. 
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Figure 4-3.  Down-ending the Storage Cask - Big Rock Point.  

 
 

Figure 4-4.  Horizontal Canister Transfer - Big Rock Point. 
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Method 4 - Stationary Shielded Transfer   
This method is based on a canister transfer system that has been used successfully at the Trojan 
ISFSI in Oregon (see Figure 4-5).  This method uses a stationary structure that supports a 
shielded transfer cask.  A storage cask containing a DPC is positioned under the shielded transfer 
cask and the DPC is hoisted from the storage cask into the shielded transfer cask.  The storage 
cask is then moved out and a transportation cask is then positioned under the shielded transfer 
cask and the DPC is lowered into the transportation cask. The operating steps and equipment 
required to perform this canister transfer method are described in the MFD and MHD provided 
in Figures A-6a, A-6b and A-7 (see Appendix A).  This was identified as a suitable approach for 
retrieving DPCs at the remaining shutdown sites as follows: 
 

• Trojan 
• Haddam Neck 
• Yankee Rowe 
• Zion 
• Maine Yankee 
• La Crosse 

 

Figure 4-5.  Canister Transfer System at Trojan, OR. 
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4.2  CONSOLIDATED STORAGE FACILITY CONCEPT 
 
The proposed concept for the CSF involves ramping up the UNF handling capabilities over three 
stages, which are summarized as follows:  
 

• Stage 1 – Receipt of TSCs only.  This provides early capability to start consolidating 
UNF as only a limited amount of infrastructure is needed for receipt and transfer of 
TSCs to a storage pad.  During this stage, TSCs would be received from the 
Humboldt Bay shutdown site and seven operating sites that use at least some TSCs 
(see Tables 2-1 and 2-2).  
 

• Stage 2 – Addition of canister transfer capability.  This provides the facilities and 
infrastructure needed to transfer DPCs from transportation casks into dry storage 
casks.  Priority would be given to DPCs from the remaining shutdown sites, followed 
by DPCs from operating sites. 
 

• Stage 3 – Addition of UNF repackaging capability.  This provides the facilities and 
infrastructure needed to repackage UNF assemblies into disposal canisters that are 
suitable for final geologic disposal.   The degree of repackaging capability needed 
will vary (e.g., bare fuel casks only versus DPCs and bare fuel casks) and will depend 
on future decisions about how to integrate final disposal canisters into the total waste 
management system.  However, the proposed concept describes the capabilities 
needed for repackaging UNF from both bare fuel casks and DPCs. 

 
Using this staged approach, the capital cost is spread out and allows time for a decision to be 
made on the final geologic repository location and, accordingly, provides time to identify final 
disposal canister requirements.  However, if a decision is made to receive bare UNF from 
reactors, or disposal requirements are determined early, such as by identifying a suitable generic 
disposal canister, UNF repackaging capabilities could be provided earlier during Stage 2.   
 
It should be noted that the completion of Stages 1 and 2 in parallel, coupled with a storage 
capacity of 2,800 MT, which will accommodate UNF stored at the shutdown reactor sites, 
represents the pilot interim storage facility described in the January 2013 DOE report, titled 
“Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level Radioactive 
Waste”.  Expanding the storage capacity to 30,000 to 40,000 MT and implementing Stage 3, 
which increases the receipt rate to 3,000 MT/yr, represents the larger consolidated interim 
storage facility described in the same report. 
 
The CSF concept is described in more detail below.  A facility site plan is shown in Figure A-8 
(see Appendix A).  This concept is based on the facilities needed if UNF is consolidated at a 
single CSF site.  If more than one CSF site is selected, the facilities and handling capability at 
each site would be scaled accordingly to meet throughput requirements at each site. 
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4.2.1  Stage 1 - TSC Receipt 
 
The initial stage for the CSF involves receipt of TSCs from the Humboldt Bay shutdown site, 
and the seven operating sites that use TSCs.  This will require a limited amount of infrastructure 
as the operations will only involve transferring the TSCs to a storage pad.  This will include: a 
security station, rail interface and rail buffer for receipt of cask shipments; mobile lifting 
equipment to handle the TSCs (e.g., a mobile crane and a nuclear cask transporter, known as a 
“crawler”); and a storage pad with capacity for up to 224 TSCs.  Administrative facilities will be 
required for site staff (mobile/prefabricated structures), and site security arrangements will need 
to be in place.  
 
4.2.2  Stage 2 - Canister Transfer Capability 
 
This stage introduces the capability to transfer DPCs from transportation casks into dry storage 
casks, and vice-versa, if required.  This concept includes a Canister Transfer Facility, a Cask 
Fabrication Facility, an Administration Building, and expanded storage capacity for up to 3,000 
storage casks. 
 
A number of horizontal dry storage systems will be provided on the storage pad for DPCs that 
can only be removed from their transportation casks in a horizontal orientation.  These canister 
transfer operations will be performed on the storage pad using the method shown in Figure 4-2. 
 
4.2.2.1.  Canister Transfer Facility.  The concept for this facility is a pre-engineered metal 
building (i.e. Butler) that contains all of the equipment required to perform canister transfer.  The 
layout for this facility is shown in Figure A-9 and the process is described in the MFD and MHD 
in Figures A-10 and A-11 (see Appendix A).  The following components are included in the 
Canister Transfer Facility. 
 

• Overhead bridge crane.  A single-failure-proof crane is provided over the rail receipt 
area to lift the transportation cask and upend it to a vertical orientation prior to placing it 
on a transfer cart.  The crane also transfers the transportation cask to a cask maintenance 
platform after the DPC has been removed from the cask, and places the transportation 
cask back on the railcar for shipment back to the UNF source location for reuse, if 
possible. 
 

• Transfer carts.  Transfer carts are used to accurately position the transportation casks 
and storage casks at the lid access platforms and underneath the canister transfer 
machines.  These also provide seismic restraint for the transportation cask and storage 
cask. 

 
• Lid access platforms.  These platforms are used to allow operators to access the lids on 

the transportation casks and storage casks.  A jib crane is provided on each platform to 
support lid removal and other handling tasks. 
 

• Canister transfer machines.  The canister transfer machines are seismically supported 
structures that use a hoist to lift the canister into a transfer cask.  The transfer cask has 
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vertical positioning to allow it to interface with the various transportation cask sizes that 
are expected (no horizontal positioning is provided as the transfer carts are used to 
position the casks underneath).  A slide gate at the bottom of the transfer cask closes to 
enclose and shield the bottom of the DPC. 
 

• Nuclear cask transporter.  The nuclear cask transporter, or “crawler”, is used to 
transport new, empty storage casks to the Canister Transfer Facility. Each new cask is 
positioned under the transfer cask, the slide gate opened and the UNF canisters lowered 
into it.  The crawler is then used to transport the loaded storage cask from the Canister 
Transfer Facility to the storage pad. 

• Cask maintenance platforms. Separate platforms are provided to allow return-to-use 
cask maintenance (e.g., inspections, seal replacement) and scheduled cask maintenance 
(e.g., annual maintenance) to be performed separately from the canister transfer 
operations. 
 

• Waste accumulation area.  This provides space for the accumulation of any solid LLW 
that is produced as secondary waste prior to its shipment offsite.  Very little surface 
contamination is expected on the DPCs, therefore only small amounts of solid LLW are 
expected to be generated.   
 

• Utilities/Services.  The following utilities are provided: 

- HVAC supply and extract (Note: confinement ventilation not likely to be required 
in the CTF as contamination is likely to be very minimal, therefore the HVAC 
function is for temperature and humidity control only.) 

- General purpose air (e.g., for tools) 

- Instrument air (e.g., for instruments and controls) 

- Raw water (supplies fire water, potable water system) 
 

4.2.2.2.  Cask Fabrication Facility.  The Cask Fabrication Facility is a separate pre-engineered 
metal building that is used for the onsite fabrication of dry storage casks.  A sample layout is 
shown in Figure A-12 (see Appendix A).  The facility is used for fabricating up to six casks per 
week and includes an overhead crane and sufficient space to stage the casks and the materials of 
construction (e.g., concrete forms, rebar).  A concrete batch plant is located onsite to provide 
concrete to the cask fabrication facility. 
 
4.2.2.3.  Administration Building.  The Administration Building provides office space, change 
rooms and a kitchen/lunch room for onsite staff.  Sufficient parking will also be provided, based 
on anticipated staffing and visitors. 
 
4.2.2.4.  Storage Pad.  Additional storage pad capacity is provided for staging up to 3,000 
additional dry storage casks.  A minimum of 30 horizontal dry storage systems will be provided 
on the storage pad for DPCs that can only be removed from their transportation casks in a 
horizontal orientation. 
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4.2.3  Stage 3 – UNF Repackaging Capability 
 
This stage introduces the capability to repackage UNF assemblies into disposal canisters.  This 
concept includes a Pool Repackaging Facility that can receive transportation casks containing 
bare (uncanistered) fuel and DPCs, and dry storage casks (from the storage pad) containing 
DPCs.   
 
4.2.3.1.  Hot Cell Option.  A hot cell was initially identified during the system engineering 
evaluation as an alternative option to a pool to perform UNF repackaging, however this was 
eventually ruled out primarily due to concerns about uranium dioxide (UO2) oxidization in UNF 
assemblies with damaged cladding. 
 
At temperatures above 250°C, UO2 exposed to air will begin to oxidize.  As the UO2 oxidizes, it 
changes from a sintered pellet form to U3O8 powder, which consists of fine, micron-sized 
particles. If the U3O8 powder is released from the UNF cladding, it will result in high levels of 
radioactive contamination in the UNF transfer area.  Fission gases (e.g., krypton) and volatile 
radionuclides (e.g., iodine, cesium and ruthenium) will also be released during oxidation.  
Although the majority of UNF assemblies received at the CSF are expected to have intact 
cladding, a small percentage are expected to have varying amounts of cladding damage that 
could lead to extensive contamination caused by UO2 oxidation.  Design controls, such as 
cooling and/or an inert atmosphere, can preclude UO2 oxidization but these increase design and 
operational complexity.  Therefore the team decided that the systems concept should include the 
pool option as the preferred approach for UNF repackaging on the basis that this is a well-
established approach for UNF handling that is used throughout the commercial nuclear power 
industry.  Therefore, the hot cell option for UNF repackaging was not developed any further. 
 
4.2.3.2.  Pool Repackaging Facility.  The concept for this facility is a building that contains all 
of the equipment required to perform canister transfer and UNF repackaging in a pool, as well as 
some canister transfer capability that can be supplemented by the Canister Transfer Facility, if 
required.  A sample layout for this facility is shown in Figure A-13 and the process is described 
in the MFD and MHD in Figures A-14a through A-14d and A-15a through A-15j (see 
Appendix A).  The concept shown is estimated to provide repackaging capacity for up to 
1,200 MT/year, and would be scaled up (i.e. an additional facility) or down according to 
projected throughput needs, the number of CSF locations, and whether there is repackaging 
capability at the final repository. 
 
The following components are included in the Pool Repackaging Facility. 
 

• Pool transfer casks. Pool transfer casks (PTCs) are shielded casks that are used within 
the Pool Repackaging Facility for the purpose of handling DPCs and disposal canisters in 
the pool.  This avoids putting transportation casks containing DPCs into the pool.  (Note: 
bare fuel casks will be transferred into the pool). Two versions of the PTC will be used; 
one for DPCs that are transferred vertically into the PTC, and one for DPCs that can only 
be transferred horizontally.  
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• Overhead bridge crane.  A single-failure-proof crane is provided for transferring casks 
between the various stations in the facility, and for transferring pool transfer casks, and 
bare fuel casks, to and from the pool. 
   

• Transfer carts.  Transfer carts are used to accurately position the pool transfer casks, 
transportation casks and storage casks at the lid access platforms and underneath the 
canister transfer machine. These also provide seismic restraint for the transportation cask 
and storage cask. 
 

• Lid access platforms.  Platforms are used to allow operators to access the lids on the 
pool transfer casks, transportation casks and storage casks.  A jib crane is provided on 
each platform to support lid removal and other handling tasks. 

• Canister transfer machine.  The canister transfer machine is a seismically supported 
structure that uses a hoist to lift the canister into a transfer cask of similar design to that 
described in Section 4.2.2.1.  The transfer cask has vertical positioning to allow it to 
interface with the various transportation cask sizes that are expected (no horizontal 
positioning is provided as the transfer carts are used to position the casks underneath).  A 
slide gate at the bottom of the transfer cask closes to enclose and shield the bottom of the 
canister while the transfer carts are used to move the casks. 
 

• Canister opening station.  The canister opening station is used to open the DPCs and 
prepare them for transfer into the pool.  These operations include cutting the lid welds 
and filling the DPC interior with borated water.  This area includes an access platform, a 
jib crane, and a canister cutting machine.  A borated water supply is provided at the 
station. 
 

• Canister closure station.  The canister closure station is used to seal the disposal 
canisters or DPCs (while inside a pool transfer cask) after they have been loaded with 
UNF assemblies in the pool.  These operations include draining, drying and inerting (with 
helium gas) the canister interior, and welding the canister lids.  This area includes an 
access platform, a jib crane, a canister welding machine, a pump system (to drain the 
canister), and a cold vacuum drying system.  A helium supply is provided at the station. 
 

• Preparation station.  The preparation station is used to fill bare fuel casks and empty 
disposal canisters with borated water prior to transfer into the pool, and to drain DPCs 
after they have been removed in the pool (i.e., after the UNF assemblies have been 
removed).  This area includes an access platform, a jib crane, and a pump system to drain 
the DPCs.   
 

• Pool. An example of a pool layout is shown in Figure 4-6.  This provides space to stage 
DPCs or bare fuel casks that are being emptied, and disposal canisters are being loaded.  
A limited UNF buffer rack is proposed to provide some flexibility for loading canisters.  
A UNF transfer machine is positioned over the pool and is used to perform remote 
transfer of the UNF assemblies underwater.  It is assumed that the pool water will need to 
be borated in order to receive all types of commercial UNF. 
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• Pool treatment system.  A treatment system is provided for cooling and filtering the 
pool water.  This includes the following functions: 

- Cooling using a heat exchanger, with cold side fluid provided by a chiller unit 
- Filtration using roughing filters and polishing filters to remove particulates 
- Ion exchange using a suitable resin to remove radionuclides 
- Water make-up using water level monitoring to initiate pool top-up with borated 

water, as required 
- Leak detection using monitored sumps 
- A boric acid make-up system. 

 
• Cask maintenance area.  The size of the cask maintenance area will depend on the 

extent of repackaging done, but an adjoining area is proposed for accumulation of solid 
and liquid LLW and for performing cask maintenance.  The functions provided in the 
cask maintenance area include the following: 

- A rail interface for receiving casks from the main processing area in the Pool 
Repackaging Facility 

- An overhead crane (shared with waste handling area) for cask handling 

- A staging area for casks 

- A lid maintenance area for cask lids 

- A platform for access to internal and external cask components (for 
inspection/replacement) 

- A cask reassembly area for any significant maintenance, modifications, or 
component replacement 

- A booth for paint removal (e.g., grit blasting) and new paint application 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 59 

Figure 4-6.  Pool Layout Example. 

 
 

• Waste handling area.  The size of the waste handling area will depend on the extent of 
repackaging done, but an adjoining area is proposed for accumulation of solid and liquid 
LLW and for performing cask maintenance.  The functions provided in the waste 
handling area include the following: 

- A platform to access DPC carcasses that have been emptied in the pool.  This is 
used to prepare (i.e., rig) the DPC carcass prior to removal from the pool transfer 
cask. 

- An overhead crane (shared with cask maintenance area) for cask handling and 
removing the DPC carcass from the pool transfer cask. 

- A staging area (prior to offsite disposal) for DPC carcasses that have been 
removed from the pool transfer casks. 

- A decontamination pit or booth (for internal and external decontamination) for 
transportation casks (e.g., bare fuel casks) and pool transfer casks. 
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- Solid LLW storage.  This is used to stage containers (e.g., 55 gallon drums) of 
secondary waste prior to offsite shipping for disposal.  This will include 
secondary waste such as personal protective equipment (PPE), decontamination 
wipes/rags, pool treatment filters, and dewatered spent ion exchange resin from 
the pool water treatment system.  This area could include a waste compactor to 
reduce the waste volume if required. 

- Liquid LLW storage.  This is used to collect liquid LLW from decontamination 
activities, and from spent ion exchange resin rinsing and dewatering. This 
includes: 

 Collection tank(s) 

 An interface for a mobile system for processing liquid LLW.  The media 
in the mobile processing equipment will be packaged and transported 
offsite for disposal in accordance with the applicable regulations. 

 A separate tank for processed water from the liquid LLW system (for 
sampling and analysis prior to disposal via a drain or lagoon). 
 

• Utilities/Services.  The following utilities are provided in the facility: 

- Confinement ventilation (it is assumed that some degree of confinement will be 
required due to the potential for contamination associated with canister opening, 
pool operations, pool filter change-outs, etc) 

- Deionized water system (for pool, canister opening station & preparation station) 

- Helium (for canister inerting after closure) 

- General purpose air (e.g., for tools) 

- Instrument air (e.g., for instruments and controls) 

- Raw water (supplies fire water, potable water system, deionized water system) 
 
4.2.4  CSF Estimated Staffing 
 
This subsection addresses the CSF operations staffing and related total and average FTE costs 
associated with the CSF.  The staffing levels are provided in full-time equivalents (FTEs) and 
are associated with a fully operational CSF at the maximum (i.e., 3,000 MT/year) annual receipt 
rate.  The average FTE costs are fully-loaded, i.e., including benefits and other indirect costs, 
and have been factored into the cost estimate in Section 6.0.  This subsection begins with two 
tables, the first of which depicts CSF Estimated Staffing by Area/Function (Table 4-2). 

Table 4-2.  CSF Estimated Staffing by Area / Function. 

Area/Function FTEs Total Cost Average FTE Cost 

Rail Yard / Canister Transfer / Storage Pad 64  $     7,875,124   $            123,049  
Pool Repackaging Facility 99  $     12,431,766   $            125,573  
Management / Engineering / Administration 61  $     8,505,743   $            139,438  
Security Personnel 26 $2,500,000  $             97,087 
    Total 250  $  31,312,633   $            125,376  
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The table separates staffing into 4 categories.  The Rail Yard/Canister Transfer/Storage Pad 
includes 13 FTEs within the Rail Yard and 11 FTEs at the Storage Pad.  The remaining 40 FTEs 
consist of FTE staff spread across multiple shifts (i.e., 24/7) with some built-in downtime.  The 
Pool Repackaging Facility also is spread across multiple shifts, as are some of the Security 
Personnel. 
 
Table 4-3 provides the staffing estimates by function and is separated into 7 categories. 
 

 Table 4-3.  CSF Estimated Staffing by Function. 

Function FTEs Total Cost 
Average FTE 

Cost 

Management 17  $     3,184,996   $            187,353  

Engineering 22  $     3,082,761   $            140,126  

Operations Supervisors 12  $     2,097,972   $            174,831  

Equipment Operations 98  $    11,227,178   $            114,563  

ESH&Q 51  $     6,842,652   $            134,170  

Security Personnel 26 $     2,500,000 $            97,087 
Administration / Other 24  $     2,377,074   $               99,045  

    Total 250  $  31,312,633   $            125,376  

 
The Management function includes the overall site operations manager plus supervisors in areas 
such as quality assurance, criticality safety, waste handling, physical/site protection, emergency 
preparations, and maintenance.  The Engineering function covers nuclear, environmental, 
mechanical, electrical, instrumentation & controls, et. al.  The Operations Supervisors cover the 
major facilities and other CSF areas.   The Equipment Operations staff covers all major 
equipment such as mobile and bridge cranes, preparation area equipment, and other 
transport/transfer equipment.  ESH&Q covers radiological engineers/technicians, 
safety/industrial hygiene personnel, and quality assurance/quality control staff.  Security 
personnel cover security operations managers, security shift supervisors, alarm station 
operations, and onsite security officers.  Finally, Administration/Other covers office functions 
including contracts & procurement, operations & maintenance procedure development, 
document control & records, human resources, employee concerns, etc. 
 
Not included in the above CSF staffing estimate are the three person security crews required to 
escort UNF rail shipments to the CSF.  The crew counts range from one crew in the early years 
to a high of 8 crews during the peak shipping years of the 3,000 MT/yr scenarios. 
 

Further perspective on operations staffing is provided in Table 4-4 below, which describes the 
operations staffing profile over time.  The table shows Average and Maximum FTE counts for 
each major job function described earlier in this section.  Counts are provided for each of the 
operational stages (i.e., Stage 1 – Receipt of TSCs only, Stage 2 – Addition of Canister Transfer 
Capability, and Stage 3 – Package UNF into Disposal Canisters), as well as in total.   
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 Table 4-4.  Operations Staffing Profile Over Time 

  
Stage 1 - Receipt 

of TSCs Only 

Stage 2 - Addition of 
Canister Transfer 

Capability 

Stage 3 - Package 
UNF into Disposal 

Canisters 

Stages 1, 2 and 
3 Combined   

Function 
FTEs - 

Avg 
FTEs - 
Max 

FTEs - 
Avg 

FTEs - 
Max 

FTEs - 
Avg 

FTEs - 
Max 

FTEs - 
Avg 

FTEs - 
Max 

Management 1 1 4 12 9 16 8 17 

Engineering 1 2 6 16 12 21 11 22 

Operations 
Supervisors 

1 1 3 9 7 11 6 12 

Equipment Operations 3 8 25 71 51 93 48 98 

ESH&Q 1 4 13 37 27 48 25 51 

Security Personnel 1 2 7 19 14 25 13 26 

Administration / Other 1 2 6 17 13 23 12 24 

    Total 9 22 64 182 131 236 123 250 

 
Note.  The average value is the average number of FTEs over the operational life cycle.  The 
maximum value correlates to the year in which the maximum number of total casks is accepted. 
 
Scenario 6 was used as the basis of evaluation for this purpose as it incorporates the acceptance 
of bare fuel, but overall levels could be applied generally to all scenarios since they all involve 
repacking UNF for shipments to the repository.  As one would expect, the lower FTE counts are 
associated with receipt of TSCs, whereas higher staffing levels come about during repackaging 
operations. 
 

4.3  TRANSPORTATION  
 
Developing an operating transportation system that supports federal shipments of UNF to a CSF 
is a complicated and time consuming process.  These shipments are referred to as federal 
shipments because no site will release the UNF unless the federal government is willing to take 
title to it as it departs the site. Furthermore, the financial benefit to the federal government from a 
reduction in federal liability payments will not accrue until the federal government takes title to 
the UNF. This ensures that the government will be the consignee in the Bill of Lading for 
transport to a CSF, even if another organization manages the transfer. This section elaborates on 
the time phased logic presented in the Front End Capability Development Diagram (see 
Figure 4-7).  The activities that have to begin first to support shipments to an operating facility in 
the shortest overall development time are discussed first.  Other development efforts required to 
ensure a functioning transportation system are discussed here and shown in the time phased order 
presented by Figure 4-7.   
 
4.3.1  Transportation Infrastructure Assessments 
 
To start transportation planning, the first step is to obtain updates to information about 
transportation infrastructure at, and surrounding, shipping sites. These updates are essential for 
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detailed planning of transportation operations.  This is true for all utility sites, but even more so 
for the shutdown reactor sites.  The lack of any on-going need to bring in new plant operating 
equipment or other heavy assemblies means the transportation infrastructure surrounding 
shutdown sites may have degraded more than at operating plants.  In accordance with the 
transportation assumptions provided in Section 5.2, the majority of the shipments will be via 
railroads using dedicated trains, but getting to a rail line from the site will be a challenge in many 
cases.  Each of the shutdown sites is shown below in Table 4-5 with information on 
transportation infrastructure provided by utilities in 2004.3  The information for these sites was 
provided on Facility Interface Data Sheets (FIDS) completed by the utilities on a voluntary basis.  
In most cases, the FIDS information only indicates whether rail access is available, without any 
objective assessment of that rail line’s ability to support very heavy spent fuel cask cars.    
 
In addition to challenges with the transportation infrastructure around the plants, the national rail 
network has also changed since the last formal updates were compiled by the Office of Civilian 
Radioactive Waste Management (OCRWM) in 2004.  The TRAGIS model of national rail routes 
provided in the 2002 Final Environmental Impact Statement for a Geologic Repository 
(DOE/EIS-0250) included several rail routes that no longer exist.  A prime example is the 
Northwestern Pacific Railroad (NPR) that once provided service between Eureka, California (for 
the Humboldt Bay site) and the San Francisco Bay area.  That rail line was closed by the Federal 
Railroad Administration (FRA) in 1999 due to poor maintenance and severe damage by storms.  
In 2010, funding from the American Reinvestment and Recovery Act (ARRA) was provided to a 
new railroad entity called the North Coast Railroad and the southern portion of the NPR 
(between Willits, CA and the Bay area) was reopened to rail freight service in 2011. The section 
of route northward from Willits to Eureka is still closed however and the City of Eureka is 
exploring an alternate new rail connection to Red Bluff, CA, but has not submitted an application 
to the Surface Transportation Board. The portion of the NPR currently closed is shown in 
Figure 4-8. 
 
Other portions of the national rail network have also seen changes.  Burlington Northern 
Santa Fe has added track across the southern tier of the United States, and ARRA funds were 
used to restore a significant section of the degraded track serving the Ginna nuclear power plant 
in New York.  All of these changes to the national rail system affecting shipments from existing 
ISFSI need to be captured as new transportation plans are made. 
 
 
   

Note that the Hatch and Dresden sites are included in Table 4-5. Even though they are not shutdown sites, they have UNF in 
transportable storage casks that could be reused to move UNF from the Trojan shutdown site more economically (see section 
4.3.4).  The Oyster Creek site in New Jersey is also included in the list because it is scheduled to be shut down in 2019, which is 
before a CSF will be operational. 



P
ag

e 
64

 

F
ig

ur
e 

4-
7.

  F
ro

nt
 E

nd
 C

ap
ab

ili
ty

 D
ev

el
op

m
en

t 
D

ia
gr

am
. 

 



P
ag

e 
65

 

 



Page 66 

Table 4-5.  Shutdown Site Locations and Transportation Infrastructure from the 2004 
FIDS Update.  
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Table 4-5.  Shutdown Site Locations and Transportation Infrastructure from the 2004 
FIDS Update. 
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Table 4-5.  Shutdown Site Locations and Transportation Infrastructure from the 2004 
FIDS Update. 
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Figure 4-8.  Rail Routes Analyzed in the Yucca Mountain EIS. 

A pilot project to update and quantify the condition of local transportation infrastructure and to 
record that data in a geographic information system (GIS) database was started by DOE in 2008. 
This was a collaborative effort with regional planning groups representing states and tribes, and 
the FRA.  This pilot effort showed real promise, but was terminated after capturing two sites 
(Salem and Hope Creek plants) when funding for the Yucca Mountain program was curtailed.  A 
survey and site visits to update transportation infrastructure data at shipping sites, and for the 
connections between shipping sites and a CSF is beyond the scope of Task Order 11, but should 
be a high priority future project.  The scope of future updates should include an objective report 
on the current status and capacity of the transportation infrastructure surrounding all plants, 
starting with those in the priority queue.  This work should be conducted onsite by transportation 
professionals in collaboration with affected state regional groups, tribes and the plant (or ISFSI) 
operators.  The updates should record the condition of existing transportation infrastructure 
including any transportation limitations (rail speed or load limits, bridge limits, clearance height 
or turning radius challenges, staging space for rail cars or heavy haul trailers, crane capacities 
etc.).  The results should be captured in a GIS database with imbedded links to a Google Earth 
portrayal of the transport options connecting to the site.  The Google Earth flyover of the 
Caliente Rail Corridor (for the Yucca Mountain site) was a very effective communication tool 
when discussing that route with both stakeholders and railroad construction companies.  A 
detailed GIS display of transportation options surrounding existing ISFSIs can be an effective 
tool for shipment planning, communications with stakeholders and with policy makers.  
Completing this work early will allow local decisions about refurbishing degraded rail or other 
transportation access to the plants.  Having the GIS overview gives very clear indications of 
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where transportation challenges exist and can be a power tool supporting local decisions to make 
needed improvements.  If improvements to degraded rail infrastructure are not supported, then 
the planning process for heavy haul and/or barge shipments to a viable railhead must begin. In 
addition to the detailed GIS based updates to local transportation infrastructure, an update to the 
viable national rail links between the shipping sites and the proposed CSF(s) is also needed.   
 
4.3.2  Routing 
 
The selection of rail routes has significant impacts on operations planning.  Route selection 
remains a challenge, but the controversy has shifted away from DOE to the railroads.  The 
National Transportation Plan that DOE published in draft form in 2007 proposed that the route 
selection would start with DOE collaborating with States and Tribes to identify the objective 
routing criteria to be used.  That process was superseded by a new rulemaking promulgated in 
November 2008.  That rulemaking was published by the Pipeline and Hazardous Materials 
Safety Administration and has been codified by regulations in 49 CFR parts 172 and 174.  These 
transportation regulations take precedence over any routing process developed in support of the 
Nuclear Waste Policy Act.  The sole routing authority for any rail shipment of a highway route 
controlled quantity of Class 7 radioactive material (all spent fuel) is now assigned to the railroads 
themselves.  The routes are to be selected based on the railroads’ analysis of 27 objective 
indicators of safety and security defined in 49 CFR Part 172, Appendix D. Any effort by states or 
tribes to prohibit or limit use of a route designated in accordance with 49 CFR Part 172.820 is 
preempted by the regulations.  The new challenge will be having the railroad identify routes far 
enough in advance to support Nuclear Waste Policy Act (NWPA) Section 180(c) grants to 
affected states and tribes.  If the grant criteria remain tied to the miles traveled through a state, 
then the railroads would have to conduct their analysis and make routing determinations 4-6 
years before the first shipment.  This process will need to be started as part of negotiating a 
government rate tender that cover services not included in the settlements between DOE and the 
railroads.  Other challenges with allocation of 180(c) grant funds will have to be worked out in 
collaboration with the railroads, the states and the tribes in so far as routing affects the size and 
duration of the grants. 
 
4.3.3  Rail Car Acquisition 
 
The next longest lead time for developing the transportation system is design, fabrication, testing 
and approval of special rail cars in accordance with the Association of American Railroads 
(AAR) Standard S-2043. Rail cars for shipments of UNF are required to meet this standard, and 
no rail car has ever completed all of the performance testing required by the standard.  The U.S. 
Navy has been working for years on development of their “M-290” rail car and has successfully 
demonstrated the mechanical performance of their cask car when operating alone. The Navy still 
has to complete testing of the whole train as a complete system, and they have to complete 
installation of the active monitoring systems required by this standard before receiving AAR 
approval.  The active monitoring of key safety indicators like bearing temperatures, wheel 
condition, suspension tracking (“truck hunting”), as well as vertical and lateral G forces is a key 
feature of the standard for preventing accidents. The equipment to collect and report each of 
these features is available, but integrating all of the tracking information into a single data 
management and reporting system is challenging.    
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Although significant progress has been made with development of the first cask car that will 
meet the standard, little progress has been made on development of an AAR S-2043 compliant 
escort or buffer car.  The escort car houses the armed guards that travel with the train, and the 
buffer cars provide spacing between the cask cars and the personnel in the escort car and the 
locomotives.  In 2007-2009, OCRWM was sharing the cost of developing an S-2043 compliant 
escort car with the Navy, but that effort stalled when funding from the Yucca Mountain was cut 
in 2010, and the program was dismantled. The Navy is hoping to integrate their existing escort 
caboose into the consist testing required for qualifying to the S-2043 standard.  If that is not 
successful, there could be additional delays to the Navy’s UNF transportation program.   
 
The mechanical performance of the Navy’s cask car now provides a benchmark for computer 
modeling of other rail car designs proposed to meet S-2043. The Navy’s M-290 rail car is a 12 
axle car designed to carry their very heavy M-290 cask with a loaded weight of approximately 
300 tons.  Being able to meet the performance requirements of the S-2043 standard with such a 
long and heavy car suggests it will be easy to meet the standard using the smaller, 8 axle car 
needed to transport commercial spent fuel currently in dry storage around the country.  The 
weight of loaded casks with commercial fuel, impact limiters and specialty mounting skids will 
average around 150 tons. Use of computer modeling for selection of the rail car “trucks” 
(suspension systems) should permit the use of existing rail car designs for commercial cask cars 
rather than requiring development of new designs from scratch.  This significantly shortens the 
development time for compliant cask cars, but the overall development, production and 
qualification testing for a prototype consist can still take 48 months.  The AAR S-2043 standard 
requires a 100,000 mile qualification period for the new rail cars at a test facility like 
Transportation Technology Center, Inc. (TTCI), in Pueblo, Colorado.   
 
There are also challenges with getting rail car fabricators to work on small quantity, specialized 
contracts for the small number of rail cars needed to transport spent nuclear fuel.  The larger rail 
car fabricators often see orders for thousands of rail cars at a time (for the coal industry as an 
example).  The typical spent fuel train will only have 3-5 cask cars, 2 buffer cars, and 1 escort 
car.  The three different rail car designs all have to meet the AAR S-2043 specification and the 
ordering quantity of each car type is very small by production rail car standards.  Specialty rail 
car companies were being considered when the OCRWM was working with the Navy on 
development of an S-2043 compliant escort car, but the custom rail car company contracted for 
that work (Colorado Rail) went bankrupt in 2008, reflecting the challenges faced by small, 
custom rail car fabricators.  The plan for rail car development needs to include schedule float to 
allow car fabricators to work on these specialty cars in between other, larger production runs.   
When production options were discussed with rail car manufacturers, they expressed interest in 
using the small production runs for the spent fuel consists to fill in small gaps in their production 
schedules. That contributes to the length of the rail car procurement timeline shown in 
Figure 4-7.   
 
Figure 4-9 is a representation of a modern, high capacity rail cask attached to a skid with a 
personnel barrier and mounted on a depressed center rail freight car that meets the “Plate C” 
railroad dimensional constraints for access to railroads with constrained clearances vertically and 
around curves.  
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Figure 4-9.  Representation of a Loaded S-2043 Compliant Rail Cask Car. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3.4  Transport Cask Acquisition 
 
The next activity in the timeline is procurement of the transport casks and ancillary equipment 
needed to move them.  When procuring complete cask systems (cask plus all ancillary 
equipment) planning and design must start at least three years before required use.  Depending 
on the number of cask systems needed, the production capacity at the time, and whether or not 
operations personnel are trained on the use of the specific cask design, the lead time may have to 
be stretched to six years. This timeframe is based on the number of different cask systems 
required in the first year, the very constrained throughput of the manufacturing base for ASME 
Section III pressure vessels and the significant backlog expected from large orders for 
transport/storage casks to store fuel that will be removed from Fukushima Daiichi in the mid 
2020's.  The ancillary equipment includes the impact limiters, mounting skid, personnel barrier, 
lifting yokes, leak-test equipment, and an inventory of spare parts for consumables or parts with 
a time limited life. Currently, each DPC system requires a separate transportation cask for 
transportation.  That may be amenable to change with an infusion of research, design and 
licensing funds (a specific research project is recommended in Section 8), but this report focuses 
on the transportation requirements and capabilities as they currently exist. Fortunately, all of the 
canisters currently in dry storage are associated with a transportation cask that has already been 
designed. No new cask designs are required.  
 
There are some canister systems that are currently in storage, but are not licensed for transport.  
The cask/canister vendors for each of these systems and the utilities that use them have 
expectations for how they will be handled, but regulatory uncertainties remain.  The canisters in 
this category, where they are located, and the number in storage (as of 10/12/12) are all captured 
in Table 4-6.  

Load Deck is 24” above tracks 
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There is a precedent for adding a transport certificate to a canister that was originally only 
licensed for storage.  Transnuclear added a transport certificate to its TN-40 cask that was 
originally only licensed for storage at Prairie Island. The TN-40 might have been a special case 
because the original storage design took into account the requirements for transport to preserve 
the option of adding transport certification later on.  Even with that precaution in the storage 
design approach, the NRC transport license for this canister is limited to the 29 casks at Prairie 
Island.  Other casks that were not originally designed with transportation in mind may have a 
larger challenge when it comes to obtaining unrestricted authorization for transport. 
 

Table 4-6.  Canisters In Storage That Are Not Licensed For Transport. 

Vendor/Canister Location Quantity in 
Storage 

Certificate 
Number 

Assumption 

BNG Fuel Solutions 
VSC-24 

Arkansas Nuclear One 
Pallisades 1 
Point Beach 1 

24 
18 
16 

72-1007 Repackage before transport 

GNS CASTOR V/21 
& X33 

Surry 2 26 72-1000 Repackage before transport 

NAC I28 Surry 2 72-1003 Repackage before transport 

TN NUHOMS 7P Robinson 8  Repackage before transport 

TN NUHOMS-24P Calvert Cliffs 
Davis Besse 
Oconee 

48 
3 

84 

72-1004 One-time transport license 

TN NUHOMS-52B Susquehanna 27 72-1004 Repackage before transport 

TN NUHOMS-
24PHB 

Oconee 38 72-1004 One-time transport license 

TN TN-32 McGuire 
Calvert Cliffs 
North Anna 
Surry 

10 
24 
27 
26 

72-1021 One-time transport license 

Westinghouse MC-10 Surry 1 Not 
Available 

Repackage before transport 

Some canisters (like the NUHOMS 7P) are smaller than any of the rail transport cask cavities, 
but too large for any of the legal-weight truck transport casks (that travel by road).  Canisters like 
this will have to be reopened and the stored fuel transferred to a transportable canister, or to a 
transportation cask that can accept bare fuel.   
 
One final option for fuel stored in canisters that are not licensed for transport, but that could fit 
into a licensed transport cask is to seek an exemption from the NRC for the shipment.  The 
standards for approving exemptions are high, and no exemption will be granted unless public 
health and safety are not compromised.  For canisters that don’t have the engineered systems to 
deal with the consequences of hypothetical accident conditions, that might require administrative 
controls like speed restrictions. For larger canisters that would normally travel by rail, the 
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impacts of speed restrictions on other rail commerce might prevent the railroad from accepting 
the cargo even if the shipment were approved by the NRC.  Developing strategies and detailed 
proposals for transporting the contents in these canisters is another project that may warrant more 
detailed study.  For this report, the assumptions for each canister that is not licensed for transport 
are listed in Table 4-6 
 
4.3.4.1.  Multiple Options to Optimize Cask Acquisition.  Table 4-7 shows an optimized 
transportation queue when the priority is reducing the capital investment in transport casks.  This 
queue differs somewhat from the “stranded sites first” acceptance queue developed for the TSM 
analysis (Section 5.1.2) and highlights the importance of working with a transportation logistics 
company when developing the final queue that will be used.  First of all, to minimize costs and 
maximize efficiencies, this queue consolidates the UNF in Hi-Star 100 TSCs at Hatch and 
Dresden early in the queue so they can be reused to ship the canisters in storage at the Trojan 
plant. 
 
This sample optimization also recommends campaigning all the UNF from each shutdown site 
before moving on to the next location.  This approach minimizes the number of transportation 
casks and ancillary equipment that have to be purchased, and minimizes the number of people 
that have to be trained and qualified for loading and unloading operations each year. There are 
tradeoffs with this approach.  The key tradeoff necessary to reduce the capital investment in 
transport casks is opening an additional transport corridor from the southeast to access the Hatch 
site.  There will have to be decisions made on which attribute(s) of the transportation system it is 
required to optimize.  A queue focused on consolidating the most MTHM/year will have 
different results than a queue focused on one with the lowest capital costs for equipment.  Other 
optimization scenarios might target lowering the operational costs, or maximizing the material 
removed from one particular region of the country first.  The remainder of this discussion 
focuses on a queue that is optimized for reducing capital expenditures for casks as an example of 
what can be accomplished once the priorities are established.  
 
In 2025, all of the spent fuel in the recommended queue would be transported in the Holtec 
Hi-Star 100.  The Holtec Hi-Star 100 has several parts.  First, the UNF is stored in a Holtec 
multi-purpose canister (MPC-24) with a welded lid closure.  The Multi-Purpose Canister (MPC) 
is usually placed in a steel Holtec High-Star 100 overpack that is licensed for both storage and 
transport.  Alternatively, the MPC could be placed in a vertical concrete storage cask that is less 
expensive, but cannot be used for transport.   
 
There are three sites (14 casks) in the country that have fuel and/or GTCC waste stored in 
transportable Hi-Star 100 systems.  One site (Trojan) has 34 Hi-Star 100 compatible MPCs that 
are currently stored in vertical concrete storage casks, but will use the High-Star 100 overpack 
for transport. Unfortunately, not all of the Hi-Star MPCs are the same size. The Hi-Star MPC and 
their overpacks at Humboldt Bay are 6’ 4” shorter than any other Hi-Star 100 system, and are 
designated the Hi-Star 100HB.  The Hi-Star 100 overpacks at Humboldt Bay cannot be used to 
transport the canisters in storage at Trojan.  All of the Hi-Star 100HB overpack variants have the 
same diameter and can use the same impact limiters in the transport configuration. The Hi-Star 
100HB will require different mounting fixtures on the transportation skid, and a different 
personnel barrier.  
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Table 4-7.  Queue for De-Inventorying Shutdown Sites, Optimized for Reducing Cask Costs. 

Year Site 

Canisters  Total 
Cask 

Moves 

MT 
SNF 

Total 
MTHM 
per year 

Goal 
Transportation  
Cask / Quantity 

Transport 
Cask Costs 

$M1 SNF 
GTC

C 

2025 

Humboldt Bay 5 1 

42 

28.9 

404.2 400 

HI-STAR-100 / 02  $12.5 

Hatch 4 0 38.2 HI-STAR-100 / 05  $0.0 

Dresden 4 0 27.8 HI-STAR-100 / 05 $0.0 

Trojan 28 0 309.3 HI-STAR-100 / 83  $2.5 

2026 

Trojan 5 1 

69 

49.7 

797.4 800 

HI-STAR-100 / 83  $0 

Rancho Seco 21 1 228.4 NUHOMS MP-187 / 3  $13.2 

Big Rock Pt 7 1 57.9 TS125 / 3  $13.2 

Lacrosse 5 0 38.0 NAC STC / 64 $26.4 

Zion 25 3 423.4 
NAC MAGNATRAN 
/ 6 

$39.6 

2027 

Zion 36 1 

105 

595.6 

1240.1 1200 

NAC MAGNATRAN 
/ 05 

$0.0 

Maine Yankee 60 4 542.0 NAC UMS / 6 $26.4 

Oyster Creek 9 0 102.6 NUHOMS MP-197 /6 $23.4 

2028 

Oyster Creek 65 2 

127 

685.6 

1224.7 1200 

NUHOMS MP-197 /65 $0.0 

Yankee Rowe 15 1 127.1 NAC STC / 65 $0.0 

Haddam Neck 40 3 412.0 NAC STC / 65 $0.0 

Total   328 16 348 3601.4   $156.2 
1 Costs are based on DOE’s TSLCC estimate of $4.4M/small capacity transport cask w/ancillary equipment, and $6.6M estimated for 

high capacity casks w/ancillary equipment (1.5 X small cask). Cost details have to come from each vendor. 
2  No transport casks are required when the SNF is stored in a transportable storage cask, but impact limiters, skids, lifting yokes, inert 

gas filling and leak test equipment are still needed. This quantity & cost estimate is based on ancillaries. 
3  The 8 transport casks come from reuse of the casks from Dresden & Hatch. We assumed the same skid & impact limiters could be used 

for all Hi-Star 100s.  1 extra set of ancillary equipment needs to be purchased. 

4  Extra casks are included to support the shipment queue in 2028 

5  Transport casks procured earlier will support these shipments 

If the queue was optimized solely on consolidating the inventory stored at shutdown sites, 6-10 
new Hi-Star 100 overpacks and ancillary equipment would have to be purchased to transport the 
Holtec MPC-24E/EF canisters stored at Trojan.   This investment would be necessary because 
the Trojan MPCs are not compatible with the Hi-Star 100 overpacks at Humboldt Bay.  The 
capital investment just for transport casks and ancillary equipment (not including rail cars) to 
ship the Trojan canisters is expected to be ~ $35M.  This is based on survey data suggesting the 
cost of a transport cask with all of its ancillary equipment will range from $4.4M to $6.6M.  The 
variability is driven by vendor specific design features and the capacity of the transport cask 
involved (from 24 to 37 PWR assemblies per cask, and from 56 to 87 boiling water reactor 
[BWR] assemblies).  Since the Hi-Star 100 is at the lower end of the capacity range, it is 
expected to be at the lower end of the cost range as well. 
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If the queue is optimized to minimize the cost of transport cask procurements, a shift is required 
in the sites de-inventoried in the first year of operations.  Four sites store fuel in canisters that 
require the Hi-Star 100 for transportation (Dresden, Hatch, Humboldt Bay and Trojan).  Three of 
these sites use the Hi-Star 100 overpack as their storage cask (Dresden, Hatch and Humboldt 
Bay).  The versions of the Hi-Star 100 overpack used at Hatch and Dresden are standard sized 
and can accommodate the Holtec MPC 24E/EF canisters stored at the Trojan with the addition of 
a steel spacer that is covered by the Hi-Star 100 CoC.  If the acceptance queue is modified to 
accept the Hi-Star 100 overpacks from Hatch and Dresden before the Trojan canisters are 
shipped, the Hatch and Dresden canisters could be moved into vertical concrete storage casks at 
the CSF, and that would free up 8 Hi-Star 100 overpacks with all their ancillary equipment for 
shipping canisters from Trojan.  This represents approximately $35M in savings compared to the 
procurement of eight new Hi-Star 100 overpacks just for the shipment of the canisters stored at 
the Trojan site.  In addition to prioritizing shipments from Hatch and Dresden, the number of 
casks in each shipment needs to be optimized to minimize the number of train movements.  Both 
Hatch and Dresden have four Hi-Star 100’s to ship.  All of the Hi-Star 100 overpacks at each site 
should be removed with a single train even though the standard dedicated consist will only move 
three casks.   
 
In the second year of operations, the number of casks moved will involve as many as five casks 
per train to minimize train movements.  Each year, the make-up of the consists, and the sites that 
shipments are made from will have to be adjusted to optimize on the attributes that are being 
prioritized.  As the priorities change over time (and it is expected that they will), the logistics 
contractor will have to recast the queue and the hardware requirements to keep information 
current on the broad impacts associated with changing the priorities.    
 
If it is decided to ship the Hi-Star 100 overpacks in the first year of operations, the initial 
procurements would have to be made 18 – 24 months in advance of the shipments.  This is a 
shorter lead time than for procuring actual casks since the procurements do not require 
fabrication of American Society of Mechanical Engineers (ASME) Section III pressure vessels 
for the transport overpacks.  The procurement of raw materials and obtaining a place in the 
fabrication queue for production of the ASME Section III overpacks can add a year to the 
procurement process. For shipment of Hi-Star 100 overpacks at Humboldt Bay, Dresden-1 and 
Hatch, only impact limiters, skids, personnel barriers, lifting yokes and cask leak test equipment 
need to be procured.   
 
The longer lead times for procuring fuel casks that will be used in the second year of shipments 
means those procurements have to be placed at the same time as orders for impact limiters and 
other ancillary equipment purchased for the transportable storage casks like the Hi-Star 100.  A 
rolling wave of procurements will have to be pursued each year in order to have the cask types 
and inventory needed for shipments 3 years later.  The availability and capacity of ASME 
Section III fabricators changes regularly with ups and downs in the industrial demand for 
pressure vessels, and should be tracked closely beginning 6 years before the first shipment.  Any 
increase in overall industrial demand could push cask procurements out to 4-5 years before 
deliveries can be guaranteed.  That variability in procurement lead time needs to be added to the 
risk register for any CSF project and tracked closely as the project evolves.  
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As the cask inventory expands, keeping track of the various maintenance requirements from each 
Certificate of Compliance (CoC) will require a robust cask management system.  There are 
annual and periodic cask maintenance requirements that have to be current for each cask use.  
The potential for delays in cask loading at shipping sites needs to be taken into account in the 
maintenance plans to ensure the casks’ certificates are current for the duration of a shipment 
schedule.  Along with keeping cask maintenance up to date, personnel using each cask system 
must have current training and be certified on the operating and maintenance requirements of 
each CoC.  
 
The NRC staff is actively seeking to identify efficiency and effectiveness improvements to the 
framework for ISFSIs and CoCs in 10 CFR 72.  Any resulting changes will have to be addressed 
at that time. 
 
A challenge related to the issue of maintaining a diverse cask fleet is the storage space required 
for the casks not being used.  This can become particularly challenging if the UNF consolidated 
at a CSF is intended ultimately to be shipped off for permanent geologic disposition in its current 
configuration.  That would require maintaining the full fleet of transportation casks, their skids, 
the impact limiters, the lifting yokes, the transfer casks and all of the systems needed to evacuate 
each cask type, backfill the cavity with helium and perform leak tests prior to shipment. The 
TSM analysis built around de-inventorying the stranded shutdown sites first concludes that 42 
sets of ancillary equipment for 13 cask types would have to be stored.  It would also require 
storage of 30 actual transport casks representing 7 different designs.  The number and type of 
transport casks in storage could increase even further if plans to certify some of the storage-only 
casks for transportation (see Table 4-6) are not successful.  The physical space required for this 
inventory is significant, and should be considered when investments in potential optimization are 
considered.  It is technically possible to reduce the number of transport cask designs required.  
Creating transport systems that can accommodate a wider range of spent fuel canisters is possible 
with the use of cask spacers, sleeves and other adaptations.  Developing more universal transport 
system designs will be expensive (design, testing and licensing efforts) and a customer is needed 
before progress can be made.  Developing universal transport cask designs that can be used with 
more than one vendor’s storage canisters will be challenging given the amount of proprietary 
information that goes into the safety analysis of the interactions between the transport cask and 
canister under 10 CFR Part 71 certifications.  Contracting strategies might be developed that 
would incentivize making that proprietary information available for more universal transport 
cask designs. 
 
4.3.5  Emergency Preparedness and Section 180(c) of the Nuclear Waste Policy Act 
 
Implementation of 180(c) emergency preparedness programs is likely to be an expensive 
component of UNF transportation operations readiness.  The Draft 180(c) notice provided up to 
$200,000 for needs assessments in each state/tribe.  In addition, annual funding would have 
included $100,000 in base level training grants per jurisdiction plus a variable annual grant 
amount determined by needs and the level of appropriated funding made available.  It is easy to 
imagine the annual cost of these grants for each affected state to range from $200,000-
$700,000/year based on the range of HMEP grants issued by PHMSA.  To ensure the 180(c) 
grant process works effectively, it will be important to complete and evaluate the grant process 
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through a pilot program 7-8 years before shipments begin.  This lead time is needed to meet 
commitments DOE made in the past to issue planning grants for actual needs assessments 5 
years before the first shipments take place.  
 
Determining eligible jurisdictions will require the establishment of the favored queue 6 years 
before the first shipments so the railroads can develop the routes in accordance with the 
requirements in 49 CFR Part 172.  Those routing decisions will affect the States and Tribes 
eligible for grants in the first year of operations.  Once the planning process starts with the 
railroads, it will have to be updated each year to support the rolling wave of planned shipments.  
 
Since the tragedy on 9/11, and follow-on challenges with emergency response in the wake of 
Hurricane Katrina, the United States has redesigned its emergency management system.  The 
current National Response Framework requires much more integration and consistent standards 
across all jurisdictional levels.  Any emergency management training, funding for training or 
technical assistance that might be offered in connection with transportation of SNF will need to 
meet these new standards and requirements.  It should also be carefully integrated into other 
federal training programs to ensure the nuclear waste fund investments are being used 
effectively. 
 
Although this section focuses primarily on training and technical assistance for emergency 
responders, recent legislation proposed by Senator Bingaman4 and others has recommended an 
expansion in transportation assistance funding to states and tribes.  Under the proposed 
legislation, public education and procurement of equipment would also be covered under 
transportation assistance.  
 
DOE made considerable progress in developing an approach to a process for allocating 180(c) 
grants to States and Tribes between 2002 and 2008.  During this period, the Department returned 
to a consultative approach to developing the rationale for distributing the funds allocated by 
Congress for this purpose.  Ideally, legislation would integrate funding for emergency 
preparedness in dealing with all hazardous commodities transported through the Hazardous 
Materials Emergency Preparedness (HMEP) grant program administered by the Pipeline and 
Hazardous Materials Safety Administration (PHMSA).  That would be particularly effective 
given the conclusions by the National Academy of Sciences that shipments of other hazardous 
commodities (like chlorine and propane) are thousands of times more risky than shipments of 
UNF5.  However, since unifying legislation is unlikely, professional coordination of programs at 
the staff level within the U.S. Department of Transportation (DOT), DOE, and DHS and any 
future organization set up to manage the consolidated storage of SNF will remain important to 
maximize the benefit of all emergency preparedness programs.  Key elements of this 
coordination should be sharing of resources and approaches to assess needs and conduct training.  
This type of coordination informed the draft 180(c) policy published in the Federal Register in 
2007 (Federal Register / Vol. 72, No. 140 / Monday, July 23, 2007 / Notices) and should be a 

4 S. 3469: Nuclear Waste Administration Act of 2012, 112th Congress, 2011-2012 
 
2 From the National Academy Press book; “Going the Distance, the Safe Transport of Spent Nuclear Fuel and High Level 
Radioactive Waste in the United States” 
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centerpiece of efforts to craft a final policy and/or rulemaking.  One option to ensure better 
national integration and consistency would be to require states and tribes to access common 
training programs like the Transportation Emergency Preparedness Program (TEPP) and/or the 
Modular Emergency Response Radiological Transportation Training (MERRTT) for their base 
level of preparedness.  These programs are offered through DOE Office of Environmental 
Management.   
 
TEPP also offers 24-hour points of contact at each DOE Regional Office that state, tribal, and 
local public safety officials may access in case of an incident or accident involving radioactive 
materials.  These 24-hour points of contact are often on the National Nuclear Security 
Administration’s Radiological Assistance Program (RAP) teams as well, which leverages the 
coordination between DOE’s programs and their resources.  A special training element that will 
be required is for access and use of the shipment tracking system for representatives of the state 
or tribe with appropriate security clearances.  If these shipments are tracked by the TRANSCOM 
system that DOE/EM uses to track shipments of foreign research reactor fuel and transuranic 
waste, then the training could be done by the Waste Isolation Pilot Plant (WIPP) personnel 
managing that system now.  If a new tracking system is developed, a new training program will 
have to be developed to accompany it.  
 
4.3.6  Transportation Operational Planning 
 
Previous sections of this report have discussed procurement of equipment and arranging or 
contracting for services which includes: 
 

• Transport Cask and Impact Limiters 
• Transfer Cask and Transfer Adapters/Interface components 
• AAR S-2043 Approved Rail Cars and associated intermodal Transport Frame/Skid 
• Transfer Cask and Transport Cask Lifting Yokes 
• Design and construction of a seismic support structure for canister transfer operations 

from a vertical concrete cask (VCC), and into a transport cask 
• Other ancillary equipment including high purity helium, helium leakage testing 

equipment, and shipping spacers placed in the bottom of the transport cask cavity to 
properly position shorter canisters 

• Crane services of sufficient capacity to lift and rotate the loaded Transport Cask with 
appropriate safety margins 

• Dedicated train for UNF shipment 
• Qualified personnel services for cask loading, crane operation, and rail car/train, rail 

cars, etc. 
 
NRC certification of the transport casks and AAR certification of the rail cars will have been 
accomplished previously.  The equipment will be delivered in stages such that the ancillary 
equipment would be delivered about 1-2 months before a scheduled shipment with the transport 
cask and associated rail car arriving 3-4 weeks prior to the shipment. 
 
This section addresses the procedures and preparations for transferring a dry storage canister 
from its associated vertical concrete cask (VCC) storage overpack to a transport cask that will be 
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used to transport UNF offsite. We assume that all of the tasks associated with loading a DPC 
were already completed by the utility. 
 
4.3.6.1.  Preparations for Transporting Spent Nuclear Fuel – Base Responsibilities.  A 
utility is responsible to “arrange for, and provide, all packaging, required inspections and loading 
activities necessary for the transportation of SNF” (Article IV.A.2(a), Contract for Disposal of 
Spent Nuclear Fuel and/or High Level Radioactive Waste between DOE and U.S. Utilities 
[1983] hereafter referred to as “Contract”).  A utility is required to notify DOE sixty (60) days 
before these activities begin.  Note that following the recommendations of the BRC, a new body 
(called “FedCorp”) may be set up to take title of the SNF, build the CSF, and take charge of 
transport arrangements.  In the narrative below on transportation of SNF, references to DOE 
should be understood as also referring, if appropriate, to FedCorp. 
 
Note that “packaging” does not include transport casks. “DOE shall arrange for, and provide a 
cask(s) and all necessary transportation of the SNF and/or high-level waste (HLW) from the 
Purchaser’s6 site to the DOE Facility” (Article IV.B.2, Contract).  A utility is “responsible for 
incidental maintenance, protection and preservation of any and all shipping casks furnished to 
the Purchaser by DOE” (Article IV.A.2(c), Contract). 
 
“The Purchaser shall advise DOE…as to the description of the material in each shipping lot sixty 
(60) days prior to scheduled DOE transportation of that shipping lot” (Article IV.A.2(b), 
Contract).  At this point, it is assumed that the final delivery schedule that is required 
(Article V.C, Contract) to be submitted 12 months prior to the date upon which the SNF is 
delivered by the utility to DOE will have been approved.  
 
4.3.6.2.  Authorizations and Notifications.  The main authorizations and notifications are listed 
below.  
 

• As noted above, a utility must inform DOE sixty days prior to the commencement of 
onsite activities. 

• The utility and DOE must agree on the canisters that will be shipped and a description of 
the package (packaging and contents) 7-8 months before the planned shipment.  This is 
necessary because shipment content information has to be included in the route plan DOE 
submits to the NRC 6 months before the shipment takes place.  

• At the same time as the information needed for the route & security plan is provided, the 
details on UNF in the canister have to be provided.  The utility and DOE must ensure that 
the canister contents are bounded by the transport cask's NRC CoC.  At the time that the 
Contract was signed, bare UNF shipments were contemplated, so DOE could witness the 
loading of a transport cask that would accept bare fuel.  With the advent of canister based 
systems, DOE will not have witnessed canister loading, so now the utility must provide 
detailed UNF information because the contents of the canisters cannot be inspected. 

• DOE must submit a transport route plan to the NRC before a shipment.  NRC Regulation 
(NUREG) 0561 recommends submitting route plans to the NRC for review and approval 

6 In most cases, “Purchaser” in the contract means U.S. Utility. 
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6 months prior to the shipment.  Given the degree of uncertainty about the process for 
route approvals with the unsettled role for the NRC given the requirements established in 
49 CFR 172 for rail routing, DOE should plan to mediate between the railroads and the 
NRC with extra time until the process becomes routine.  Although the NUREG 0561 
recommends routes be submitted for review six months before the shipment is scheduled, 
the first couple of shipments where the relative roles of the railroads and the NRC are 
ironed out should provide an additional two months for the review and approval process. 

• The canister handling and loading equipment should be provided to the shipping site two 
months prior to the shipment start date for familiarization training and hardware checks.  
The site specific training plan should be provided with the equipment.  When the 
handling equipment is sent, the maintenance records for the casks to be used should be 
checked to ensure they will be current for the duration of the shipping operation.  If not, 
new maintenance routines need to be performed.  

• The empty casks and their skids should be provided one month prior to the shipment for 
the first year to provide additional time for familiarization with the loading process.  
Once operations become routine, this time may be shortened.  Final site training is 
performed during this last month.  Final scheduling details with the railroad, any portable 
crane operator, any heavy haul or barge operator also need to be resolved in accordance 
with contracts established well before the last 12 months.  

• Rail and truck shipments require the licensee to provide shipment notification to the NRC 
and to the Governor or Governor’s designee before shipments are made within, or 
through any state.  Notifications are also required to the appropriate Tribal official or the 
Tribal official’s designee for shipments that are made through, or within any federally 
recognized tribe.  NRC notifications are required 10 days before the shipment.  State and 
tribal notifications must be postmarked seven days before the shipment, if provided in the 
mail.  Written notifications to states and tribes can be provided four days prior to the 
shipment if delivered by messenger.  The information required in the notification and the 
requirement for protecting the shipment information is defined in 10 CFR 73.37(f).  Any 
shipment schedule changes that affect the proposed start, or end time of a shipment by 
more than 6 hours must also be provided to states, tribes and the NRC by telephone or 
other means. 

• In October of 2010, the NRC issued a notice of proposed rulemaking (NPRM) that would 
change the security requirements for shipments of UNF in this country by all modes of 
transport.  The comment period closed in April of 2011.  The NRC staff made 
appropriate changes in a final rule that was submitted to the Commission for approval in 
January of 2012. No final rule has been published in the Federal Register.  NUREG 0561 
Revision 2 gives some insights into the proposed changes, but the NUREG was issued 
with the NPRM, and will have to be updated to match the final rule when it is published.  
This is another issue that must be watched closely for changes in transportation 
requirements that will certainly be in place before shipments to a CSF begin.   

• For any heavy haul or other truck operations, the names and identification of the drivers 
have to be provided five days before shipment begins.  

• The positioning of rail cars or heavy haul trailers and affixing of DOT placarding must 
take place three days before shipment begins. 

• The finalized Bill of Lading and shipping papers must be made available one day before 
shipment begins. 
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4.3.6.3.  Transport Cask Loading Operations.  The transport loading operations listed below 
provide the details of the operations. Some important pre-shipment checks include: 
 

• Ensuring that equipment (e.g., transfer cask, transport cask, lift yokes, etc.) annual 
maintenance and testing certifications are up-to-date and applicable to the specific 
shipment.  

• Checking that personnel training is current and applicable to the specific shipment and 
transport cask system. 

• Conducting radiological surveys at appropriate intervals and just prior to offsite 
movement to document compliance with DOT and NRC surface contamination and 
radiation dose regulations. 

 
A sequence for removing a canister from a VCC and inserting the canister into a transport cask 
ready for offsite shipment is presented below.  The terms are generic as much as possible so that 
a general understanding of the sequence is applicable to any number of sites.  The process is 
slightly different for canisters stored in a horizontal configuration and for canisters that are stored 
vertically, but removed horizontally by rotating the storage cask 90o (“down-ending” as noted in 
other sections of this report).  The time and level of effort required to transfer a canister from a 
storage cask into a transport cask is similar for all systems.  Site specific procedures will have to 
be prepared for all systems currently in storage even for VCC systems that look similar.  All 
transport casks will ultimately be loaded onto a skid with impact limiters and a personnel barrier 
for the actual shipment.  This operational description is merely intended to convey the level of 
effort required to prepare a DPC for shipment. 
 
4.3.6.4.  Transport Cask Loading Sequence.  Operational activities for moving canisters into 
transport casks are essentially a reverse of the onsite loading operation of inserting a loaded 
canister into a VCC.  The sequence ends with the placement of the canister into the transport 
cask, and the transport cask prepared for offsite transport. 
 
The offsite transport operational sequence begins with receipt of the empty transport cask onto 
the site about 2-4 weeks before the shipment; off-loading the cask from the transporter; 
inspection of the cask and vehicle for shipping damage; and the vertical placement of the 
transport cask in the transport cask loading area.  The transport cask lid bolts are removed and 
the lid is lifted and removed using an appropriate sling set or lifting rig.  If needed, a spacer is 
placed in the bottom of the transport cask cavity to accommodate shorter canisters.  An 
adapter/shield ring and second hydraulically operated transfer adapter plate are installed for the 
canister loading process in the lid recess to provide additional radial shielding and to protect the 
seal seating surfaces in the recess from impact damage, and to provide for the operation of the 
transfer cask shield doors during canister loading into the transport cask. 
 
The VCC containing the DPC to be shipped is moved, if required, from the ISFSI pad to the 
transport cask loading area using the onsite vertical cask transporter or air pallets.  Once the 
VCC is in position for canister transfer, the cask transporter is disengaged and moved from the 
immediate work area. 
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The onsite transfer cask and transfer adapter7 are inspected and staged for support of the canister 
removal and transfer operation.  The VCC lid is unbolted and removed.  The adapter plate is 
installed on the VCC, and the transfer cask is connected to the crane hook using the transfer cask 
lifting yoke, lifted, and placed on the adapter plate.  Once the transfer cask is positioned, the lift 
yoke is disengaged from the crane hook and moved to a designated storage area.  As required by 
the dry storage system's NRC CoC, a restraint system may be required to maintain the stability of 
the transfer cask in position on top of the VCC/adapter plate. 
 
The transfer cask door hydraulic operating system is connected to the transfer adapter hydraulic 
cylinders and the transfer cask doors are opened.  The crane hook fitted with either a hoist 
system or redundant sling sets is connected to the canister (hoist rings or lift rings) and the 
system is readied for lifting. 
 
The loaded canister is then lifted from the VCC into the transfer cask, and the shield doors are 
closed and locked.  The canister lift system is disengaged from the canister and crane hook, and 
the lift yoke is re-engaged to the crane hook to lift the transfer cask and places it in a designated 
area.  The transfer adapter is removed from the VCC and installed on the top of the transport 
cask, or a second transfer adapter can be provided to minimize additional operations in moving 
the transfer adapter from the VCC to the transport cask during the loading process. 
 
The transport cask is now prepared for canister transfer and loading.  The transfer cask lift yoke is 
moved into position and the transfer cask is lifted and positioned on the adapter plate on top of the 
transport cask.  The lift yoke is removed and placed in a designated storage area.  As needed, a 
seismic support structure can be used to stabilize the transfer and transport casks during this 
transfer.  The canister lift slings or hoist system is reconnected to the canister lid, and the system is 
connected to the crane hook.  The canister is lifted off the transfer cask doors, the doors are opened 
and the canister is lowered into the transport cask.  The canister hoist or lift sling system is released 
and the transfer cask doors closed. 
 
The transfer cask lift yoke is retrieved and the transfer cask is lifted off the transport cask and 
returned to its designated storage area.  The transfer adapter plate and adapter/shield ring are then 
removed from the transport cask and returned to storage, or to the next transfer operation.  As 
required, a top spacer is installed on top of the canister for short, center loaded canisters. 
 
The transport cask lid with new metallic seals installed is lifted using an appropriate sling set or lift 
rig, and lowered into the transport cask lid recess.  The lid bolts are installed and torqued.  
Hydraulic torquing devices are required to achieve the required lid bolt torque values. 
 
The cask containment is then prepared for transport by the evacuation of the ambient air from the 
cavity using a vacuum pump and backfilling with high purity helium gas to atmospheric pressure 
through the vent port opening in the cask closure lid.  The vent port cover plate is then installed 
with new metallic seals, and helium leakage testing of the containment vessel penetrations (lid and 

7 The adapter plate is placed on top of the overpack. The adapter plate is an interface plate, which uses a hydraulic system to open 
and close the transfer cask shield doors. 
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vent port metallic seals) is performed to confirm the leak tight integrity of the containment 
boundary.  
 
The transport cask is now ready for placement on the intermodal transport frame (i.e., skid) 
located (i.e., bolted in place) on the railcar or other transporter.  The transport cask is then lifted 
using the transport cask lift yoke and lowered until the rear trunnions at the bottom of the 
transport cask rest in the transport frame supports of the rear stanchions.  The cask is then rotated 
into the horizontal position with the upper forging of the cask supported on the transport frame’s 
front saddle.  The lift yoke is removed and the two front lifting trunnions are unbolted, removed 
and stored on the transport frame. 
 
The rear impact limiter is then bolted in place onto the bottom recess of the transport cask and 
the front tie-down strap is installed over the cask’s top forging.  The front impact limiter is then 
installed and bolted to the transport cask body.  A tamper indicating device is attached to the 
front impact limiter in accordance with 10 CFR 71 requirements. 
 
A personnel barrier is then installed around the cask’s neutron shield and between the impact 
limiters to prevent access to potential high radiation dose and high temperature surfaces and 
locked to prevent unauthorized access in accordance with DOT and NRC regulations. 
Final radiological and contamination surveys are performed and the shipping papers completed 
for release of the radioactive package to the carrier for transport. The transport cask (i.e., 
package-transport cask with installed impact limiters containing the authorized contents) is now 
ready for shipment. 
 
Required auxiliary equipment includes: 
 

• Transfer cask and associated lift yoke; adapter plate(s) and auxiliary hydraulic system(s) 
• canister lifting sling set and hoist rings, canister hoist system, or lifting rig compatible 

with the DOE supplied canister lifting ring  
• adapter ring; vacuum drying and helium backfill system to evacuate the cavity and 

backfill the cavity with helium  
• lid lift slings  
• transport cask lift yoke  
• helium leak detection equipment to perform the required helium leakage tests  
• standard tools 

 
Handling operations are as follows. 
 

• The impact limiters are handled using sling sets connected to lifting lugs located on the 
impact limiter shell. 

• The personnel barrier is lifted and handled using slings attached to connecting points on 
the frame’s steel structure. 

• The transport cask is lifted, rotated and handled using a lift yoke that engages to the outer 
shoulder of the cask’s top lifting trunnions. 
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• The transport cask lid can be handled using sling sets attached to the threaded holes in the 
cask lid or by engagement to the cask lid lifting fixture (identical in design to the canister 
lifting fixture). 

 
4.3.6.5.  Shipment and Unloading.  Depending on the expected duration of loading operations, 
the escorts for the shipment will either be staged during the final preparations for departure after 
the last surveys are taken, or the loaded casks will be stored with security until pick up the 
following day.  Just prior to the start of the shipment, the movement control or tracking center 
will have to be notified and the tracking signals and communications channels between the 
escorts and the tracking center verified.  If the new provisions in the revised security rulemaking 
the NRC has proposed go into effect, other notifications may also be required as the shipment 
starts moving.   
 
En route, regular checks between the escorts and the movement control center will be required 
when the new NRC security rule goes into effect.  States have long asked for inspections of rail 
cars as they cross state lines, but that cannot be arranged in the way state inspections of trucks 
are conducted.  The railroads do not have sidings as they cross state lines, and the new rail 
routing criteria under 49 CFR 172 require en route stops to be minimized for security reasons. 
Negotiations to limit state safety inspections to one prior to departure and one upon arrival for 
DOE’s truck shipments of radioactive material should continue, and that approach should be 
applied to all rail shipments. An agreement can be put in place to repeat inspections if 
unexpected operational problems occur during the shipment that require attention at a 
classification yard.   
 
Once the shipment reaches its destination, the unloading of transportation casks follows the 
reverse procedure of the loading operations and this is described in detail in Section 4.2.2.  When 
the transport casks have been emptied of their cargo, they will be surveyed for radioactive 
contamination and any routine maintenance required by their certificates will be performed.  
Then the transport casks can either be placed into storage, or dispatched for reuse. 
 
4.4  SECURITY CONSIDERATIONS 
 
The CSF will have a security program with an overall objective of providing high assurance that 
activities at the facility do not constitute an unreasonable risk to public health and safety or the 
common defense and security (10 CFR 73.51(b)).  The program will include the following four 
parts: 
 

• Fixed site physical security plan (including training and qualification plan) 
• Integrated contingency response plan (including onsite and offsite forces) 
• Fuel transfer and receipt plan (including division of responsibilities between shipper and 

receiver) 
• Safeguards Information protection plan 

 
Unlike the security organizations at the nation’s nuclear power plants, the CSF is not required to 
have an onsite armed response force.  Response to unauthorized activities relies more heavily on 
offsite forces; therefore liaison agreements and training for these offsite responders are critical. 
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The Safeguards Information (SGI) protection plan must be established very early in the design 
process.  As details are developed for the layout of the facility, the location of components 
critical to safe operation of activities on site will be considered sensitive information, useful to an 
adversary.  
 
The physical security plans recommended in this chapter recognize the current state of regulatory 
requirements.  The NRC is, and may continue, considering changes to these requirements.  These 
changes may dictate some alteration in the recommendations made here; if so, those will be 
addressed at the appropriate time. 
 
4.4.1  NRC Requirements 
 
4.4.1.1.  Licensing Requirements.  10 CFR 72 includes several provisions regarding security 
matters in the licensing of a CSF. Specifically, 10 CFR 72.56, “Application for Amendment of 
License,” sets forth the process for applying for amendments to the license.  The Physical 
Security Plan (PSP) is a part of the license, so changes to the PSP must be processed through this 
section (See Appendix C for an outline of the PSP).  Other provisions of 10 CFR 72 include the 
following. 

 
• 10 CFR 72.180, “Physical Protection Plan,” addresses the physical protection plan 

(called “physical security plan” (PSP) in this document, as a trade term common to 
security), and describes record retention requirements. 

• 10 CFR 72.182, “Design of Physical Protection,” stipulates the design basis for security 
features of the CSF.  

• 10 CFR 72.186, “Change to Physical Security and Safeguards Contingency Plans,” 
stipulates the conditions under which the PSP may be changed.  Specifically, the section 
prohibits changes that would reduce the effectiveness of the PSP without prior 
Commission approval.  The section also discusses the record-keeping requirements 
pertaining to the PSP. 

• 10 CFR 72.184, “Safeguards Contingency Plan,” requires the CSF to have a plan for 
responding to threats and radiological sabotage in accordance with Title 10, Code of 
Federal Regulations, Part 73,“Physical Protection of Plants and Materials” 
(10 CFR Part 73).   It also establishes record retention requirements. 

 
4.4.1.2.  Records and Reports.  10 CFR 72.75, “Reporting Requirements for Specific Events 
and Conditions,” describes the reporting requirements concerning declarations of emergency.  
Although this section is not solely the purview of the security organization, emergencies that 
have a security component (either caused by a malevolent act or involving a degradation of the 
security program) would be reported under this section.  Therefore, the integrated contingency 
response plan (discussed in section 6.6, below) must consider this section.  Additionally, this 
section describes several levels of emergency reports, including emergency notifications and 
several levels of non-emergency notifications. 

 
10 CFR 72.80, “Other Records and Reports,” describes types of records and reports to be 
maintained and the time periods associated with them. 
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4.4.1.3.  Specific Security Requirements.  Several sections of 10 CFR deal with the specific 
security requirements at the CSF, including sections in Part 72 and Part 73.  

 
10 CFR 73.51, “Requirements for Physical Protection of Stored Spent Nuclear Fuel and High-
Level Radioactive Waste,” outlines the broad performance objectives of the security program at 
the CSF and discusses physical protection systems, components, and procedures.  

 
10 CFR 73.37, “Requirements for Physical Protection of Irradiated Reactor Fuel in Transit,” 
establishes the performance objectives and general requirements for spent fuel transportation.  
Although the CSF will be designated as the receiver of shipments, the requirements in this 
section will have some bearing on how the material is received and how the handoff from the 
shipper takes place.  This section will also specifically require physical protection when the SNF 
is shipped from the CSF to either a repository or a reprocessing plant. 
 
4.4.1.4.  Safeguards Information.  10 CFR 73.21, “Protection of Safeguards Information: 
Performance Requirements,” sets broad requirements for the protection of SGI, while 
10 CFR 73.22, “Protection of Safeguards Information: Specific Requirements,” describes the 
type of information to be protected, the means of protecting it, and conditions for access to SGI. 
 
4.4.2  Security Organization 
 
The PSP must describe the security organization at the CSF, including responsibilities and 
authorities, and the relationship between the levels of the security organization and the offsite 
response forces.  This section of the PSP must describe the command structure as well as the 
decision-tree for managing routine security and contingency response. 
 
This section of the PSP must also describe the qualifications and training for members of the 
security organization, according to the duties that would be assigned to each member, and the 
expectations of support from offsite armed responders. 
 
4.4.3  Layout of Facility and Protected Area 
 
The PSP must include a detailed layout of the site, including the protected area (PA), all other 
controlled areas within the PA, and the location of significant security components within the 
site, including all underground commodities necessary for security and normal operations of the 
facility.  The layout should also describe any isolation zones or other areas where specific 
activities or protection are required. 
 
4.4.4  Security Systems and Equipment 
 
The PSP must describe the systems and equipment that are components of the security program 
at the CSF.  The description of these systems and equipment must include type, performance 
parameters, placement, signal transmission to alert or alarm stations, and testing and 
maintenance programs associated with them. 
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The PSP should also identify any other systems and equipment not specifically treated as 
components of the security program but which might have an impact on the effective operation 
of the security program. 
 
4.4.5  Access Authorization and Access Control 
 
The physical security system must include a program for processing new employees for access 
authorization, including background checks and trustworthiness evaluations.  This program may 
reside outside the PSP itself; if so, the access authorization program must have its own 
documented procedures.  This program must include a methodology for periodic updates to the 
trustworthiness of the employees, including, if appropriate, behavioral observation by 
supervisors, random drug and alcohol testing, and periodic psychological assessments. 

 
The PSP must include a description of access control at the site.  The access control program 
must have the capability of differentiating full-time site employees, employees who only 
occasionally require access to the site, and visitors.  
 
4.4.6  Integrated Contingency Response Plans 
 
The physical security program must include a separate Contingency Response Plan (CRP) in 
accordance with applicable requirements of 10 CFR Parts 72 and 73.  This CRP must account for 
onsite response capability as well as offsite responders, and include a description of the 
armaments, equipment, and other systems used to facilitate the response.  The CRP must also 
describe the command structure that links the onsite and offsite forces, the decision-tree for rapid 
response, and the timelines for response, particularly with regard to the offsite resources being 
deployed in an emergency. 
 
4.4.7  Liaison Agreements 
 
The PSP and CRP must describe the liaison agreements between the CSF and offsite response 
forces, including written agreements from the offsite forces that describe their commitment in 
terms of staffing, armaments, and timing for the response. 
 
4.4.8  Shipment of Spent Nuclear Fuel 
 
The PSP must describe the process for receiving UNF at the site, the handoff agreements with 
shipper (particularly with respect to the transfer of security responsibilities), and the security 
commitments that relate to the initial receipt of the SNF before it reaches the final storage 
location. 
 
4.4.9  Audits, Records, and Reports 
 
Audits, records, and reports are required in various sections of 10 CFR.  The PSP must account 
for these requirements, describe the process for complying with these requirements at the CSF, 
and detail responsibilities for ensuring compliance onsite. 
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4.4.10  Safeguards Information Protection Plan 
 
A separate SGI protection plan must be developed in accordance with 10 CFR 73.21 and 73.22. 
Because the details of the design may later become sensitive information that could be used by 
an adversary to conduct a malevolent act against the facility, the SGI protection plan must be 
developed very early in the design process.  The concept is to establish a filter for information 
that is being developed to ensure that it is captured in the SGI before public release occurs. 
 
4.5  OPERATIONAL SECONDARY WASTE  
 
The design concepts for the CSF address the generation of a small volume of Class A radioactive 
waste during the operational years of the facility.  The quantity and characterization of the waste 
discussed in this section is based on empirical data collected from the operation of existing 
facilities.  While the quantity of waste is relatively small it will need to be accounted for in the 
design of the CSF and the operational cost will need to be allocated in the CSF operational 
budget. 
 
4.5.1  Design Considerations to Facilitate Processing Operational Waste 
 
4.5.1.1.  Ventilation.  The CSF buildings will need to have exhaust filters that are designed to 
accommodate the accumulation of low level radioactive particulates.  Even though the amount of 
potential airborne contaminants is likely to be extremely low the ventilation system will tend to 
concentrate it and therefore the design must be able to process the potential waste.  The need for 
activated charcoal filters is not anticipated, because less than 1% of the UNF can be expected to 
leak volatile radioactive gases; however the capability should be available as a precaution against 
any unforeseen events. 
 
4.5.1.2.  CSF Pool.  A pool is included in the CSF concept to process bare fuel into canisters or 
repackage canisters.  The pool will be the primary location that radioactive contaminants will be 
found.  Pool filters and ion exchange columns will be used to maintain the pool water chemistry.  
These filters and ion exchange resins will also accumulate radioactive contaminants.  It is 
anticipated that pool operation will be similar to as those at the Nuclear Power Plants as far as 
the handling, shipment and disposal of filters and ion exchange resins are concerned.   
 
4.5.1.3.  Decontamination Facility.  The CSF will have a decontamination pit to accommodate 
general service for the CSF operation.  This will accommodate decontaminating tools, 
components such as valves and pumps, and casks and canisters. The decontamination process 
will generate low level solid and liquid waste that will need to be treated and then disposed of on 
a periodic basis. 
 
4.5.1.4.  CSF General Area.  Although the majority of the CSF should remain free of any 
radioactive contaminants; however, there is some potential that a canister could spread 
contamination outside the PRF.  The PRF may need to be decontaminated via traditional 
methods.  The process to decontaminate areas will generate small amounts of solid and liquid 
low level waste. 
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4.5.1.5.  Waste Storage Area.  Accommodations for storage of LLW are addressed in the design 
of the CSF.  Although the volume and activity level should be relatively low it is prudent to 
allow for proper storage prior to shipment offsite.  In order to allow for proper shipment the 
storage area should have facilities for packaging the waste including compaction of dry waste 
and proper dewatering of ion exchange resins and filters. 
 
4.5.2  Waste Volume 
 
Based on operational data from current stand-alone fuel pool operation (considering a pool size 
of 50 ft L x 40 ft W x 50 ft D) it is estimated that 60 ft3 of ion exchange resin will be generated 
per year that will require disposal.  Additionally 5 Dry Active Waste boxes (680 ft3 of waste) are 
anticipated to be generated annually to support CSF operation. 
 
4.6  DECOMMISSIONING CONSIDERATIONS 
 
In line with the scope of Task Order 11, this section describes only the considerations for the 
conceptual decommissioning plan.  Because an application for licensing of the CSF will need to 
be submitted to NRC in accordance with the licensing requirements under 10 CFR 72, the 
application must also include estimated decommissioning costs.  A decommissioning plan is 
required under 10 CFR 72.30 containing sufficient information on proposed practices and 
procedures for decontamination of the site and facilities for the disposal of residual radioactive 
materials as well as the financial assurance information related to decommissioning.  At the end 
of the operation period of CSF, licensing termination actions and decommissioning actions will 
be required in accordance with 10 CFR 72.54.  
 
At this stage, the exact nature of the design of the facility is not known.  Only conceptual 
information has been developed on the storage systems, handling equipment, and structures at 
the site.  Therefore, only general considerations related to decommissioning of the CSF are 
discussed here.   
 
The Preliminary Decommissioning Plan submitted with the licensing application would include 
more site-specific information on tasks, activities, costs, funding mechanisms, as well as a 
detailed design of the structures, systems and components.  In later stages of the project, a Final 
Decommissioning Plan would include detailed information on the CSF decommissioning 
including organizational details, planned stages and schedules, detail of activities, 
decontamination techniques, procedures, and detailed costs of individual activities, waste 
disposal and the financial details.  These plans would include options for re-commissioning 
facilities for other purposes if desired by the host community as part of the overall 
decommissioning plan.  The administration, training and security facilities are prime candidates 
for re-commissioning for other purposes. 
 
4.6.1  Design Considerations to Facilitate CSF Decommissioning 
 
In 10 CFR 72.130, the NRC requires that the facility must be designed for decommissioning and 
provisions must be made in this regard.  For CSF, the following considerations will be taken into 
account. 
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4.6.1.1.  Minimizing Activation Products.  The UNF loaded into the casks and stored at the site 
is expected to be sufficiently cooled and the neutron flux from the spent nuclear fuel is not 
expected to lead to significant activation products.  However, during the fabrication of the 
canisters and the casks, steps can be taken to minimize the potential of activation products by 
selecting suitable steel materials and concrete aggregates. 
 
4.6.1.2.  Cask Design Features.  Using a steel liner in cask designs provides for ease of 
decontamination.  The gamma and neutron shielding material enclosed between steel plates 
provides shielding.   
 
4.6.1.3.  Avoiding Unwanted Radiological or Hazardous Material.  The CSF will need to 
maintain strict acceptance criteria and administrative procedures to ensure that the UNF, 
canisters, containers, and other packages received at the site are free from contamination; 
radiological as well as non-radiological hazardous material.  Specific attention will be required to 
ensure that the materials introduced into the facility will not lead to creation of mixed waste.  
Materials used at the site will also need to be free from hazardous materials.  For example, any 
electrical equipment known to contain polychlorinated biphenyls (PCBs) will not be used; piping 
insulation will not contain asbestos; paints used will not contain PCBs or lead or other RCRA 
material. 
 
The GTCC waste accepted into the facility will be appropriately containerized at the source (i.e., 
at the reactor sites).  Pending decisions on final disposition, these wastes could also be 
repackaged at the CSF prior to removal for disposal or other beneficial use. 
 
4.6.1.4.  Clean Operations and Avoiding Cross-Contamination.  The facility will maintain 
clean operations throughout its operating life through procedure controls and other measures.  In 
case of contamination occurring (through accident e.g., drop, spillage), such contamination will 
be removed and the area restored to clean status. 
 
Nevertheless, during planning and cost estimating for decommissioning, some consideration will 
be taken into account to conservatively assume that certain areas and components may require 
decontamination. 
 
4.6.1.5.  Building Surfaces.  Some buildings at the site may have a potential for contamination 
due to their specific use during the operations. Examples are the Canister Transfer Facility and 
the Pool Repackaging Facility.  The concrete floors and walls of these buildings may be lined 
with epoxy or special coatings/paint (without hazardous chemical constituents that could make it 
RCRA waste).  This advance planning will facilitate decontamination by wiping down of the 
surfaces or stripping the coating.  It will avoid the need to apply more expensive methods such as 
abrasive blasting or having to treat most of the material as radioactive waste. 
 
4.6.2  Decommissioning Approaches 
 
The decommissioning schedule for the CSF will be tied to the availability and operation of a 
geologic repository.  The decommissioning activities will be conducted in a phased approach.  
The main elements of the CSF decommissioning are: 
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• Storage casks and pads decommissioning 
• Fuel pool decommissioning 
• Dismantlement of structures and removal of equipment and materials 
• Residual radioactive contamination removal and site release under applicable 

NRC criteria (10 CFR 20.1402). 
 

The fuel pool decommissioning will involve removal of the equipment from the pool and 
packaging of the waste in appropriate waste/shielding packages.  Remote underwater cutting 
techniques can be used if necessary.  The water will be removed and processed in the water 
cleanup system.  Some of the more innovative technologies have been demonstrated at spent fuel 
pools; for example, application of underwater cleaning and coating process developed at Idaho 
National Laboratory should be considered for use in decommissioning the CSF. 
 
The eventual objective of the decommissioning will be to release the site without radiological 
restrictions. 
 
4.6.3  Decommissioning Organization, Phases and Activities, Technologies, and Records 
 
 4.6.3.1.  Organization.  It is expected that DOE or FedCorp will be responsible for 
constructing, operating and decommissioning the CSF.  The DOE or FedCorp will be a licensee 
under the NRC regulations and will be responsible for the decommissioning activities.  It is 
possible that, similar to reactor decommissioning projects, they may choose to engage a 
Decommissioning Operations Contractor (DOC) to plan and execute the decommissioning 
activities.  Nevertheless, it is expected that organization of the decommissioning project will be 
consistent with the guidance in NUREG-1757, Vol. 1 Rev. 2, Consolidated Decommissioning 
Guidance (or later version at that time).  Thus, management organization, and various functions 
will be defined, including, remedial actions, health and safety, waste management, radiation 
safety, surveys, and contractor support.  
 
At this conceptual stage no site has been selected for the location of the facility.  When the 
location has been determined, the state where the facility is located will need to interface with 
the DOE or FedCorp throughout the phases of construction and operation of the facility.  It is 
also expected that the state will have input and interface during the decommissioning phase.  
 
4.6.3.2.  Phases and Activities.  Decommissioning will be conducted in phases and with the 
overall decommissioning period lasting five to ten years. 
 
In Phase 1, preparation will be made for sequencing the activities and lining up resources, 
contractors, waste disposal access, logistics and permits that may be necessary.  Some 
decommissioning activities may start before all the fuel canisters have been shipped offsite to the 
repository.  In Phase 2, the storage pads will be decommissioned and uncontaminated materials 
will be released as bulk materials.  Decontamination activities will be undertaken as necessary.  
Phase 3 will involve decontamination of many of the structures and equipment, release of 
decontaminated materials, storage of low level radioactive waste and/or its shipment to a waste 
disposal site.  Phase 4 will involve decontamination and decommissioning of the fuel pool.  
Phase 5 will involve removal of the final structures and equipment at the site, development and 
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submission of the License Termination Plan (LTP) and cleanup guidelines, radiological surveys, 
and remediation of the site and soils (excavation and refill, as necessary).  Phase 6 will be Final 
Status Survey of the site and other NRC required activities and termination of the license.   
 
The Decommissioning Plan is expected to be maintained as a living document throughout the 
various phases of the facility and will be updated on a regular basis and as necessary.  
 
4.6.3.3.  Technologies.  Technologies for decommissioning of nuclear facilities are mature and 
many reactor sites and non-reactor nuclear facilities have been decommissioned in the United 
States and other countries.  It is expected that between now and during the long operational life 
of the facility after its construction, technologies will be further refined and innovative 
technologies may become available to provide more efficiency and cost savings. Among the 
technologies of today, a range of conventional technologies have proven efficient and cost-
effective and can be used for decommissioning of the CSF.  These include: metal cutting and 
pipe cutting techniques (oxy-acetylene torches and other techniques); concrete cutting and 
demolition techniques (concrete saws, diamond wire cutting, pneumatic jackhammers, chipping 
hammers, and demolition machines); demolition of structures; size reduction and volume 
reduction technologies; excavation and back filling.  

For contaminated concrete, surface contamination can be removed using conventional means 
(vacuuming, cleaning with water or decontamination agents).  For contamination in upper layers 
of concrete, more aggressive decontamination techniques can be used (abrasive blasting, shot 
blast or abrasive scabbling, dry-ice blasting) though the use of surface coatings is expected to 
minimize the need for these more aggressive techniques. 

For pool water cleanup, the filtration and ion exchange techniques used at the reactor sites are 
relevant.  Experience at decommissioned reactor sites is also relevant as it relates to 
decontaminating the spent fuel pools and their removal.  The characterization techniques and 
protocols for radiological surveys of the buildings and the site are also well established. 

4.6.3.4.  Records.  Per 10 CFR 72.30 (d), records important to the decommissioning will be 
preserved until the site is released for unrestricted use.  These records will include the 
decommissioning plan that is updated at regular intervals (e.g., every two years), records of any 
spills or contamination events, decommissioning cost estimates, and as-built records and 
drawings of the onsite facilities and any modifications made during the operations phase. 
 
4.6.4  Decommissioning Wastes   
 
As the UNF assemblies will remain sealed in the canisters, and it is expected that site operations 
will be clean, most of the decommissioning waste volume is expected to be nonradioactive.  
When a repository opens for permanent disposal, repackaging of the canisters could occur at the 
CSF or at the repository site.  
 
Even though unlikely, some contingency in this regard will be considered in case of leakage 
from potential failure of canister seals.  If bare UNF is packaged into canisters at the facility, 
waste from such activities will need to be considered.  However, these wastes will be managed as 
a part of the facility operations.   
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From a decommissioning perspective, the storage casks are unlikely to be contaminated, 
however, some contamination is possible over the long storage period.  In addition, depending on 
the neutron flux from the UNF in the canisters, there is some possibility of activation products 
being formed in the canister, cask lining material, and the cask.  The potential for this will be 
minimized as stated in Section 4.6.1.  
 
After the canisters are removed and shipped to the repository, the concrete pads are expected to 
have no residual contamination and it should be possible to release (for recycle or disposal) the 
concrete debris as bulk materials not requiring radioactive waste site disposal.  Although leakage 
is not expected, soil may be tested in selected areas when the pads are removed and in specific 
areas of the facility such as the offloading and repackaging areas.  Any contaminated soil will be 
disposed of at an appropriate offsite radioactive waste disposal.  As a conservative estimate, it is 
assumed that about ten percent of the concrete overpacks will require decontamination and 
disposal as low level radioactive waste. 
 
The radioactive waste generated during decommissioning is almost entirely expected to be 
Class A with some minor amounts in Class B category.  Note that the GTCC stored in canisters 
at the site will be sent to the repository when the stored spent fuel is sent to the repository.  
Class A waste from decommissioning can be sent to low level radioactive waste facility such as 
the Clive site in Utah or other such facilities operating at the time they are needed. 
 
It is expected that the majority of the concrete and steel material will not have radioactive 
contamination and may be recycled.  Alternatively, the concrete debris may be released as bulk 
materials for offsite disposal after surveying for bulk release.  Thus, radioactive waste volumes 
are expected to be relatively small. 
 
The spent fuel pool operations will generate radioactive waste during the operation of the pool; 
however this waste will be regularly shipped offsite for disposal as a part of the ongoing 
operation.  During the decommissioning phase, decontamination of the pool water and 
dismantlement and removal of the supporting systems will generate radioactive waste.  This has 
been taken into account in the decommissioning cost estimate for the spent fuel pool 
decommissioning.    
 
4.6.5  Decommissioning Costs and Funding Mechanism   
 
4.6.5.1.  Preliminary Cost Estimates.  Some portions of the decommissioning phase may start 
when the facility is in the final phase of the operation.  For example, this can happen closer to the 
final period of the operations phase if the transfer of spent fuel to the repository occurs at a rate 
so that many storage pads are unused and can be decommissioned (assuming that further spent 
fuel will directly go to the repository and no future need is anticipated at CSF).  Similarly, 
certain equipment and structures may be decommissioned earlier. 
 
From a cost perspective, the decommissioning is assumed to start after all the UNF canisters are 
shipped offsite to the repository.  Thus, the costs related to movement of UNF canisters are 
considered a part of the operations cost. 
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Significant cost considerations will need to be refined for the decommissioning of the spent fuel 
pool.  Based on the experience with the spent fuel pools at the reactor sites, preliminary estimates 
are developed and included here. 
 
The cost analysis here relies on industry data and information and reflecting several assumptions.  
For the purpose of this estimate it is assumed that these assumptions are valid for the generic 
CSF.  Consistent with standard cost estimating practice, contingencies are applied to cost 
estimates.  The estimated costs for key items and the overall preliminary decommissioning costs 
are described in Table 4-8. 
 
The following assumptions and data are used in developing the preliminary estimates in Table 4-
8. 

• The facility site is assumed to be approximately 123 acres. 

• The facility is designed for a maximum of 40,000 MT of UNF. Consistent with the 
assumptions for the TSM model, a conservative number of 3,400 casks are assumed to be 
stored on pads. In this estimate a single CSF facility is assumed. 

• Facility operation period is assumed to be 100 years after the startup of operations in 
2022.  For the base case the repository is assumed to start operation in 2035 and begin 
accepting UNF from the CSF. See section 5.0 for scenarios and assumptions. 

• Labor costs are included in the individual item estimates. 

• The decommissioning estimates presented here are preliminary based on conceptual stage 
design information of the facility and based on the current industry information.  At the 
end of the CSF’s operational life of 100 years, significant changes are likely to occur to 
waste management technologies, availability of waste disposal facilities, as well as the 
other economic considerations.  All these will affect the cost and schedule for ultimate 
decommissioning of the facility.    

• The sealed canisters ensure that radioactive materials associated with the UNF stay 
contained within the canisters.  Therefore, most of the concrete casks are expected to 
remain clean.  As a conservative estimate, it is assumed that about ten percent of the 
concrete casks would require decontamination and disposal as low level radioactive 
waste.  The activations are expected to be low enough to permit the use of conventional 
demolition techniques.  The rest of the casks are assumed clean and will be demolished in 
a similar manner; however these casks will be routed to disposal as standard demolition 
debris.   

• For estimating purposes and to be able to apply industry data, the Pool Repackaging 
Facility at the site is assumed to have a pool 50 ft L x 40 ft W x 50 ft D along with the 
ancillary systems for a spent fuel pool such as the water cleanup system.  A typical spent 
fuel pool is depicted in Figure 4-9 and spent fuel pool cleanout is depicted in Figure 4-10. 

• Other main facilities at the site include: Cask Fabrication Facility, Canister Transfer 
Facility, Administration Building, Receiving Yard and the electrical substation.  For the 
purpose of this estimate these facilities are assumed to be clean at the end of the CSF 
operations and it is assumed that only equipment removal, demolition and disposal of the 
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structures will be required.  Any contamination events during the long lifecycle of the 
facility are assumed to be cleaned up during the operation period.  

• Any radioactive surface contamination is expected to be readily removable based on past 
industry experience. 

• The buildings and grounds are expected to be clean meeting the NRC radiological release 
criteria without the need for decontamination.  Only a minimal portion of the facility site 
area may be considered impacted and may require mitigation measures due to 
contamination, such as hot spot cleanup.  These areas will be remediated and released 
after survey demonstrates that release criteria are met. Mitigation may include excavation 
of soil to a certain depth (assumed shallow) and backfilling with clean soil. 

• Non-impacted areas of the site will require no remediation and can be surveyed and 
released. 

• Per NRC Spent Fuel Project Office (SPFO) Interim Staff Guidance (ISG)-17, “Interim 
Storage of Greater Than Class C Waste”, GTCC can be co-located with UNF on a dry 
storage pad in accordance with the guidelines.  This is part of the 3,400 casks used in the 
estimates. GTCC waste in containers is assumed to go to the UNF repository for final 
disposal.  
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Table 4-8.  Preliminary Decommissioning Cost Estimates for CSF. 

Item 
Preliminary 

Estimate 
$ million 

(2012 dollars) 

Notes/Assumptions 

Storage Casks and Pads decommissioning. 
 

185 Based on assumptions and data extrapolated 
from industry.  

Building demolition and disposal 
including equipment removal and 
ancillary facilities removal security fence, 
rail spur, underground utilities). See 
assumptions. 

22 Onsite facilities removal. 

 

Spent fuel pool decommissioning. 63 See assumptions.  Of the total cost, $40.0 
million are period dependent costs including 
racks removal, decon & removal of systems 
supporting the SFP, decon of the SFP 
building, radiological surveys, underground 
utilities removal, radwaste processing & 
disposal, decon and removal of concrete, 
and clean back fill for restoration, staffing. 

License termination activities, LTP, 
survey costs for structures and selected 
soil areas, FSS. 

5  

Misc costs during decommissioning phase 
(property taxes, site security, office, NRC 
fees, other).  

15  

Total 290  
• Note 1: Due to the lack of actual design information at this stage (when the facility is not designed or built), standard 

costs for some of the activities are assumed in the preliminary estimates. The total decommissioning cost is estimated 
to be approximately 290 million dollars.  

• Note 2: If the CSF is used as a gateway to the repository, a larger pool may be required. The decommissioning costs 
will also go up with the larger capacity and a larger footprint. 
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Figure 4-10. Typical Spent Fuel Pool at a Reactor Site. 

 

Figure 4-11.  Spent Fuel Pool Cleanout at a Decommissioned Reactor Site. 

 

 
4.6.5.2.  Funding Mechanism.  A funding mechanism will need to be defined in accordance 
with the requirements of 10 CFR 72.30 (b) and (c) and reasonable assurance will need to be 
provided that funds will be available to decommission the facility. 
 
Since it is expected that a government agency or FedCorp will develop, operate and own the 
facility, an arrangement that is deemed acceptable by such governmental entity and by the NRC 
may be one option.  Alternatively, the decommissioning funds may be collected in advance from 
the reactor sites when the fuel is received for storage or funds may be allocated from the waste 
fund. 
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4.6.6  Release of the Site 
 
DOE or the Federal Corporation decommissioning the facility will prepare and submit a license 
termination plan (LTP).  For unrestricted release, requirements in 10 CFR 20.1402 must be met.  
The criteria of 25 mrem per year in terms of total effective dose equivalent to an individual will 
need to be demonstrated through pathways analysis (with codes such as RESRAD). 
 
Material equipment release will be in accordance with Multi-Agency Radiation Survey and 
Assessment of Materials and Equipment (MARSAME). 
 
For site cleanup, the methodology used will be to develop derived concentration guideline levels 
(DCGLs) for radionuclides of interest.  DCGLs may be developed for surface soil, subsurface 
soil, and if relevant (based on the location of the site) for streambed sediment.  The cleanup 
levels thus developed need to be acceptable to NRC and possibly other stakeholders such as the 
state where the facility will be located.  It should be noted that during the long operating period 
(100 years) of the facility, the some of the shorter lived contaminates (if any, such as Sr-90-, 
Cs-137) would have decayed significantly. 
 
By performing radiological surveys, the facility site can be demonstrated as having been cleaned 
up to the required levels.  A Final Status Survey (FSS) may be required by NRC following the 
methodology in Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 
 

5.  TOTAL SYSTEM MODEL 
 
5.1  TOTAL SYSTEM MODEL DESCRIPTION 
 
The Total System Model (TSM8), consisting of the TSM and the TSM Preprocessor (TSMPP), 
was developed to simulate the Civilian Radioactive Waste Management System (CRWMS) 
mission.  The TSM incorporates a number of elements to form a comprehensive systems analysis 
tool.  The TSM is: 
 

• A real-time process simulation model that achieves the established requirements and 
provides a rapid means to evaluate alternative approaches to achieve program and project 
goals 
 

• Based on established process optimization tools and methods, usability and accepted 
system analysis techniques 
 

• An end-to-end model with interaction of waste acceptance, transportation, and repository 
parameters and constraints. 

 

DOE 50040-UM-01-6.0, User Manual for the Total System Model 
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The TSM is a planning tool that estimates the logistic and impacts of various operational 
assumptions in accepting radioactive wastes.  The original TSM tracks SNF wastes from 
discharge from the reactor, through transportation, until ultimate emplacement in a geologic 
repository and calculates the various costs associated with onsite storage, transportation, and 
emplacement.  TSM also provides logistic information regarding the CRWMS, including 
information relative to the waste stream movement and the system resources required to 
accomplish that movement. 
 
The TSM is an “event driven” simulator, which means that it models movement of objects in a 
sequentially connected series of processes or activities based on the events that occur.  The main 
event that occurs in the simulation is that the “time” of the simulation is continuously 
incremented in 8-hour time steps.  The simulation progresses through the 8-hour steps until all 
waste cask loads are shipped, the cask loads are processed into waste packages, and the waste 
packages are emplaced.   
 
5.1.1  Original TSM Design 
 
The Original TSM design to support the CRWMS is shown in Figure 5-1.  The TSM is based on 
a modular structure for the core program functions and requirements that are integrated by an 
end-to-end systems analysis.  The modular structure allows independent “top down” analysis in 
each core module and integrated analysis using the TSM.  This provides the flexibility for each 
core program element to continue their design and implementation projects and tasks in parallel 
with the TSM development and implementation. 
 
The complete TSM consists of two separate programs to simulate the CRWMS mission: the 
TSMPP and the TSM simulation.  The TSMPP uses the existing and projected waste inventories 
to develop the cask loads for shipments and the target dates for the shipments from all of the 
waste sites, based on user input parameters for waste allocations, priorities, mission needs, and 
waste properties.  The main result from the TSMPP is the Initial State (IS) file that represents the 
shipment schedule and drives the TSM simulation.  The IS file is also used to set the work orders 
for the transportation casks, which determine the number and type of transportation casks to buy 
versus time.  The TSM can also be run in an “open” mode that allows the TSM simulation to 
determine the number of casks needed to support the system logistics flow.  The TSMPP models 
a variety of different types of dry storage casks at the reactors and the transportation casks used 
at the reactors and DOE waste sites. Various casks and canister technologies, such as 
Transportable Storage Casks (TSCs) and DPCs, and uncanistered (bare) UNF transportation 
casks can be simulated. 
 
The transportation network is modeled by a series of department maps that contain the processes 
and connectors for modeling the transportation of shipments of loaded casks from the waste 
acceptance sites to Nevada (for the original model).  The transportation routes are included in the 
10 transportation map departments: 5 for Legal Weight Truck (LWT, “truck”) routes and 5 for 
the rail routes. 
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Figure 5-1.  Original TSM Logic Functions and Modules. 

 
 
Figure 5-2 shows a view of the Southeast transportation map showing the visual indicators that 
indicate the status of transportation resources and elements.  The lines connecting the sites have 
information on the distances between the nodes.  Other map departments have similar 
construction. 
 
Thermal properties of the CSNF influence the actions and handling at many points in the 
CRWMS and the TSM covers the thermal characteristics from reactor discharge to emplacement 
in the repository.  The TSM includes thermal constraints related to waste acceptance at the waste 
sites, transportation cask thermal limits, and emplacement thermal constraints.  The TSM tracks 
the heat for each assembly from discharge to the reactor pool to final emplacement at the 
repository.  So, the assembly heat is available at all points in the simulation where thermal 
constraints are implemented.  With this beginning-to-end approach, the TSM assures that thermal 
constraints and system behavior are modeled with high fidelity and the repository thermal 
characteristics at emplacement are known. 
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5-2. TSM SE Rail Transportation Map. 
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shipment to the repository.   Since the scope of Task Order 11 is limited to CSF design and 
operation, transportation from the CSF to the repository is not specifically modeled. 
 

Figure 5-3.  TSM Functions and Modules for Task Order 11 Analysis. 

 
 

 
The transportation module in the original TSM was modified to: 
 
• Approximate the transit of shipments to the second (Eastern) CSF(in addition to the CSF 

located in the West) – this was done by “jumping” shipments from the northeast 
transportation map directly to the eastern CSF once they reached the rail jump points at edge 
of the map, rather than jumping to the Midwest map.  For southeast sites, shipments are 
jumped from the edge of the map to Atlanta and then routed to the eastern CSF, and 
shipments that go through Atlanta are routed from there to the eastern CSF.  Transit 
distances and times were modified as needed to approximate travel to the eastern CSF.  This 
introduces some small errors in the transportation logistics and cost analysis for the eastern 
CSF.  However, transportation costs are a small part of the overall life cycle cost.  In 
addition, the transit times are short compared to cask loading, barge, and HH times, so the 
error in the logistics analysis is small. 
 

• Adjust the Wet Handling Facility (WHF) process times to provide the necessary throughput 
for DPC repackaging.  Note that the TSM WHF serves as the Pool Repackaging Facility at 
the CSF. 

 
5.2  ASSUMPTIONS FOR TASK ORDER 11 TSM ANALYSIS 
 
This section lists the assumptions necessary to perform the TSM analysis of options for 
consolidation and storage of commercial UNF as part of a UNF disposal system. 
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5.2.1  Waste Stream Assumptions 

• Use the TSM 2009 UNF discharge projection  as a basis (~129,400 MT) 
• Assume all operating reactors receive a 20 year life extension 
• Assume Oyster Creek early shutdown in 2019 
• Notice of possible Kewaunee shutdown in 2013 (10/22/12) was received too late and plans 

are too imprecise to factor into TSM analysis 
• For purpose of this analysis, do not include Watts Bar 2 or Bellefonte completion, or any 

next-generation reactors 
• For scenarios with two CSFs, divide commercial UNF sites into “East” (NRC Region 1 and 

2) and “West” (NRC Region 3 and 4)  
 East = 65 reactors (73,800 MT), 57.1% of total 
 West = 54 reactors (55,505 MT), 42.9% of total 
 Includes stranded sites and Morris 

 
5.2.2  Storage and Transportation Assumptions 

 
Transportation Cask Fleet 

 
• Assume currently available rail transportation casks (DPC overpacks and TSCs) (see Table 

5-1), except assume the TN-32 will get a transportation CoC without administrative or 
operational restrictions. This assumption is based on the NRC approval to transport the TN-
40, which was originally only licensed for storage.  Any formal changes to the licensing 
approach for these casks needs to be factored into later consolidation planning and impact 
assessments.  

• No truck casks will be needed (all UNF sites will be able to load a rail cask) 
• Assume that high burn-up fuels are able to be transported in the future based on additional 

technical review, the receipt of burn-up credit and/or authorization to include moderator 
exclusion in transport package designs.  If this authorization is not received, all high burn-up 
fuel would have to be packaged as damaged fuel, and that would greatly reduce the number 
of assemblies that could be transported per cask as well as increasing the waste management 
system costs significantly (more dual purpose canisters, more transport casks, procurement 
of damaged fuel cans etc.). 

• For scenarios with bare UNF transport from reactor pools, assume transportation casks with 
a capacity of 32 PWR or 68 BWR assemblies, with partially loaded (16 PWR or 32 BWR) 
configurations for high heat UNF. 

• Damaged fuel is not explicitly considered as the inventory at operating plants is modeled for 
transportation to a CSF.  No data is currently available on the number of assemblies at 
operating plants that will have to be handled as damaged assemblies when they are moved 
to storage, or into transportation casks.  This will have to be factored into future detailed 
loading plans as data becomes available. 

 DOE CAL-WAT-SE-0000007, 2009 Projection of Future Spent Nuclear Fuel Discharges
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• Shipments from waste sites nominally consist of three transportation casks, two buffer cars, 
and one security car.  The three-cask consist is a basic assumption in the TSM, and is based 
on a typical annual allocation for an operating reactor at a 3,000 MT/yr acceptance rate in 
accordance with the DOE acceptance priority ranking,10 or “queue.”  Note that for shutdown 
sites, larger consists could be used (e.g., five casks) to reduce the number of shipments, but 
the TSM cannot vary the consist size among reactors. 

 
Storage Casks 

 
• Assume reactors will continue to load currently used or planned storage systems 
• For sites that have not chosen a storage system, TSM assumes the capacity of the transport 

cask is 32 PWR or 68 BWR assemblies.  Higher, or lower transport cask capacities will 
affect the number of systems procured and the number of shipments required.  Exceptions: 

 South Texas – assume HI-STORM MPC-24 due to higher assembly weight (also 
assume longer fuel will fit in a HI-STORM) 

 Brunswick (PWR) – assume NUHOMS 32, since NUHOMS 61 used for BWR 
 Millstone 1 – assume NUHOMS 61, since NUHOMS 32 is used for Units 2 and 3 

• See Table 5-2 for current/assumed storage casks 
• See Table 5-3 for disposition of currently non-transportable storage casks. Note that in some 

cases TSM limitations are the driver (e.g., MP7 at Robinson) 
 
UNF Form Accepted from Waste Sites 

 
• Base Case: All UNF accepted in (rail) transportable canisters or TSCs (no truck sites) 
• Option: Accept bare UNF from reactor pools in bare UNF transportation casks once CSF 

pool is operational  
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Table 5-2.  UNF Waste Site Storage Casks. 

Site Name 
Fuel 
Type Storage Cask Start1 End2 Notes 

ARK NUCLEAR  P VSC-24 1995 2002   

HI-STORM 24 2003 2006   

HI-STORM 32 2007 2150   

BEAVER VALLEY P HI-STORM 32 1995 2150   

BIG ROCK  PT  B W150 1995 2150   

BRAIDWOOD  P HI-STORM 32 1995 2150   

BROWNS FERRY B HI-STORM 68 1995 2150   

BRUNSWICK B NUHOMS 61 1995 2150   

BRUNSWICK (PWR) P NUHOMS 32 1995 2150   

BYRON   P HI-STORM 32 1995 2150   

CALLAWAY  P HI-STORM 32 1995 2150   

CALVERT CLIFFS  P NUHOMS 24 1995 2007   

NUHOMS 32 2008 2150   

CATAWBA P NAC UMS 24 1995 2012   

NAC MAGNASTOR 2013 2150  

CLINTON B HI-STORM 68 1995 2150   

COLUMBIA B HI-STORM 68 1995 2150   

COMANCHE PEAK P HI-STORM 32 1995 2150   

COOK P HI-STORM 32 1995 2150   

COOPER  B NUHOMS 61 1995 2150   

CRYSTAL RVR P NUHOMS 32 1995 2150   

DAVIS-BESSE  P NUHOMS 24 1995 2150   

DIABLO CANYON P HI-STORM 32 1995 2150   

DRESDEN B HI-STORM 68 1995 2150 4 HISTAR 68 loaded (Dresden 1) 

DUANE ARNOLD B NUHOMS 61 1995 2150   

ENRICO FERMI B HI-STORM 68 1995 2150   

FARLEY P HI-STORM 32 1995 2150   

FITZPATRICK B HI-STORM 68 1995 2150   

FORT CALHOUN P NUHOMS 32 1995 2150   

GINNA P NUHOMS 32 1995 2150   

GRAND GULF B HI-STORM 68 1995 2150   

HADDAM NECK P NAC MPC 26 1995 2150   

HARRIS  (PWR) P HI-STORM 32 1995 2150   
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Table 5-2.  UNF Waste Site Storage Casks. 

Site Name 
Fuel 
Type Storage Cask Start1 End2 Notes 

HARRIS  (BWR) B HI-STORM 68 1995 2150   

HATCH    B HI-STORM 68 1995 2150 3 HISTAR 68 loaded 

HOPE CREEK B HI-STORM 68 1995 2150   

HUMBOLDT BAY B HISTAR HB 1995 2150  

INDIAN POINT P HI-STORM 32 1995 2150   

KEWAUNEE P NUHOMS 32 1995 2150   

LACROSSE B NAC LACUMS  1995 2150   

LASALLE  B HI-STORM 68 1995 2150   

LIMERICK B NUHOMS 61 1995 2150   

MAINE YANKEE P NAC UMS 24 1995 2150   

MCGUIRE P TN-32 1995 2002   

NAC UMS-24 2003 2011   

NAC MAGNASTOR 2012 2150  

MILLSTONE 1 B NUHOMS 61 1995 2150   

MILLSTONE 2 & 3 P NUHOMS 32 1995 2150   

MONTICELLO B NUHOMS 61 1995 2150   

MORRIS (BWR) B HI-STORM 68 1995 2150   

MORRIS (PWR) P HI-STORM 32 1995 2150   

NINE MILE PT B HI-STORM 68 1995 2150   

NORTH ANNA   P TN-32 1995 2008   

NUHOMS 32 2009 2150   

OCONEE P NUHOMS 24 1995 2150   

OYSTER CREEK B NUHOMS 61 1995 2150   

PALISADES P VSC-24 1995 1998   

NUHOMS 32 1999 2007   

NUHOMS 24 2008 2150   

PALO VERDE  P NAC UMS 24 1995 2150   

PEACH BOTTOM B TN-68 1995 2150   

PERRY B HI-STORM 68 1995 2150   

PILGRIM B HI-STORM 68 1995 2150   

POINT BEACH P VSC-24 1995 2003   

NUHOMS 32 2004 2150   

PRAIRIE ISLAND  P TN-40 1995 2012   
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Table 5-2.  UNF Waste Site Storage Casks. 

Site Name 
Fuel 
Type Storage Cask Start1 End2 Notes 

QUAD CITIES B HI-STORM 68 1995 2150   

RANCHO SECO P NUHOMS 24 1995 2150   

ROBINSON P NUHOMS MP7 1995 2150   

NUHOMS 24 1996 2150   

RVR BEND  B HI-STORM 68 1995 2150   

SALEM P HI-STORM 32 1995 2150   

SAN ONOFRE P NUHOMS 24 1995 2150   

SEABROOK  P NUHOMS 32 1995 2150   

SEQUOYAH  P HI-STORM 32 1995 2150   

SOUTH TEXAS P HI-STORM 24 1995 2150 Assume 24 assm cask due to assm 
weight 

ST LUCIE P NUHOMS 32 1995 2150   

SUMMER  P HI-STORM 32 1995 2150   

SURRY P P-S-32-SP 1995 2000 Generic storage-only cask to 
simulate MC-10, V/21, X-33 

TN-32 2001 2007   

NUHOMS 32 2008 2150   

SUSQUEHANNA  B NUHOMS 52 1995 2005   

NUHOMS 61 2006 2150   

THREE MILE ISL  P HI-STORM 32 1995 2150   

TROJAN P HI-STORM 24 1995 2150  TranStor canister – uses HISTAR 
transportation cask  

TURKEY POINT P NUHOMS 32 1995 2150   

VOGTLE  P HI-STORM 32 1995 2150   

VT YANKEE   B HI-STORM 68 1995 2150   

WATERFORD  P HI-STORM 32 1995 2150   

WATTS BAR   P HI-STORM 32 1995 2150   

WOLF CREEK   P HI-STORM 32 1995 2150   

YANKEE-ROWE  P NAC MPC 36 1995 2150  

ZION  P MAGNASTOR 37 20133 20173 Assume loading starts in 2013 - 
lasts 4 years 

1 1995 start date is arbitrary - earliest dry storage date in TSM.  TSM runs determine when UNF is loaded into dry storage based on pool 
capacity and discharge schedule 

2 2150 end date is arbitrary – just needs to be after last pickup. 
3 Zion dates are arbitrary – just need to load UNF into storage before pickup starts (~ 2025) 
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5.2.3  Waste Site Assumptions 
 

Site Access Capabilities 
 

• Use 2009 TSM site access capabilities (except no truck sites) 
• Assume previous truck sites become rail or heavy haul (HH) sites (feature included in 

current TSM model) 
 

Shutdown Sites 
 

• All new shutdown sites (not current shutdown sites) assumed to transfer UNF in pool to dry 
storage after 5 years of shutdown. 

• Current shutdown sites will be placed at the head of the acceptance queue for the base 
scenario, with all UNF picked up within 4 years.  Includes Oyster Creek (2019 shut down).  
Total UNF ~ 3600 MT. 

• Sites shutting down after start of acceptance will be picked up in regular oldest fuel first 
(OFF) queue order. 

 
Miscellaneous Waste Sites  

 
• Locations/Amounts 

 Fort Saint Vrain (HTGR):  
 1464 canisters (1 assembly/canister), ~18 MT in dry vault 
 UNF belongs to DOE – has been counted as DOE-owned UNF in previous 

TSM analyses for DOE 
 Vallecitos: 

 No data in TSM UNF database 
 Small amount (< 10 kg) of UNF from various BWRs as single rods or rod 

segments 
 All UNF will be placed in canisters (6-8 inches in diameter, 40 inches long) 
 No rail access – shipment by truck required 

 West Valley UNF  
 Currently stored at Idaho National Laboratory (INL) in 2 TSCs with expired 

transportation CoCs  
 BWR: 85 assemblies (11.5 MT); PWR: 40 assemblies (15.3 MT) 
 TSM assumes transport from INL in TSCs 

 Hanford:  
 TSM:  assumes 7 assemblies, 2.4 MT   
 May have been loaded into DOE Multi Canister Overpacks [MCOs], which 

may not be transportable 
 TSM assumes transportation in accordance with DOE OFF queue 
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 INL :  
 177 assemblies in 29 NUHOMS 12T canisters (not transportable) 
 TSM: 107 assemblies, 46MT   
 TSM assumes transportation in accordance with DOE OFF queue 

 GTCC Wastes 
 Present at all reactor sites 
 Stored in same canisters as (small number compared to UNF) 
 Must be picked up in order to close shutdown sites 

• Analysis Approach 
 Do not include Fort Saint Vrain in analysis (not commercially-owned UNF)   
 Do not include Vallecitos (small amount, incomplete data) 
 Include West Valley, Hanford, and INL using current TSM assumptions (included for 

completeness even though this is not commercial UNF); pick up in accordance with 
DOE oldest fuel first (OFF) queue  

 West Valley – assume TSCs at INL are transportable  
 Hanford – repackage in DPC 
 INL - repackage in DPC 
 GTCC:  Provide an estimate of canisters and transportation costs based on data from 

shutdown sites (see Section 5.4.3).   
 
5.2.4  CSF Assumptions 

 
CSF Capacity 

 
• For one CSF, assume 30,000 – 40,000 MT maximum (actual storage driven by operational 

scenarios, see Section 5.2.5) 
• At ~ 12 MT/cask = 2,500 to 3,333 storage casks 
• If two CSFs, each one = 15,000 – 20,000 MT maximum 
• Note: Consistent with Private Fuel Storage (PFS) design: 4,000 casks (~48,000 MT) 

 
CSF Location 

 
• For one CSF, assume a Western site  
• For two CSFs, assume a Western site and an Eastern site  
• For analysis purposes only the Western site is modeled as being located at the Nevada 

National Security Site (NNSS) and the Eastern site is modeled as being located at the 
Savannah River Site (SRS) 

• Note that these locations cannot be actual CSF sites since they are government facilities 
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CSF Operation 
 

• CSF will operate as a “gateway” to the repository (all UNF shipped to the repository goes 
through the CSF for packaging into disposal canisters). 

• CSF operation ends when all UNF is picked up from reactors and transferred to repository.  
• DPCs being repackaged for shipment to the repository will be loaded into disposable 

canisters with a capacity of 21 PWR or 44 BWR assemblies.  This assumption is made for 
convenience (currently programmed into the TSM) due to the uncertainty in future 
repository design and waste package requirements. 

 
5.2.5  Scenario Assumptions 

 
Start of  UNF acceptance 

 
• TSCs: 2022 
• DPCs:  2025 

 
Startup dates for CSFs 

 
• Single CSF: 2022 (TSCs), 2025 (DPCs) 
• Two CSFs:  Same dates (complicates analysis if different dates) 

 
CSF & Repository Operations  

 
• Repository operation date  

 Base Case: 2035  
 Option: 2040 (to see impact of later start) 

• UNF Shipment Rate from CSF to Repository 
 Maximum CSF shipment rate = 3,000 MT/yr (unless limited by UNF acceptance rates 

from reactors) 
 Ramp-up in shipment rate over 5 years to maximum rate (400, 800, 1200, 2000, 3000 

…) 
• CSF Pool Operation Date  

 Start of CSF shipment to repository  
 Option:  For scenarios where CSF accepts bare UNF from reactor pools, pool is 

operational when bare UNF acceptance begins 
 

Acceptance Rates (see Table 5-4) 
 

• UNF acceptance begins in January (i.e. 01/2025 or 01/2022) 
• Stranded Sites First (3600 MT total):  

 2025-28 (400 MT/yr in 2025, 800 MT/yr in 2026, 1200 MT/yr in 2027, 1200 MT/yr 
in 2028.  

 Includes Oyster Creek (2019 shut down) 
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 See Table 5-5 for details of a possible acceptance scheme.  Note that this is just an 
example of a pickup scheme for stranded sites.  It progresses from west to east in 
order to allow the transportation network to be ramped-up gradually.  It also tries to 
meet the annual acceptance goals and limits the casks taken from each site to less 
than 30 – 40 per year.  Other schemes could be devised depending on how the 
acceptance and transportation plan is optimized.  See Section 4.3 for a further 
discussion of transportation planning. 

• TSCs First: (2,800 MT) 
 2022 – 24 (400 MT/yr in 2022, 800 MT/yr in 2023, 1500 MT/yr in 2024) 
 Faster ramp-up because TSCs are easier to handle at reactors and CSF 
 Stranded sites priority in 2025-26,(1500 MT/yr in 2025, 2,100 MT/yr in 2026) 
 See Table 5-6 for details.  As with the stranded sites, this is just an example of a 

pickup scheme for TSCs.  Other schemes could be devised depending on how the 
acceptance and transportation plan is optimized.  See Section 4.3 for a further 
discussion of transportation planning. 

• Remaining Sites:  
 UNF accepted in accordance with DOE queue (OFF) 
 Base Case: 2,000, 3,000…. MT/yr (2029+) 
 Low Option:  2,000 MT/yr maximum 
 High Option:  6,000 MT/yr maximum 
 Note:  Low Receipt Rate Case (2,000 MT/yr) does not reduce the inventory of UNF 

at operating sites, but does clean out shutdown sites and keep up with discharges, so 
avoids additional utility storage costs. 

• Acceptance Rates for Two CSFs: 
 Acceptance rate for each CSF will be proportional to the total amount of UNF being 

shipped to the CSF 
 CSF-East = 3,000 MT/yr * 0.571  1,700 MT/yr 
 CSF-West = 3,000 MT/yr * 0.429  1,300 MT/yr 
 Acceptance rates for stranded sites shown in Table 5-7 

 
 

Table 5-4.  CSF Base Case Nominal Acceptance Rates1. 

Year 

Stranded 
Sites First 
(MT/yr) 

Cumulative 
MT UNF Type2 

TSCs 
First 

(MT/yr) 
Cumulative 

MT UNF Type 

2022 0 0  400 400 TSCs 

2023 0 0  800 1200 TSCs 

2024 0 0  1400 2600 TSCs 

2025 400 400 Stranded Sites 1400 4000 Stranded Sites 

2026 800 1200 Stranded Sites 2200 6000 Stranded Sites 

2027 1200 2400 Stranded Sites 3000 9000 OFF 

2028 1200 3600 Stranded Sites 3000 12000 OFF 
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Table 5-4.  CSF Base Case Nominal Acceptance Rates1. 

Year 

Stranded 
Sites First 
(MT/yr) 

Cumulative 
MT UNF Type2 

TSCs 
First 

(MT/yr) 
Cumulative 

MT UNF Type 

2029 2000 5600 OFF 3000 15000 OFF 

2030 3000 8600 OFF 3000 18000 OFF 

2031 3000 11600 OFF 3000 21000 OFF 

2032 3000 14600 OFF 3000 24000 OFF 

2033 3000 17600 OFF 3000 27000 OFF 

2034 3000 20600 OFF 3000 30000 OFF 

2035+ 3000 23600 OFF 3000 33000 OFF 
1 Actual rates will depend on system parameters such as cask capacities and heat limits 
2 OFF = oldest fuel first allocation (current DOE queue) 

 
 

Table 5-5.  Stranded Sites Nominal Acceptance Rates1. 

Year Site Casks East/West MT 
Year 
Total Goal Transportation Cask 

2025 Humboldt Bay 5 W 28.9     HI-STAR HB 

  Trojan 33 W 358.9 387.8 400 HI-STAR 100 

2026 Rancho Seco 21 W 228.4     NUHOMS MP-187 

  Big Rock Pt 7 W 57.9     TS125 

  Lacrosse 5 W 38.0     NAC STC 

  Zion 29 W 484.6 808.9 800 NAC MAGNATRAN 

2027 Zion 32 W 534.8     NAC MAGNATRAN 

  Oyster Creek 37 E 394.1     NUHOMS MP-197 

  Maine Yankee 30 E 271.1 1200.0 1200 NAC UMS 

2028 Maine Yankee 30 E 271.1     NAC UMS 24 

  Oyster Creek 37 E 394.1     NUHOMS MP-197 

  Yankee Rowe 15 E 127.1     NAC STC 

  Haddam Neck 40 E 412.3 1204.7 1200 NAC STC 

Total   321  3601.4       
1 Actual rates will depend on system parameters such as cask capacities and heat limits 
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Table 5-6.  TSCs First Nominal Acceptance Rates1. 

Year Site Casks MT Year Total Goal Transportation Cask 

TSCs 

2022 Humboldt Bay 5 28.9     HI-STAR HB 

  Prairie Island 25 371.2 400.2 400 TN-40 

2023 Prairie Island 19 282.1       

  Dresden 1 4 27.8     HI-STAR 100 

  Peach Bottom 3 42 518.6 828.6 800 TN-68 

2024 Hatch 3 38.2     HI-STAR 100 

 McGuire 2 4 55.0     TN-32 

  North Anna 1 26 383.2     TN-32 

  Surry 26 382.1     TN-32 

 Peach Bottom 2 56 689.7 1548.2 1500 TN-68 

Subtotal  TSCs 210 2777.0       

Stranded Sites 

2025 Trojan 33 358.9    HI-STAR 100 

 Rancho Seco 21 228.4    NUHOMS MP-187 

 Big Rock Pt 7 57.9    TS125 

 Lacrosse 5 38.0    NAC STC 

 Zion 49 818.9 1502.0 1500 NAC MAGNATRAN 

2026 Zion 12 200.5     NAC MAGNATRAN 

 Oyster Creek 74 788.2     NUHOMS MP-197 

  Maine Yankee 60 542.3     NAC UMS 

  Yankee Rowe 15 127.1     NAC STC 

  Haddam Neck 40 412.3 2070.4 2100 NAC STC 

Subtotal Stranded Sites 315 3572.4    

Total TSCs + Stranded 525 6349.4    
1 Actual rates will depend on system parameters such as cask capacities and transportation cask heat limits 
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Table 5-7.  Nominal Acceptance Rates for Two CSFs  (Stranded Sites 
First). 

Year Site Casks MT Year Total Goal 

Western CSF 

2025 Humboldt Bay 5 28.9     

  Trojan 13 141.4 170.3 170 

2026 Trojan 20 217.5     

  Rancho Seco 12 130.5 348.0 340 

2027 Rancho Seco 9 97.9     

  Big Rock Pt 7 57.9     

  Lacrosse 5 38.0     

  Zion 20 334.2 528.0 520 

2028 Zion 41 685.2 685.2 520 

 Subtotal   132 1731.5     

Eastern CSF 

2025 Maine Yankee 25 225.9 225.9 230 

2026 Maine Yankee 35 316.3     

  Yankee Rowe 15 127.1 443.4 460 

2027 Haddam Neck 40 412.3     

  Oyster Creek 25 266.3 678.6 680 

2028 Oyster Creek 49 521.9 521.9 680 

Subtotal    189 1869.9     

 
 
5.3  TSM OPERATIONAL SCENARIOS 
 
Table 5-8 lists seven potential operational scenarios that vary the key assumptions.  The 
maximum nominal CSF storage amounts shown in the table are derived from a waste stream 
analysis.  Actual UNF acceptance rates, maximum storage at the CSF(s), and dates for end of 
CSF acceptance from reactors and CSF end of life are derived from the TSM analysis. 
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Table 5-8.  DOE Task Order 11 TSM Operational Scenarios. 

Scenario 
No. Parameter Value 

1 1 CSF, Stranded Sites First, Base Receipt Rate (Base Case) 

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2025 

 Waste Stream Composition DPCs and TSCs 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1200, 1200, 2000, 3000 … 

 Nominal CSF Maximum Storage (MT) 28,200 

 CSF Pool Operational 2035 

 Repository Start Date 2035 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, 3000 … 

2 1 CSF, TSCs First, Base Receipt Rate 

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2022 (TSCs); 2025 (DPCs) 

 Waste Stream Composition TSCs and DPCs 

 Acceptance Priority TSCs, then Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1500, 1500, 2100, 3000 … 

 Nominal CSF Maximum Storage (MT) 37,800 

 CSF Pool Operational 2035 

 Repository Start Date 2035 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, 3000… 

3 1 CSF, Stranded Sites First, Low Receipt Rate  

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2025 

 Waste Stream Composition DPCs and TSCs 
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Table 5-8.  DOE Task Order 11 TSM Operational Scenarios. 

Scenario 
No. Parameter Value 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1200, 1200, 2000,  … 

 Nominal CSF Maximum Storage (MT) 21,600 

 CSF Pool Operational 2035 

 Repository Start Date 2035 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, … 

4 2 CSFs, Stranded Sites First, Base Receipt Rate 

 Number of CSFs 2 

 CSF Location(s) Western US; Eastern US 

 CSF Start Date(s) 2025; 2025 

 Waste Stream Composition DPCs and TSCs 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) - Total 400, 800, 1200, 1200, 2000, 3000,  

 Nominal CSF Maximum Storage (MT) - Total 28,200 

 CSF Pool Operational 2035 

 Repository Start Date 2035 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository - Total 400, 800, 1200, 2000, 3000 … 

5 1 CSF, Stranded Sites First, Base Receipt Rate, 2040 Repository Start 

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2025 

 Waste Stream Composition DPCs and TSCs 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1200, 1200, 2000, 3000 

 Nominal CSF Maximum Storage (MT) 28,200 

 CSF Pool Operational 2040 

 Repository Start Date 2040 



Page 121 

Table 5-8.  DOE Task Order 11 TSM Operational Scenarios. 

Scenario 
No. Parameter Value 

 CSF Repackaging/Shipment to Repository Starts 2040 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, 3000… 

6 1 CSF, Stranded Sites First, Base Receipt Rate, Bare UNF from Reactor Pools 

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2025 

 Waste Stream Composition DPCs and TSCs 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1200, 1200, 2000, 3000 … 

 Nominal CSF Maximum Storage (MT) 29,600 

 Repository Start Date 2035 

 CSF Pool Operational (Bare UNF receipt starts) 2029 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, 3000 … 

7 1 CSF, High Receipt Rate, Stranded Sites First, 2035 Repository Start 

 Number of CSFs 1 

 CSF Location(s) Western US 

 CSF Start Date(s) 2025 

 Waste Stream Composition DPCs and TSCs 

 Acceptance Priority Stranded Sites, then OFF 

 Nominal Acceptance Rate (MT/yr) 400, 800, 1200, 1200, 2000, 4000, 6000 … 

 Nominal CSF Maximum Storage (MT) 89000 

 Repository Start Date 2035 

 CSF Pool Operational  2035 

 CSF Repackaging/Shipment to Repository Starts 2035 

 Nominal CSF Shipment Rate to Repository 400, 800, 1200, 2000, 3000 … 
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5.4  RESULTS OF TSM ANALYSIS 
 
5.4.1  Throughput Results 
 
Figures 5-4 through 5-10 show the UNF throughput (in MT/yr) for the seven primary scenarios 
and Table 5-9 summarizes the key CSF throughput results from the TSM analysis.   
 
All the scenarios with a 3,000 MT/yr nominal shipment rate (1,2,4,5, and 6) demonstrate 
similarly shaped throughput profiles: a rapid buildup of storage at the CSF, followed by a 
gradual drawdown once shipment begins to the repository until about 2077 (2082 for a 2040 
repository start), after which the  CSF serves as a repackaging facility for the repository.  
Scenario 3, however (which has a 2,000 MT/yr nominal shipment rate), demonstrates a very 
different profile.  The combination of a 2,000 MT/yr acceptance rate and a 3,000 MT/yr 
shipment rate from the CSF to the repository results in a smaller CSF storage buildup, followed 
by a rapid draw down of the CSF storage inventory once shipment to the repository begins.  By 
2054 the CSF inventory is exhausted, and from that time on the CSF serves as a repackaging 
facility for the repository (and the repository receipt rate is limited by the 2,000 MT/yr 
acceptance rate).  Scenario 3 has the benefit of requiring less total CSF storage, which will 
reduce CSF costs.  However, the 2,000 MT/yr shipment rate, while it stops the accumulation of 
UNF at reactor sites (and the increase in reactor storage costs), does not reduce the inventory in 
reactor storage until after 2035, when a significant number of reactors begin to shut down (see 
Figure 5-11). 
 
Figure 5-12 shows the impact of the high (6,000 MT/yr) nominal acceptance rate in Scenario 7 
on CSF receipt rate.  Due to transportation cask heat limits, the 6,000 MT/yr rate can only be 
maintained for about 5 years; after that it drops quickly to 3,000 MT/yr by 2044, and to 1,000 
MT/yr by 2053.  A 3,000 MT/yr rate, in contrast, maintains a relatively constant CSF receipt rate 
from 2030 to 2052, and thereafter declines slowly to about 1,000 MT/yr in 2070.  In addition, as 
seen in Table 5-9, the high receipt rate drives up the CSF storage requirements to maximum of 
60,355 MT (4,920 casks), which is more than twice that of Scenario 1. 
 
Figure 5-13 shows the impact of UNF assembly heat on the CSF throughput for Scenario 1.  
Nominal (i.e., desired) throughputs are plotted versus the actual throughput results from the 
TSM.  Transportation cask heat limits restrict the amount of UNF that can be shipped from the 
waste sites to the CSF to less than the nominal 3,000 MT/year after about 2050.  This in turn 
extends the UNF acceptance period and delays the end of UNF shipments to the repository from 
2080 to 2105.  Note also that the throughput profiles for Scenario 6 (Figure 5-9), where bare 
UNF transportation casks are used with partial loading for higher heat assemblies, more closely 
resemble the nominal profiles in Figure 5-13. 
 
It should be noted that the acceptance schemes for the first few years (Tables 5-5 through 5-7) 
are based on a set of somewhat arbitrary assumptions, including which types of sites will be 
given priority (shutdown sites, sites with TSCs), the rate at which UNF will be accepted, and 
how the acceptance and transportation will proceed geographically (west to east).  Other schemes 
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could be devised depending on how the acceptance and transportation plan is optimized.  
Section 4.3 contains a further discussion of transportation optimization. 
 

Figure 5-4.  UNF Throughput for Scenario 1. 

 
Note: “Rx to CSF” means receipt rate of UNF to CSF 

“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 
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Figure 5-5.  UNF Throughput for Scenario 2. 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 

 
 

Figure 5-6.  UNF Throughput for Scenario 3. 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF  
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Figure 5-7.  UNF Throughput for Scenario 4. 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

 “CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 

 
 

Figure 5-8.  UNF Throughput for Scenario 5. 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

 “CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
 “CSF storage” means the volume of UNF in storage at the CSF 
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Figure 5-9.  UNF Throughput for Scenario 6. 

 
Note:  “Rx to CSF” means receipt rate of UNF to CSF 

“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 

 
Figure 5-10.  UNF Throughput for Scenario 7. 
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Table 5-9.  Summary of CSF Throughput Results. 

Scenario Maximum Storage at CSF  Last Year of CSF 
Storage1 

CSF Shutdown 
Date2 

Metric Tons Casks 

1 28,097 2,296 2077 2104 

2 37,911 3,071 2078 2106 

3 19,240 1,584 2057 2104 

4 15,733 (CSF-E) 

12,356 (CSF-W) 

1,289 (CSF-E) 
1,021 (CSF-W) 

2077 (CSF-E) 

2078 (CSF-W) 

2104 (CSF-E) 

2096 (CSF-W) 

5 43,045 3,491 2083 2104 

6 27,994 2,240 2078 2104 

7 60,355 4,920 2077 2104 

After this year the CSF serves only as a repackaging facility for the repository 
2 Date of last shipment to repository 
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Figure 5-11.  UNF at Reactor Sites for Scenario 1 and 3. 

 
 

Figure 5-12.  CSF Receipt Rate for Scenario 7 and Scenario 1 
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Figure 5-13.  Nominal vs TSM Throughput Analysis for Scenario 1. 

Note:  “Rx to CSF” means receipt rate of UNF to CSF 
“CSF to Repos” means transfer rate of UNF from the CSF to the Geologic Repository 
“CSF storage” means the volume of UNF in storage at the CSF 
“Nom” means nominal 

 

5.4.2  Transportation Results 
 
Table 5-10 shows the transportation fleet requirements calculated by the TSM for each scenario 
by year.  Scenarios 4W and 4E modeled the Western and Eastern CSFs in separate TSM runs, 
while Scenario 4 Combined modeled both CSFs in a single TSM run.  The values are the 
numbers needed at the beginning of the year and do not reflect the actual cask procurement 
schedule.  These results assume a transportation consist of three casks/cask cars, two 2 buffer 
cars, and one escort car per shipment. The mismatch between the number of casks and cask cars 
results from the fact that TSCs are loaded by reactor sites for storage and are not purchased as 
transportation casks.  Note that simply adding the transportation fleet requirements for 
Scenarios 4W and 4E would result in a significantly larger fleet than if the 2 CSF system is 
operated with a single fleet (Scenario 4 Combined).  The use of bare UNF casks in Scenario 6 
results in a significantly larger transportation fleet than for the other (DPC-based) scenarios.  
Scenario 7 has the second largest transportation cask fleet, due to the nominal 6,000 MT/yr 
maximum acceptance rate.  In addition, as can be seen in Figure 5-12, since the actual receipt 
rate declines quickly after 2035 most of these casks are not need after about 2045. 
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Table 5-10. Transportation Fleet Requirements. 

Year Required Casks Cask Cars Buffer Cars Escort Cars 

Scenario 1 and 5 

2025 12 15 10 5 

2026 15 15 10 5 

2027 15 15 10 5 

2028 0 2 4 2 

2029 18 24 16 8 

2030 0 0 0 0 

2031 0 0 0 0 

2032 0 0 0 0 

2033 0 3 2 1 

Total 60 74 52 26 

Scenario 2 

2022 0 9 6 3 

2023 3 30 20 10 

2024 12 12 8 4 

2025 21 21 14 7 

2026 15 9 6 3 

2027 24 0 0 0 

Total 75 81 54 27 

Scenario 3 

2025 
12 15 10 5 

2026 
12 12 8 4 

2027 
9 9 6 3 

2028 
0 2 4 2 

2029 
18 24 16 8 

2030 0 0 0 0 
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Table 5-10. Transportation Fleet Requirements. 

Year Required Casks Cask Cars Buffer Cars Escort Cars 

2031 0 0 0 0 

2032 0 0 0 0 

2033 0 0 0 0 

2034 0 0 0 0 

2035 0 0 0 0 

2036 0 3 2 1 

Total 51 65 46 23 

Scenario 4W 

2025 3 6 4 2 

2026 9 9 6 3 

2027 12 12 8 4 

2028 0 2 4 2 

2029 18 21 14 7 

Subtotal 4W 42 50 36 18 

Scenario 4E 

2025 
6 6 4 2 

2026 
3 3 2 1 

2027 
6 6 4 2 

2028 0 0 0 0 

2029 
18 21 14 7 

2030 
3 3 2 1 

2031 3 3 2 1 

2032 0 0 0 0 

2033 0 0 0 0 

2034 0 0 0 0 

2035 0 3 2 1 

2036-50 0 0 0 0 

2051 3 3 2 1 

Subtotal 4E 42 48 32 16 
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Table 5-10. Transportation Fleet Requirements. 

Year Required Casks Cask Cars Buffer Cars Escort Cars 

Scenario 4 Combined 

2025 12 15 10 5 

2026 15 15 10 5 

2027 15 15 10 5 

2028 0 2 4 2 

2029 18 24 16 8 

2030 0 0 0 0 

2031 0 0 0 0 

2032 0 0 0 0 

2033 0 3 2 1 

Total 60 74 52 26 

Scenario 6 

2025 
12 15 10 5 

2026 
12 12 8 4 

2027 
12 12 8 4 

2028 
0 2 4 2 

2029 
36 42 28 14 

2030 
9 9 6 3 

2031 0 0 0 0 

2032 0 0 0 0 

2033 0 0 0 0 

2034 
3 3 2 1 

2035 0 0 0 0 

2036 0 0 0 0 

2037 0 0 0 0 

2038 0 0 0 0 

2039 0 3 2 1 
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Table 5-10. Transportation Fleet Requirements. 

Year Required Casks Cask Cars Buffer Cars Escort Cars 

2040 0 0 0 0 

2041 0 0 0 0 

2042 0 0 0 0 

2043 0 0 0 0 

2044 0 0 0 0 

2045 3 3 2 1 

2046 3 3 2 1 

2047 0 0 0 0 

2048 0 0 0 0 

2049 3 3 2 1 

2050 0 0 0 0 

2052 0 0 0 0 

2052 6 6 4 2 

Total 99 113 78 39 

Scenario 7 

2025 12 15 10 5 

2026 12 12 8 4 

2027 9 9 6 3 

2028 0 2 4 2 

2029 21 27 18 9 

2030 12 15 10 5 

2031 12 15 10 5 

2032 3 3 2 1 

Total 81 98 68 34 

 
Table 5-11 shows the TSM transportation operations cost results for the six scenarios. 
Transportation operations costs include rail shipping, heavy haul, barge, rail security, and 
satellite tracking.  Note that these costs are for shipments from the waste sites to the CSF; 
transportation from the CSF to the repository is not modeled.  For all of the DPC-based “full 
inventory” scenarios with one CSF (1, 2, 3, 5, and 7), total transportation operations costs differ 
by only a few million dollars.  However, Scenario 6, which utilizes bare UNF transportation 
casks, has a significantly higher transportation operations cost (due to the higher number of 
shipments).  As expected, Scenario 4 Combined (two CSFs) has significantly lower 
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transportation costs than those of the single CSF scenarios, due to the shorter transportation 
distances for eastern reactor sites to the eastern CSF. 

Table 5-11.  Transportation Operations Costs (Millions of 2012 Dollars).  

 Scenario Number 

Year 1 2 3 4W 4E 4 Comb 5 6 7 

2022 0 1.8 0 0 0 0 0 0 0 

2023 0 5.0 0 0 0 0 0 0 0 

2024 0 12.9 0 0 0 0 0 0 0 

2025 1.9 5.4 1.9 1.3 0.8 1.9 1.9 1.9 1.9 

2026 2.8 18.3 2.9 1.0 1.4 2.8 2.8 2.8 2.8 

2027 9.9 21.3 9.9 2.2 1.3 6.4 9.9 9.9 9.9 

2028 10.1 21.2 10.1 1.8 1.1 6.9 10.1 10.1 10.1 

2029 16.0 20.7 16.0 5.4 2.0 10.4 16.0 17.1 16.0 

2030 21.2 20.6 16.0 6.3 2.2 13.2 21.2 24.4 27.9 

2031 22.1 19.6 14.8 6.5 2.2 13.5 22.1 25.9 39.3 

2032 21.2 20.1 15.4 6.2 2.0 12.1 21.2 23.9 37.1 

2033 21.2 19.5 14.6 6.8 2.2 12.5 21.2 23.1 36.1 

2034 20.8 19.9 16.0 7.0 2.3 13.0 20.8 23.9 35.9 

2035 20.0 19.5 15.5 6.4 2.2 12.5 20.0 23.5 36.9 

2036 20.0 19.8 15.0 7.1 2.3 12.9 20.0 24.8 36.4 

2037 20.2 20.4 13.9 6.4 2.2 12.6 20.2 24.2 34.8 

2038 20.6 20.1 15.2 6.4 2.4 12.6 20.6 24.4 35.6 

2039 20.4 19.4 15.1 6.6 2.3 12.6 20.4 26.1 34.6 

2040 19.8 20.4 14.7 6.6 2.3 12.3 19.8 26.2 31.7 

2041 20.2 19.6 14.3 6.2 2.2 12.0 20.2 23.9 28.9 

2042 20.3 21.1 16.0 6.3 2.0 12.5 20.3 22.6 27.6 

2043 21.2 20.4 15.4 6.8 2.4 13.2 21.2 24.3 26.1 

2044 19.3 20.0 15.0 6.3 2.2 11.5 19.3 24.7 22.1 

2045 20.9 19.7 14.7 6.7 2.2 13.0 20.9 24.2 20.0 

2046 21.0 19.7 15.8 6.5 2.1 13.2 21.0 24.9 18.8 

2047 20.0 20.2 15.6 6.8 2.2 12.2 20.0 22.6 13.3 

2048 20.6 20.0 14.9 6.6 2.3 13.1 20.6 23.8 13.8 

2049 20.6 19.5 14.8 6.9 2.1 12.7 20.6 22.8 12.2 
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Table 5-11.  Transportation Operations Costs (Millions of 2012 Dollars).  

 Scenario Number 

Year 1 2 3 4W 4E 4 Comb 5 6 7 

2050 22.2 19.9 15.0 6.7 2.1 13.4 22.2 23.0 11.0 

2051 20.7 18.9 14.8 6.6 2.2 13.3 20.7 23.0 10.2 

2052 20.3 21.0 15.5 6.7 2.1 12.4 20.3 21.4 11.5 

2053 20.7 18.6 16.0 6.4 2.0 13.1 20.7 20.9 8.5 

2054 19.6 16.6 15.4 6.3 2.2 12.4 19.6 30.5 9.3 

2055 19.8 16.7 15.8 6.1 2.0 12.6 19.8 28.4 8.7 

2056 19.1 17.5 15.0 6.2 2.3 11.9 19.1 22.5 9.5 

2057 19.2 16.8 15.6 5.2 1.7 12.4 19.2 20.6 8.6 

2058 18.4 18.4 14.7 5.9 2.1 11.4 18.4 19.3 9.6 

2059 18.8 17.3 15.6 5.2 2.1 12.0 18.8 20.1 9.0 

2060 16.5 17.7 16.5 5.4 2.0 10.5 16.5 19.0 8.9 

2061 17.4 18.8 14.9 5.0 1.8 10.8 17.4 19.5 8.9 

2062 16.5 15.9 15.5 5.3 2.0 10.3 16.5 19.4 7.5 

2063 16.9 13.2 15.6 5.5 1.8 10.7 16.9 18.5 8.2 

2064 15.9 11.6 15.6 3.8 1.9 9.8 15.9 17.5 8.1 

2065 17.8 13.8 15.7 3.6 1.8 10.9 17.8 18.7 8.3 

2066 14.9 11.9 15.2 3.6 1.8 8.7 14.9 16.3 9.3 

2067 11.2 8.9 15.1 3.3 1.7 7.3 11.2 14.5 8.6 

2068 10.5 8.2 15.7 3.1 1.5 6.5 10.5 11.1 7.5 

2069 11.9 7.5 15.9 3.8 1.6 7.2 11.9 11.4 8.2 

2070 10.4 7.4 15.1 3.2 1.7 6.6 10.4 10.3 7.7 

2071 7.5 7.3 16.2 3.1 1.4 4.9 7.5 6.0 6.9 

2072 7.5 7.1 15.8 3.3 0.7 5.2 7.5 4.8 7.6 

2073 6.7 6.1 14.9 2.5 0.6 4.4 6.7 5.3 7.1 

2074 7.4 6.5 15.9 3.4 0.6 5.1 7.4 4.6 7.1 

2075 7.3 6.5 14.1 3.3 0.7 4.9 7.3 4.7 7.5 

2076 5.7 5.5 15.4 2.3 0.4 3.6 5.7 3.4 5.5 

2077 6.7 5.0 15.1 2.8 0.6 4.3 6.7 3.7 6.5 

2078 6.6 5.5 15.5 2.9 0.5 4.1 6.6 4.2 6.9 
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Table 5-11.  Transportation Operations Costs (Millions of 2012 Dollars).  

 Scenario Number 

Year 1 2 3 4W 4E 4 Comb 5 6 7 

2079 6.2 5.1 14.2 2.5 0.5 3.8 6.2 3.6 6.4 

2080 5.6 4.6 15.2 2.8 0.4 3.9 5.6 3.3 5.7 

2081 6.1 4.5 16.0 2.5 0.5 3.7 6.1 4.3 6.5 

2082 5.7 4.3 14.6 2.6 0.4 3.8 5.7 4.0 5.9 

2083 5.4 4.5 14.1 2.7 0.5 3.9 5.4 4.0 5.6 

2084 5.0 3.1 13.8 2.1 0.4 3.4 5.0 3.1 5.1 

2085 4.8 3.0 11.9 1.9 0.3 2.7 4.8 3.1 5.1 

2086 4.5 2.4 12.2 2.2 0.3 3.1 4.5 3.3 4.5 

2087 4.1 2.7 11.5 1.6 0.3 2.6 4.1 3.3 4.1 

2088 3.4 2.2 10.6 1.6 0.3 2.2 3.4 2.7 3.4 

2089 2.9 2.0 11.9 1.3 0.2 2.1 2.9 2.0 2.9 

2090 2.0 1.2 10.6 0.8 0.2 1.2 2.0 1.4 2.0 

2091 1.8 1.6 7.4 0.7 0.1 1.1 1.8 1.6 1.8 

2092 1.6 1.2 2.8 0.7 0.1 1.0 1.6 1.5 1.6 

2093 1.1 0.6 1.1 0.4 0.1 0.7 1.1 1.0 1.1 

2094 0.7 0.5 0.7 0.3 0.1 0.5 0.7 0.5 0.7 

2095 0.9 0.7 0.9 0.3 0.1 0.5 0.9 0.7 0.9 

2096 0.4 0.3 0.4 0.1 0.0 0.3 0.4 0.4 0.4 

2097 0.2 0.4 0.2 0.0 0.0 0.2 0.2 0.2 0.2 

2098 0.2 0.3 0.2 0.0 0.0 0.1 0.2 0.0 0.2 

2099 0.2 0.0 0.2 0.0 0.0 0.1 0.2 0.0 0.2 

2100 0.2 0.0 0.2 0.0 0.0 0.1 0.2 0.0 0.2 

2101 0.2 0.2 0.2 0.0 0.0 0.1 0.2 0.2 0.2 

2102 0.2 0.0 0.2 0.0 0.0 0.1 0.2 0.2 0.2 

2103 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2104 0.2 0.2 0.2 0.0 0.0 0.1 0.2 0.2 0.2 

2105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2106 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 929.8 917.9 961.9 300.8 282.3 583.1 929.8 1,013.2 916.6 
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5.4.3  GTCC Analysis 

From the data in Tables 4-1 and 4-4, there are 16 canisters of GTCC at the current shutdown 
sites, along with 247 canisters of UNF.  All of the GTCC waste needs to be removed along with 
the UNF to allow final site closure.  Assuming 2 canisters of GTCC per shutdown reactor (based 
on decommissioning experience at Zion), the remaining 104 operating reactors would generate 
208 canisters of GTCC by their shutdown date, for a total of 224 GTCC canisters.  For the 
canister-based operating scenarios, there are 10,382 casks of UNF shipped to the CSF (4,552), so 
the 224 GTCC canisters would increase the number of casks shipped to the CSF by 2.2%.  
Assuming three casks per shipment, GTCC canisters would increase shipments (and therefore 
shipping costs) by 1.7 %.  For Scenario 1, this would increase shipping costs by about $10.4M.  
However, if larger cask consists are used, the impact on transportation costs could be reduced. 
The details of this analysis are shown in Table 5-12. 
 

Table 5-12.  GTCC Analysis Results. 

Reactor UNF 
Canisters 

GTCC 
Canisters 

Total 
Canisters 

UNF+GTCC 
Shipments2 

GTCC- Only 
Shipments 

Total 
Shipments2 

Humboldt Bay 5 1 6 2 0 2 

Trojan 33 1 34 11 1 12 

Rancho Seco 21 1 22 7 1 8 

Big Rock Point 7 1 8 3 0 3 

Lacrosse 5 0 5 2 0 2 

Zion 1 & 2 61 4 65 21 1 22 

Maine Yankee 60 4 64 20 2 22 

Yankee Rowe 15 1 16 5 1 6 

Haddam Neck 40 3 43 14 1 15 

Subtotal - 
Shutdown 

247 16 263 85 7 92 

Operating 
Reactors1 

10,135 208 10,343 4,367 70 4,437 

Total – All 
Reactors 

10,382 224 10,606 4,452 77 4,529 

1 104 operating reactors (includes Oyster Creek) – assume 2 GTCC canisters per reactor 
2 Assumes 3 casks per shipment – GTCC canisters added to existing UNF shipments where possible. 
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6.  PROJECT PLANNING AND LIFE CYCLE COST 
 
6.1  METHODOLOGY 
 
The purpose of this section is to characterize the schedule and life cycle cost for the team’s 
proposed CSF design concepts and associated operational scenarios.  This section provides 
schedule and cost information for the seven operating scenarios as discussed previously in other 
sections of this report (principally Section 5.0).  To summarize, the overall specifications for the 
six scenarios are shown in the Table 6-1. 

Table 6-1.  Description of CSF Operating Scenarios. 

Scenario # CSFs (Sites) 
Pickup 
Order 

CSF 
Start 

Receipt 
Rate 

Acceptance 
Types 

Repository 
Start 

1 1 CSF 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum) 

TSCs and DPCs 
only 

2035 

2 1 CSF 
TSCs 
First 

2022 
3,000 MT/yr 
Maximum) 

TSCs and DPCs 
only  

2035 

3 1 CSF 
Stranded 
Sites First 

2025 
2,000 MT/yr 
Maximum) 

TSCs and DPCs 
only 

2035 

4 
2 CSFs (1 East, 

1 West) 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum) 

TSCs and DPCs 
only 

2035 

5 1 CSF 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum) 

TSCs and DPCs 
only 

2040 

6 1 CSF 
Stranded 
Sites First 

2025 
3,000 MT/yr 
Maximum) 

TSCs, DPCs, 
and Bare UNF 

2035 

7 1 CSF 
Stranded 
Sites First 

2025 
6,000 MT/yr 
Maximum 

TSCs and DPCs 
only 

2035 

Note 1: major deviations from the Base Case scenario are italicized and bolded 

 
The team has proposed implementing each of these scenarios and describing the schedule and 
life cycle cost using a staged approach that has staged planning, procurement and construction, 
as well as operational elements.  This is best explained using the high-level Work Breakdown 
Structure (WBS) for the CSF Project and associated Operations depicted below in Table 6-2, 
which shows the correspondence between the WBS section, the CSF Stages already described in 
Section 3 and the phases of the project. 

Table 6-2.  WBS for CSF Project and Associated Operations. 

WBS Stage 
 (from Section 3) 

Phase Title 

1.0 
Stage 1 

Phase 0 Front End Authorizations & Acquisitions 

2.0 Phase I Receive Canistered UNF in TSCs 

3.0 Stage 2 Phase II Receive Canistered UNF in TCs (i.e., DPCs in TCs) 

4.0 
Stage 3 

Phase III 
Receive Canistered & Uncanistered UNF / Repackage into 
Disposable Canisters 

5.0 Phase IV UNF System Operations 

6.0 Stage 4 Phase V CSF Deactivation & Decommissioning 



Page 139 

The six phases depicted above begin with Phase 0, which includes the front end authorization 
and acquisition processes that precede all construction and operational activities.  These include 
authorization activities that must be completed prior to any CSF construction and/or operations, 
in particular, CSF siting and other front end plans; the CSF design and EIS; the CSF License 
Application; utility standard contract changes; transportation preparations (i.e., routing and pre-
operational transportation services); state & tribal emergency planning; security planning; and 
CSF plans & permitting.  Phase 0 also includes pre-operational acquisition activities including 
CSF rail access, cask system procurements, and rail car procurements.  Supporting detail for all 
Phase 0 activities can be found in Section 7.0 of this report, and cask and rail car quantities are 
described below and can be found in Section 5.0 or this report. 
 
The next set of phases depicted in Table 6-2 (i.e., Phases I – III) constitute a phased approach to 
construction of the CSF based on the different packaging of fuels that will be accepted.  During 
Phase I, the CSF will receive canistered UNF in TSCs.  Procurement and construction activities 
during this phase will include a rail yard, cask mobile lifting/transfer equipment, a cask storage 
pad with capacity for 224 casks, and initial balance of plant (i.e., an electrical substation, 
administration trailer, fences & entryways, and roads & paving).  For Phase II, the CSF can 
receive canistered UNF in transportation casks (TCs, i.e., DPCs in TCs), in addition to TSCs.  
Procurement and construction activities during this phase will include a cask storage pad for up 
to an additional 3,360 casks (depending on the scenario selected), a canister transfer facility, a 
cask fabrication facility, and additional balance of plant (to include an administration building).  
During Phase III, the CSF can receive canistered and uncanistered UNF and repackage these 
into disposal canisters  for ultimate shipment to the repository.  As this phase incorporates the 
pool, procurement and construction activities include a combined pool repackaging / waste 
handling facility.  The three construction phases are described in detail in Section 4.2 of this 
report. 
 
It is important to note that Phases I through III may overlap.  Referring to Table 6-1, Phase I 
includes TSCs and will be part of all six scenarios, and it must occur first because it includes 
certain infrastructure required for all scenarios/phases (e.g., fences).  Phase I will be sufficient 
for initial acceptance with respect to Scenario 2 only, which accepts TSCs first.  Phase II, which 
enables the acceptance of DPCs, also is included in all six scenarios and results in initial 
acceptance of DPCs in the same year as TSCs in all scenarios except for Scenario 2.  Phase III is 
additionally included in all six scenarios.  The Phase III pool repackaging / waste handling 
facility is employed for the acceptance of bare UNF in Scenario 6, and to enable the repackaging 
of cask / canisters on the CSF pad into disposal canisters for ultimate shipment to the repository. 
 
The final set of phases in Table 6-2 (i.e., Phases IV and V) depict UNF system operations and 
CSF facility deactivation & decommissioning, respectively.  Phase IV includes post-start of 
operations activities to support CSF operations through 2105.  Phase IV includes remaining cask 
procurements relating TSCs, DPCs, and UNF Bare Fuel Casks; remaining rail car procurements; 
transportation operations; CSF facility operations; and state & tribal emergency assistance (i.e., 
in accordance with 180(c ) of the Nuclear Waste Policy Act).  Phase V follows Phase IV from 
2106 through 2112 and includes the deactivation & decommissioning of cask storage pads, all 
buildings, and the spent fuel pool, as well as other/miscellaneous deactivation & 
decommissioning costs. 
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A primary goal of this life cycle cost analysis is to produce a robust, documented and defensible 
pre-conceptual life cycle cost estimate that provides a range of costs.  There were five basic 
methodologies employed to develop this estimate:  parametric estimate, analogy, cost build up, 
expert opinion, and vendor quotation.  The bases of estimate for all costs have been normalized 
to current year (2012) dollars which are used to estimate costs for all years. 
 
A parametric estimate is used to scale costs of similar systems based on a cost estimating 
relationship, for example, determining the cost of a building by determining the average cost per 
square foot of similar building types.  Analogy is used as a scaled comparison to a known cost; 
an example would be to use a cost based on scaling a concrete storage pad and associated 
facilities estimate to the size of the concrete storage pad proposed for this CSF.  Detailed cost 
build-ups were used when the subject could be broken down into estimable tasks similar to the 
basis of estimate used for the CSF Site Security Plan.  Some cost estimations are based on expert 
opinion such as the cost required for completing a rail car test scenario. Very often, an estimate 
incorporates data from more than one of these cost estimation techniques. 
Comparative results for the Base Case (Scenario 1 in Table 6-1) and Scenarios 2 – 7 are 
provided in Table 6-3. 
 
The remainder of this Project Planning & Life Cycle Cost section includes a depiction of the 
Base Case schedule and life cycle cost including cost ranges (Section 6.2), bases of estimates for 
costs focusing on the cost drivers and a more complete description of how the cost ranges were 
derived (section 6.3), and analyses of the scenarios beyond the Base Case to include schedule 
and life cycle cost information for Scenarios 2 – 7 (Section 6.4).  In addition, Appendix D 
includes high-level and detailed schedules for all six scenarios. 
 

Table 6-3.  CSF Facility Cost Comparisons : Scenarios 1 through 7 (Cost in 2012 $ M).  

WBS Cost Category Scenario 1 
(Base Case) Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 

1.0 
 Phase 0 : Front End 
Authorizations & 
Acquisitions 

$446.6  $621.1  $445.5  $747.3  $448.4  $519.1  $519.7 

2.0 
 Phase I : Receive Canistered 
UNF in TSCs 

$58.5  $58.5  $58.5  $94.2  $58.5  $58.5  $58.5 

3.0 
 Phase II : Receive 
Canistered UNF in TCs 

$67.7  $75.8  $60.3  $112.7  $80.0  $67.3  $661.9 

4.0 
 Phase III : Receive 
Canistered & Uncanistered 
UNF  

$330.2  $330.2  $330.2  $440.3  $330.2  $330.2  $330.2 

5.0 
 Phase IV : UNF System 
Operations 

$4,767.3  $5,056.8  $4,584.9  $4,819.6  $4,999.4  $6,727.3  $6,123.7 

6.0 
 Phase V : CSF Deactivation 
& Decommissioning 

$289.8  $289.8  $289.8  $443.1  $289.8  $289.8  $289.8 

 TOTAL CSF Life Cycle $5,960.1  $6,432.7  $5,769.1  $6,657.2  $6,206.4  $7,992.1  $7,838.8 

 MT of Spent Fuel 129,318 129,318 129,318 129,318 129,318 129,318 129,318 

 Cost Per MT of Spent Fuel $46,089  $49,744  $44,612  $51,480  $47,993  $61,090  $61,802 
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6.2  BASE CASE (SCENARIO 1) SCHEDULE & LIFE CYCLE COST  
 
This section presents the schedule and cost for the CSF design concepts and associated 
operational scenarios for the CSF Base Case, which includes one CSF, accepting TSCs and 
DPCs only, taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a 
repository in 2035, and a maximum acceptance rate of 3,000 MT/year. 
 
Table 6-4 on the next page depicts the life cycle cost (including cost ranges) for the Base Case.  
As can be seen from the figure, the total program would begin in 2014 and extend through 
deactivation & decommissioning in 2112.  The range of costs in total would be $4,839M to 
$11,216M, with a point estimate of $5,960M.  Major cost drivers include WBS 1.6 
Transportation (in particular CSF Rail Access design and construction), WBS 5.0 Operations 
(including cask procurements, rail car procurements, transportation services,  CSF facility 
operations, 180(c ) assistance, and CSF facility export to fence line operations), and WBS 6.0 
deactivation & decommissioning. 
 
Figure 6-1 on the page following Table 6-4 depicts the high-level schedule for the Base Case.  Of 
particular interest is that fact that rail cars follow on from siting and CSF design, which includes 
an all-inclusive CD-1 approval, and are on the critical path to the start of operations in 2025.  
The casks procurements and construction activities, in contrast, exhibit some slack. 
 
Other observations from the cost and schedule are as follows – 
 

• The Base Case schedule has been designed to correspond as closely as possible to 
Figure 4-7 Front End Capability Development and the CSF construction phases in 
Section 4.2 

• The schedule exhibits fiscal years for eventual correlation to fiscal year dollars.  Calendar 
year dollar inputs have been converted to fiscal years where appropriate  

• Input amounts have been escalated to fiscal year 2012 dollars where appropriate using the 
general inflation rate obtained from the Bureau of Labor Statistics (BLS) 

• Timelines for cask purchases have been accelerated two years on the schedule to account 
for the conduct of emergency exercises and other training 

• CSF facility construction timelines include an additional 3 months for startup & testing 
• Rail car lead procurements include an additional 8 months for the conduct of dry runs 
• Disposal canisters and the operating costs associated with moving fuel from outside the 

CSF fence line to the repository are not part of this cost estimate 
• Schedule items in orange have not been estimated as the government has the lead role 

 
6.3  BASES OF COST ESTIMATES FOR THE BASE CASE  
 
This section provides bases of estimates for the major cost drivers within the Base Case CSF 
Facility estimate.  For each cost driver, the estimate has been provided, along with some 
additional cost detail and an explanation of how that estimate was derived. 
 
This section is divided into six subsections, including one subsection for each schedule phase 
(i.e., Phase 0 – Phase V).  For additional context, please refer to the detailed schedule in 
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Appendix D, which acts as a cross-reference for the specific supporting activities being  
estimated.  
 
6.3.1  Phase 0 Costs Bases of Estimates 
 
6.3.1.1.  Front End Plans / Siting (WBS Element 1.1).  This category includes detailed DOE 
and Congressional activities including Critical Decision (CD)-0 and the Voluntary Siting 
Program.  These activities begin in 2014 and conclude in early 2016, and they are depicted in 
detail in Appendix D.  These activities have not been  estimated per our assumption that the 
government has the lead role. 
 
6.3.1.2.  CSF Design / EIS (WBS Element 1.2).  This category includes detailed DOE activities 
that have not been estimated, including completion of CSF Design Concepts (DOE Office of 
Nuclear Energy Task Orders 11 and 12), and the completion of CD-1 documentation and CD-1 
approval, both by DOE.  In between these, though, is the completion of CSF Conceptual (CD-1) 
Design, which is a CSF cost.  Also included are CSF costs for one or more Environmental 
Impact Statements (EISs) and/or Environmental Assessments (EAs) for the CSF, for 
Transportation (if needed), and for the rail corridor to the CSF(s).  In addition, this section 
includes costs for CSF Preliminary and Final design.  Specifics on these costs are shown in 
Table 6-5. 
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Table 6-4.  Base Case (Scenario 1) Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2024 $360.4 $446.6 $862.0 
1.1       Front End Plans / Siting Oct-2013 Oct-2016  N/A  
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $59.3 $74.1 $148.3 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 -- NA -- 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2022 $21.4 $25.2 $38.3 
1.6       Transportation Oct-2015 Sep-2024 $195.8 $244.8 $489.6 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $18.8 $23.5 $46.9 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Dec-2022 Sep-2024 
 

$46.8 $58.5 $117.0 
2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 
 

$54.2 $67.7 $135.4 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) 

3.1.1          Cask Storage Pad (2,090 Casks) Dec-2022 Sep-2024 $18.3 $22.9 $45.8 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2031 Sep-2034 
 

$264.2 $330.2 $660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
5.0    Phase IV : UNF System Operations Oct-2024 Sep-2105 $3,866.7 $4,767.3 $9,006.4 
5.1       UNF System Operations CD-4 (Start of Operations) Sep-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations Oct-2022 Sep-2102 $692.4 $814.6 $1,221.9 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2033 $205.7 $242.0 $362.9 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $817.0 $1,021.3 $2,042.5 
5.5       CSF Facility Operations Oct-2024 Sep-2105 $718.1 $897.7 $1,795.3 
5.6       State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2101 $521.8 $652.3 $1,304.5 
5.7       CSF Facility Export to Fence Line Operations Oct-2034 Sep-2105 $911.7 $1,139.6 $2,279.2 

6.0    Phase V : CSF Deactivation & Decommissioning 
Oct-2106 Sep-2112 

 
$246.3 $289.8 $434.7 

6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $4,838.5 $5,960.1 $11,215.9 
Note 1 Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
Note 2 Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 
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Figure 6-1.  Time-Phased Schedule for Base Case Scenario. 
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Table 6-5.  CSF Design / EIS-EA Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.2.1.3    CSF Conceptual (CD-1) Design Feb-2015 Nov-2015  $8.0   $10.1   $20.1  
1.2.2.1    EISs / EAs Jun-2016 Jun-2018  $5.7   $7.1   $14.2  
1.2.3.1    CSF Preliminary Design Jun-2016 Feb-2017  $26.8   $33.5   $67.0  
1.2.3.2    CSF Final Design Feb-2017 Jun-2018  $18.8   $23.5   $46.9  

            SUB-TOTAL (WBS Element 1.2) Feb-2015 Jun-2018  $59.3   $74.1   $148.3 

 
The CSF Estimate assumes that all design costs are equal to 15% of the total estimated 
construction costs.  This methodology is adopted from the Central Storage Facility estimate 
design developed in response to the Upton Bill H.R. 1020.  The cost for the CSF Conceptual 
(CD-1) Design is assumed to be 15% of the total design cost.  The Preliminary and Final Design 
costs are respectively estimated to be 50% and 35% of the total design cost estimate. 
 
The CSF EIS and EA costs are based on the EIS costs estimated in the Electric Power Research 
Institute (EPRI) General Interim Storage Facility (GISF) cost estimate (August 2009).  Given 
the similarity in storage volume capacity and approximate site size, the EPRI estimates are 
considered analogous to those for the CSF and are assumed to need no adjustment beyond cost 
normalization.  The EPRI GISF costs include costs for Geotechnical Investigations & 
Environment Report Development and Public Information and Stakeholder Involvement. 
 
6.3.1.3.  CSF License Application (WBS Element 1.3).  This category includes detailed 
activities that have not been  estimated, including NRC planning meetings by DOE and NRC, as 
well as NRC docketing of the License Application (LA), NRC conducting a review and 
hearings, and NRC developing the Safety Evaluation Report (SER).  Amongst these, though, are 
two items for which the NRC will require outside technical support, to include development of 
the LA and supporting responses to questions on the LA from the NRC.  Specifics on these costs 
are shown in Table 6-6. 
 

Table 6-6.  CSF License Application Schedule and Life Cycle Cost. 

WBS Cost Category Start Date 
End 
Date 

Cost in 2012 $ M 
Low Point High 

1.3.2    License Application Development Apr-2017 
Apr-
2018 

$23.7 $29.6 $59.3 

1.3.4    Responses to Questions on LA from NRC Feb-2018 
Sep-
2021 

$8.9 $11.1 $22.2 

            SUB-TOTAL (WBS Element 1.3) Apr-2017 
Sep-
2021 

$32.6 $40.7 $81.5 

 
As with the EIS costs, the EPRI GISF estimate is taken as a direct analogy for the CSF estimate 
based on the CSF’s similar physical size and storage capacity.  The License Application (LA) 
costs estimate includes the LA Review, EIS and Hearing Process-related costs.  The Responses 
to NRC Questions equate to the estimate for the technical and legal cost categories from the 
EPRI estimate.  Both estimates are adopted as is with no scaling assuming the legal and 
regulatory hurdles are the same for the two estimates of similar size and function. 
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6.3.1.4.  Standard Contract Changes (i.e., Queue, etc.) (WBS Element 1.4).  This category 
includes detailed DOE activities relating to establishing the shutdown queue priority, and 
negotiating / signing standard contract changes with the utilities.  These activities begin in mid-
2014 and conclude at the end of 2016.  These activities have not been  estimated per our 
assumption that the government has the lead role. 
 
6.3.1.5.  Cask Procurements [36 Months Lead] (WBS Element 1.5).  This category includes 
detailed DOE activities that have not been  estimated, including development of cask 
procurements plans and contracts and development / approval of the Casks CD-2/3.  These DOE 
contracts and approvals are assumed to apply to cask procurements for the entire life cycle, i.e., 
to include procurements for 36 Months Lead casks in WBS Element 1.5.3 and also 
procurements for casks acquired during operations in WBS Element 5.2.  Once cask 
procurement strategies and supplier capacity assessments have been further refined, these DOE 
activities may be split and spread across multiple timeframes. 
 
Additional activities in the casks area that do constitute CSF costs are the actual cask 
procurements themselves.  These include procurements for TSC equipment to include TSC 
impact limiters and skids and ancillary equipment; DPC casks & equipment to include Transport 
Casks (TCs), TC impact limiters & skids, ancillary equipment, and storage casks (SCs) at the 
CSF; and UNF Bare Fuel casks & equipment to include UNF bare fuel casks, UNF bare fuel 
impact limiters & skids, ancillary equipment, and storage canisters & casks at the CSF.  It is 
noteworthy that for this particular Base Case scenario, there are no UNF bare fuel casks in the 
mix.  As these are included as part of Scenario 6 only, the UNF bare fuel casks justifications are 
reflected in the cask totals for Scenario 6 in Section 6.4.2.5.  Specifics on costs for 36 Months 
lead procurements for TSC equipment and DPC casks and equipment are shown in Table 6-7. 
 

Table 6-7.  Cask Procurements [36 Months Lead] Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

1.5.3.1    TSCs – Equipment – 36 Months Lead Sep-2019 Sep-2022  $0.8  $1.0   $2.0  
1.5 3.2    DPCs – Casks & Equipment – 36 Months Lead Sep-2019 Sep-2022  $20.6   $24.2   $36.3  
1.5.3.3    UNF Bare Fuel Casks – Casks & Equip – 36 Mos Lead NA NA -- NA -- 

            SUB-TOTAL (WBS Element 1.5) Sep-2019 Sep-2022  $21.4   $25.2   $38.3  
Note 1: DPC costs include TCs & equipment plus CSF storage casks

 
The team consulted with a cask supplier to assess the costs for the different types of casks 
required.  Given the variety of canister and cask types that require transfer, a high level cost was 
derived by cask capacity.  The costs by size are run against a Class 4 AACE uncertainty range 
given the budget level estimates provided by a cask manufacturer’s representative.  The 
composite cask cost includes an allowance for the required impact limiters, skids, personnel 
barriers and miscellaneous ancillary equipment.   
 
A TSM model run provided cask quantities by type for both incoming and outgoing casks for 
each year of the scenario.  The transportation casks are intended to be reused and are purchased 
incrementally in the minimum quantities by type (TSC, DPC or UNF) required to meet the 
scheduled category shipments for the year.  The estimated total cask costs are based on the 
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composite cost and quantity of each type based on the TSM model output for each scenario.  
The costs in this section of the estimate are restricted to the startup costs incurred to build the 
initial cask fleet prior to the initial shipments.  It is assumed that the TSC purchases have already 
been made but that the skids and impact limiters will be required in a volume required to support 
yearly shipments.  The balances of the costs are detailed in the operating costs section 5.0. The 
required storage casks (for DPCs and bare fuel) and canisters (primarily for bare fuel) are 
required in a volume that matches the quantity incoming for dry storage. 
 
6.3.1.6.  Transportation [Pre-Start of Operations] (WBS Element 1.6).  This category 
includes detailed railroad transportation routing and DOE site access planning activities that 
have not been  estimated, including DOE updating site transportation data with the state regional 
groups; DOE and the railroads negotiating rail tenders; the railroads establishing route and 
obtaining state feedback; and DOE developing heavy haul barge plans.  Other DOE activities 
that have not been  estimated include developing the record of decision (ROD) on rail access to 
the CSF; obtaining Bureau of Land Management (BLM) rights of way (ROWs) or private 
property easements; development of rail access procurements plans and contracts; development / 
approval of the Rail Access CD-2/3; development of transportation services plans and contracts; 
development / approval of the transportation services CD-2/3; deploying the tracking system; 
and conducting emergency exercises.  The DOE transportation services contracts and approvals 
are assumed to apply to the entire life cycle, i.e., to include transportation services procurements 
for pre-start of operations in WBS Element 1.6.3 and also procurements for transportation 
services acquired during operations in WBS Element 5.4.  Once transportation services 
procurement strategies have been refined, these DOE activities may be split and spread across 
multiple timeframes. 
 
Additional activities in the transportation [pre-start of operations] area that do constitute CSF 
costs are CSF rail access design; CSF rail access construction; and the procurement of 
transportation services / operations.  Specifics these costs that occur pre-start of operations are 
shown in Table 6-8. 
 

Table 6-8.  Transportation [Pre-Start of Operations] Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

1.6.2.3    Rail Access Design (Conceptual / Preliminary / Final) Dec-2018 Jan-2020  $16.0   $20.0   $40.0  
1.6.2.5    Rail Access Construction Jun-2020 Dec-2021  $176.2  $220.2   $440.5 
1.6.3.5    Transportation Services / Operations Sep-2020 Sep-2024  $3.6   $4.5   $9.1  

            SUB-TOTAL (WBS Element 1.6) Dec-2018 Sep-2024  $195.8  $244.8   $489.6 

 
Both the Rail Access Design and Construction costs estimated for the CSF were derived from 
the comparative cost estimate for Caliente Rail. The Caliente Rail cost estimate included costs 
associated with several rail segments of varying length, including costs directly correlating to 
design and construction. An analysis of the individual segment costs allowed exclusion of 
segments with a high degree of drill and blasting work as well as one major overpass span. The 
remaining segment costs are used to develop a per-mile average for construction and design 
costs which are multiplied by the assumed 50 mile spur defined for this estimate.   
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6.3.1.7.  State & Tribal Emergency Plans (WBS Element 1.7).  This category includes the 
180(c ) pilot program that is to be conducted by DOE and therefore has not been  estimated.  
There are, however, two items that have been  estimated including Site Emergency Planning and 
the actual 180(c ) training grants and technical assistance to states and tribes (i.e., the first 36 
months pre-start of operations).   Specifics on these costs are shown in Table 6-9. 
 

Table 6-9.  State & Tribal Emergency Plans Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

1.7.1    Site Emergency Planning Jul-2016 Jul-2017 $0.3 $0.3 $0.5 

1.7.3 
   180(c ) training grants and technical assistance to states 
and tribes - first 36 months pre-start of operations 

Sep-2021 Sep-2024 
 $18.6   $23.2   $46.4  

            SUB-TOTAL (WBS Element 1.7) Jul-2016 Sep-2024  $18.8   $23.5   $46.9  
 
WBS Element 1.7.3 includes 180(c ) planning and training grants.  180(c ) planning grants with 
a maximum amount of $200,000 are provided to state and tribal jurisdictions to support a five 
year planning cycle in anticipation of SNF shipment through their jurisdiction.  The grants are 
awarded four years prior to the first scheduled shipment in order to ensure emergency 
preparedness and a smooth transit.  It is assumed that a maximum steady state of 39 state and 25 
tribal jurisdictions will receive grants and that the grant monies are paid out evenly over the four 
year period preceding the initial shipment date.  The number of jurisdictions varies from a 
minimum of 9 to a maximum of 64 scaled to the number of state lines crossed.  State line 
crossing information is derived via output from the TSM model.  The costs here cover startup 
expenditures prior to the initial SNF shipment while ongoing program costs are included in the 
operating cost section WBS 5.6. 
 
The 180(c ) training grants are funded starting 36 months prior to the initial scheduled shipment 
and are eligible to be paid every year.  The estimate assumes a steady state of 64 jurisdictions 
scaling from startup 3 years prior to the first shipment to full scale in 2025.  Grants are disbursed 
on a yearly basis and are payable each year of shipments through a jurisdiction.  The training 
grant expenditures follow the same jurisdiction quantity assumptions as the Site Emergency 
Planning Grants and vary from 9 to 64 jurisdictions based on the number of state lines crossed.  
Again, the startup costs are included in WBS 1.7.3, above, while the costs during ongoing 
operations are detailed in section 6.6. 
 
6.3.1.8.  Security Plans (WBS Element 1.8).  This category includes one item that has been  
estimated to include the development of the Transportation Security Plan.  Specifics on this cost 
are shown in Table 6-10. 
 

Table 6-10.  Security Plans Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.8.1    Transportation Security Plan Jan-2024 Jul-2024  $0.1   $0.2   $0.2  

            SUB-TOTAL (WBS Element 1.8) Jan-2024 Jul-2024  $0.1   $0.2   $0.2  
 



Page 149 

CSF team experts developed a cost for the CSF Site Security Plan (detailed in section 6.3.1.10 of 
this report). Taking into consideration that the Transportation Security Plan does not include 
target sets, scenario development, T&Q plan, or other various costs included in the overall site 
security plan, the cost for the transportation security plan is estimated to be 50% of the cost of 
the site security plan. 
 
6.3.1.9.  Rail Cars [36 months lead] (WBS Element 1.9).  This category includes detailed 
DOE activities that have not been estimated, including development of rail car procurement 
plans and contracts for the cask car, escort car, and buffer car prototype; development of rail car 
procurement plans and contracts; and development / approval of the Rail Cars CD-2/3.  The 
final DOE contracts and approvals are assumed to apply to rail car procurements for the entire 
life cycle, i.e., to include procurements for 36 Months Lead rail cars in WBS Element 1.9.6 and 
also procurements for rail cars acquired during operations in WBS Element 5.3.  This is a likely 
scenario because, as Section 4.3 of this report notes, rail car fabricators will likely work on these 
specialty cars in between other, large production runs from other customers.  Hence, there may 
be only one vendor and one continuous production run for each car type. 
 
Additional activities in the casks area that do constitute CSF costs are the prototyping activities / 
procurements, the package performance assessment that DOE agreed to fund for the NRC 
($15M was the last commitment made in 2003) and the actual rail car procurements themselves.  
The prototyping activities / procurements include the vendor(s) fabricating prototype cask, 
buffer and escort cars and delivering them to the test track; and conducting the cask car, buffer 
car, escort car, and full consist American Association of Railroads (AAR) S-2043 testing.  The 
actual procurements include the cask car, buffer car and escort car procurements.  It is 
noteworthy that no locomotive procurements are expected, as locomotive services are expected 
to be included in the testing fees and/or the transportation services, as applicable.  In addition, 
due to the standardization of the actual rail cars and desire to minimize storage space for idle 
cars, a 24 month lead time for rail cars is deemed sufficient.  Specifics on costs for 24 months 
lead on rail car procurements are shown in Table 6-11. 
 

Table 6-11.  Rail Cars [24 Months Lead] Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.9.3.1    Prototype Cask Car May-2017 May-2019 $1.0  $1.2   $1.7  
1.9 3.2    Prototype Buffer Car May-2017 May-2019  $0.8  $0.9   $1.4  
1.9.3.3    Prototype Escort Car May-2017 May-2019  $4.4  $5.1   $7.7  
1.9.4.1    Cask Car AAR Testing May-2019 Jun-2020  $0.9   $1.0   $1.5  
1.9 4.2    Buffer Car AAR Testing May-2019 Jun-2020  $0.9   $1.0   $1.5  
1.9.4.3    Escort Car AAR Testing May-2019 Jun-2020  $0.9   $1.0   $1.5  
1.9.4.4    Full Consist AAR Testing Jun-2020 Dec-2020  $0.6   $0.8   $1.1  

1.9.7.1.1    Cask Cars – 24 Months Lead Jan-2022 Sep-2024  $7.7   $9.0   $13.5  
1.9.7.1.2    Buffer Cars – 24 Months Lead Jan-2022 Sep-2024  $3.8   $4.5   $6.8  
1.9.7.1.3    Escort Cars – 24 Months Lead Jan-2022 Sep-2024  $10.8   $12.8   $19.1  

            SUB-TOTAL (WBS Element 1.9) May-2017 Sep-2024  $31.6   $37.2   $55.8  
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A leading rail car manufacturer, Kasgro Rail, was contacted in regard to rail car development.  
The company provided budget level estimates for prototype rail car cost development.  The 
initial rail car costs provided for three generic types of rail cars are as follows:  1) Cask Car - 
$1.165M  2) Buffer Car - $0.9035M  3) Escort Car - $5.125M.  These costs are for a delivered 
prototype car. 
 
In order to address estimating the cost to obtain S-2043 certification for each car, a budget level 
quote was obtained for testing from the Transport Technology Center Inc  (TTCI).  TTCI 
provided a cost estimate for both testing the individual rail car designs and a complete rail 
consist test.  Costs for static and dynamic testing for each car are estimated to be $1M requiring 
an elapsed time of 21 months.  The over-the-road testing for the entire car set is $0.75M and will 
require an additional 3 to 6 months of test time.  
 
The rail cars themselves are purchased on a schedule that ensures they are procured by the start 
of the year in which they are required to handle the volume of SNF shipping.  The quoted rail 
car costs are utilized with a procurement schedule derived from the TSM model to determine the 
expenditure timeline.  Rail cars are assumed to require a 24 month lead time and costs are 
assumed to be incurred equally in the two procurement years.  The rail car lead times include an 
additional 8 months for dry runs.  The section 1.9.6 costs are for procurements prior to the initial 
shipment date.  The balance of the rail car costs are incurred during the operations phase and are 
included in the WBS 5.3 operating cost sections. 
 
6.3.1.10.  CSF Plans & Permitting (WBS Element 1.10).  This category includes detailed 
DOE activities that have not been estimated, including development of the CSF facility plans 
and contracts and development / approval of the CSF CD-2/3.  This category includes two items 
that have been estimated to include the development of the CSF Security Plan, and CSF 
permitting applicable to all three construction phases (i.e., phase I, II, and III).  Specifics on 
these costs are shown in Table 6-12. 

 
Table 6-12.  CSF Plans & Permitting Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ Millions 

Low Point High 
1.10.1.1    CSF Security Plan May-2019 May-2020  $0.3   $0.3   $0.5  
1.10.4    CSF Permitting – Phases I, II & III Dec-2020 Dec-2021  $0.4   $0.5   $1.0  

            SUB-TOTAL (WBS Element 1.10) May-2019 Dec-2021  $0.7  $0.8   $1.5  
 
The CSF Security Plan costs were estimated based on a detailed cost build-up estimating the 
level of effort and resources required for each of eleven planning tasks.  The level of effort for 
each of the eleven key tasks is based on a budget quote from a consultancy that conducts this 
type of planning.  Resources of an appropriate level and hourly rate were applied to each in 
order to obtain a Security Plan estimate. 
 
6.3.1.11.  Shutdown (Stranded) Site-Specific Infrastructure (WBS Element 1.11).  This 
category includes shutdown site-specific infrastructure used to load casks at the shutdown sites 
onto the cask cars.  These include TSC Infrastructure, which was denoted in our September 2012 
status meeting as Option G and applies to the TSC at Humboldt Bay; Stationary Shield Bell 
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Infrastructure for DPCs, which was denoted in our September status meeting as Option E and 
applies to sites such as Trojan; and Combined Transfer/Transport Casks Infrastructure, which 
was denoted as Option C in our September meeting and applies to sites such as Rancho Seco.  
More detailed descriptions of these hardware items, including mechanical flow diagrams 
(MFDs) and mechanical handling diagrams (MHDs), can be found in Section 4.0 and Appendix 
A of this report entitled Description of Preferred Systems Concept.  These items have not been 
estimated separately as they have been included as part of the transportation services estimate. 
 
6.3.2  Phase I Costs Bases of Estimates 
 
6.3.2.1.  Rail Yard (WBS Element 2.1.1).  This category includes CSF procurement and 
construction costs for the rail yard, including the rail (including marshaling, switching, etc.), rail 
support structures, and rail maintenance facilities (or services).  Detailed descriptions of these 
hardware items can be found in Section 4.2.  Specifics on these costs are shown in Table 6-13. 
 

Table 6-13.  Rail Yard Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
2.1.1.1    Rail (including Marshaling, Switching, etc.) Dec-2022 Sep-2024 $5.6 $7.2 $14.4 
2.1.1.2    Rail Support Structures Dec-2022 Sep-2024 $2.1 $2.4 $4.8 
2.1.1.3    Rail Maintenance Facilities (or Services) Dec-2022 Sep-2024 -- -- -- 

            SUB-TOTAL (WBS Element 2.1.1) Dec-2022 Sep-2024  $7.7   $9.6   $19.2  

 
The cost estimate associated with all Rail Facilities has been estimated based on the cost of the 
EPRI Rail Spur/Siding construction costs. As the CSF has a 3000 MTU capacity as compared to 
the EPRI 2000 MTU capacity, the rail costs are assume to scale directly and are increased by 
50%.  It is further assumed that the breakdown of costs is approximately 3 to 1 between the Rail 
Support Structures and the actual Rail in the CSF. 
 
6.3.2.2.  Cask Mobile Lifting / Transfer Equipment (WBS Element 2.1.2).  This category 
includes CSF procurement costs for cask mobile lifting / transfer equipment at the CSF site, 
including cask mobile lifting equipment, cask transfer equipment, and other cask lifting / 
transfer equipment. Specifics on these costs are shown in Table 6-14. 
 

Table 6-14.  Cask Mobile Lifting / Transfer Equipment Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
2.1.2.1    Cask Mobile Lifting Equipment Dec-2022 Sep-2024  $2.6   $3.2   $6.4  
2.1.2.2    Cask Transfer Equipment Dec-2022 Sep-2024  $5.1   $6.4   $12.8  
2.1.2.3    Other Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 -- -- -- 

            SUB-TOTAL (WBS Element 2.1.2) Dec-2022 Sep-2024 $7.7 $9.6 $12.8 
 
Relying on the two heavy lifting equipment costs available, the cask mobile lifting equipment is 
assumed to be equivalent to the heavy lifting equipment cost for the EPRI GISF Operations and 
Maintenance Building.  Assuming a heavy duty production setup, the Cask Transfer Equipment 
is assumed to have costs equivalent to the Canister Transfer Building heavy lifting equipment. 
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6.3.2.3.  Cask Storage Pad (224 Casks) (WBS Element 2.1.3).  This category includes CSF 
procurement and construction costs for the Phase I cask storage pad, with space available to 
accommodate 224 casks.  A more detailed description of this hardware item can be found in 
Section 4.2.  Specifics on these costs are shown in Table 6-15.  
 

Table 6-15.  Cask Storage Pad (224 Casks) Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

2.1.3.1    Cask Storage Pad (224 Casks) Dec-2022 Sep-2024  $4.0   $5.0   $10.0  
            SUB-TOTAL (WBS Element 2.1.3) Dec-2023 Sep-2024  $4.0   $5.0   $10.0  

 
The cask storage pad is divided into two phase sections, initially a 224 cask capacity section 
followed by a much larger 3,360 cask pad.  The cost for the pad is divided into two primary 
categories – (1) concrete and (2) excavating and grading.  The concrete cost was derived based 
on the estimated design size.  The initial pad is designed to be approximately 116 yards x 
112 yards.  The area of the pad along and an estimated one yard thickness were multiplied by the 
price of a yard of concrete to determine the price.  A composite average of a yard of delivered 
4000 psi fiber reinforced concrete was used to approximate onsite concrete plant costs.  The 
excavating and grading costs were derived from a composite of RSMeans factors and the similar 
sized EPRI estimate.  It is assumed that 80% of the grading and preparation costs will be 
incurred initially and 20% of the effort will remain when the balance of the pad is placed. 
 
6.3.2.4.  Balance of Plant (WBS Element 2.1.4).  This category includes CSF procurement and 
construction costs for the balance of plant, including the electrical substation, administration 
trailer, fences & entryways, and roads & parking.  More detailed descriptions of these hardware 
items can be found in Section 4.2.  Specifics on these costs are shown in Table 6-16. 
 

Table 6-16.  Balance of Plant (Phase I) Schedule and Life Cycle Cost. 

WBS Cost Category Start Date 
End 
Date 

Cost in 2012 $ M 
Low Point High 

2.1.4.1    Electrical Substation Dec-2022 Sep-2024  $7.7   $9.6   $19.3  
2.1.4.2    Administration Trailer Dec-2022 Sep-2024  $0.1   $0.1   $0.2  
2.1.4.3    Fences & Entryways Dec-2022 Sep-2024  $8.9   $11.1   $22.3  
2.1.4.4    Roads & Parking Dec-2022 Sep-2024  $10.7   $13.4   $26.8  

            SUB-TOTAL (WBS Element 2.1.4) Dec-2022 Sep-2024  $27.4   $34.3   $68.6  
 
The cost estimate for the CSF Electrical substation are estimated to be equivalent to an electrical 
switch gear facility detailed in the 2008 TSLCC estimate for the Yucca Mountain repository.   
The cost estimate for the Administrative trailer that will be used in the interim period between 
the start of construction and completion of the administrative building was derived from an 
online quote of two double-wide construction office trailers fully outfitted and plumbed from 
OwlCost.com.  
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The CSF Fence & Entryway costs are equivalent to the EPRI GISF Fuel Storage Facility 
Fencing Costs and Security System costs (includes lighting, CCTV, intrusion detection 
equipment). The CSF Roads and parking cost are allocated directly from the TSLCC’s EPC 
summary. Specifically, the initial phase costs of On-Site Roads & Related Structures. Included 
in these costs are the construction and startup costs for each line item. 
 
6.3.3  Phase II Costs Bases of Estimates 
 
6.3.3.1.  Cask Storage Pad (2,090 Casks) (WBS Element 3.1.1).  This category includes CSF 
procurement and construction costs for the Phase II cask storage pad, with space available to 
accommodate up to 3,360 casks, consistent with the more detailed description of this hardware 
item in Section 4.2.  Specifics on these costs are shown in Table 6-17. 
 

Table 6-17.  Cask Storage Pad (2,090 Casks) Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

3.1.1.1    Cask Storage Pad (2,090 Casks) Dec-2022 Sep-2024  $18.3   $22.9   $45.8  
            SUB-TOTAL (WBS Element 3.1.1) Dec-2022 Sep-2024  $18.3   $22.9   $45.8  

 
Rather than base the estimate on the full 3,090 cask capacity, the Cask Storage Pad estimate is 
built up from estimates of major cost components scaled to the required CSF storage capacity 
for the Base Case of 2,090 casks.  As with the 224 cask pad, the concrete pad design dimensions 
(39,088 yards x 5 yards) were used to estimate the volume of concrete required.  A retail cost for 
a delivered and placed cubic yard of 4,000 psi concrete was used as an approximation to cover 
concrete plant operations costs.  This cost is scaled to the size matching the maximum number of 
casks to be stored in the other five scenarios analyzed.  
 
6.3.3.2.  Canister Transfer Facility (WBS Element 3.1.2).  This category includes CSF 
procurement and construction costs for the Phase II cask transfer facility.  A more detailed 
description of this hardware item can be found in Section 4.2.  Specifics on these costs are 
shown in Table 6-18. 
 

Table 6-18.  Canister Transfer Facility Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

3.1.2.1    Canister Transfer Facility Dec-2022 Sep-2024  $27.0   $33.8   $67.6  
            SUB-TOTAL (WBS Element 3.1.2) Dec-2022 Sep-2024  $27.0   $33.8   $67.6  

 
This estimate assumes that the function of the EPRI GISF Cost Estimate Canister Transfer 
Building line item equates to that of the CSF Canister Transfer Facility.  Therefore, the Canister 
Transfer Building cost is scaled (up by 50%) to match the throughput capacity of the GISF 
estimate. The cost includes construction and the various lifting/transfer equipment needed to 
conduct operations. 
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6.3.3.3.  Storage Cask Fabrication Facility (WBS Element 3.1.3).  This category includes 
CSF procurement and construction costs for the Phase II cask fabrication facility, which 
includes the storage cask fabrication building and the concrete batch plant.  More detailed 
descriptions of these hardware items can be found in Section 4.2.  Specifics on these costs are 
shown in Table 6-19. 
 

Table 6-19.  Cask Fabrication Facility Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ Millions 
Low Point High 

3.1.3.1    Cask Fabrication Facility Dec-2022 Sep-2024  $3.8   $4.8   $9.6  
3.1.3.2    Concrete Batch Plant Dec-2022 Sep-2024  $1.5   $1.8   $3.6  

            SUB-TOTAL (WBS Element 3.1.3) Dec-2022 Sep-2024  $5.3   $6.6   $13.2  
 
The Storage Cask Fabrication facility is assumed to be a relatively basic structure compare to the 
canister transfer facility.  It is assumed to primarily house the forms and lifting equipment 
required to pour and manipulate storage casks.  Based on this assessment, the building cost is 
assumed to be driven by the cost of the heavy lifting equipment.  It is assumed that the building 
costs are driven by the heavy lifting equipment so the construction cost is assumed to be 
equivalent to the EPRI GISF Operations and Maintenance Building Heavy Lifting Equipment. 
 
The Concrete Batch Plant is assumed to be approximately the cost of the EPRI GISF Operations 
and Maintenance Building. 
 
6.3.3.4.  Balance of Plant (WBS Element 3.1.4).  This category includes CSF procurement and 
construction costs for the Phase II balance of plant, to include the administration building.  A 
more detailed description of this hardware item can be found in Section 4, “Description of 
Preferred Systems Concept”. Specifics on these costs are shown in Table 6-20. 
 
 

Table 6-20.  Balance of Plant (Phase II) Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

3.1.4.1    Administration Building Dec-2022 Sep-2024  $3.5   $4.4   $8.8  

            SUB-TOTAL (WBS Element 3.1.4) Dec-2022 Sep-2024  $3.5   $4.4   $8.8  
 
The CSF Administration building estimate is derived from the 2008 TSLCC for the Yucca 
Mountain Repository.  Given the similar administrative functionality and yearly storage 
processing capacities, the Yucca Mountain Administration Building construction cost is 
assumed. 
 
6.3.4  Phase III Costs Bases of Estimates 
 
6.3.4.1.  Pool Repackaging / Waste Handling Facility (WBS Element 4.1.1).  This category 
includes CSF procurement and construction costs for the Phase III Pool Repackaging / Waste 
Handling Facility.  This facility will be required at each CSF to provide the ability to handle 
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bare fuel for bare fuel transfer operations and damaged cask/canister repair.  A more detailed 
description of this hardware item can be found in Section 4.2.  Specifics on these costs are 
shown in Table 6-21. 

 

Table 6-21.  Pool Repackaging / Waste Handling Facility Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
4.1.1.1    Pool Repackaging / Waste Handling Facility May-2031 Sep-2034  $264.2   $330.2   $660.4 

            SUB-TOTAL (WBS Element 4.1.1) May-2031 Sep-2034  $264.2   $330.2   $660.4 
 
To estimate this facility cost, construction costs for the Wet Handling Facility from the 2008 
TSLCC Yucca Mountain Repository construction cost summary were utilized. While the Yucca 
facility has a lower throughput capacity than the EPRI GISF, the Yucca facility was built to 
meet much tighter environmental restrictions than the CSF design requires (e.g., thicker concrete 
walls, safety grade HVAC system, etc.).  It is assumed that the savings from building to a lower 
level of environmental restrictions is offset by the cost of building a higher throughput capacity 
facility. 
 
6.3.5  Phase IV Costs Bases of Estimates 
 
6.3.5.1.  UNF Systems Operations CD-4 (Start of Operations) (WBS Element 5.1).  This 
category includes detailed DOE activities including the development / approval of the Casks 
CD-4 Start of Operations.  These activities occur prior to the start of operations in 2025.  These 
activities have not been estimated per our assumption that the government has the lead role. 
 
6.3.5.2.  Cask Procurements – Remainder During Operations [thru 2102] (WBS 
Element 5.2).  This category includes the actual cask procurements that occur during the entire 
operations phase subsequent to the 36 months lead procurements (WBS Element 1.5.3).  These 
include procurements for TSC equipment to include TSC impact limiters and skids and ancillary 
equipment; DPC casks & equipment to include Transport Casks (TCs), TC impact limiters & 
skids, ancillary equipment, and storage casks (SCs) at the CSF; and Used Nuclear Fuel (UNF) 
Bare Fuel casks & equipment to include UNF bare fuel casks, UNF bare fuel impact limiters & 
skids, ancillary equipment, and storage canisters & casks at the CSF.  It is noteworthy that for 
this particular Base Case scenario, there are no UNF bare fuel casks in the mix.  As these are 
included as part of Scenario 6 only, they are reflected in the cask totals for Scenario 6 in Section 
6.4.2.5.  Specifics on costs for procurements during operations for TSC equipment and DPC 
casks & equipment are shown in Table 6-22. 
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Table 6-22.  Cask Procurements – Remainder During Ops [thru 2102] Schedule and Life 
Cycle Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 

5.2.1    TSCs – Equipment – Remainder During Operations Oct-2022 Sep-2073  $11.1   $13.0   $19.5  

5.2.2    DPCs – Casks & Equipment – Remainder During Ops Oct-2022 Sep-2102  $681.4   $801.6   $1,202.4 

5.2.3    UNF Bare Fuel Casks – Casks & Equip – Rem Dur Ops NA NA -- NA -- 

            SUB-TOTAL (WBS Element 5.2) Oct-2022 Sep-2037  $692.4   $814.6   $1,221.9 

 
As detailed in the construction phase Cask Procurement Section 6.3.1.5, the total operational 
cask costs are derived from a composite cask type cost multiplied by yearly shipment quantities 
derived from the TSM model for each scenario (note : the cask procurements end date has been 
shifted forward 2 years versus that in TSM to accommodate cask lead times).  The quantity and 
timing of cask procurements match the number and timing of cask rail cars acquired.  Casks are 
assumed to require a three year lead time so the costs are spread evenly across the three years 
prior to the year they are needed for scheduled shipments. 
 
6.3.5.3.  Rail Car Procurements – Remainder During Operations [thru 2033] (WBS 
Element 5.3).  This category includes the actual rail car procurements that occur during the 
entire operations phase subsequent to the 36 months lead procurements (WBS Element 1.9.6).  
The actual procurements include the cask car, buffer car and escort car procurements.  It is 
noteworthy that no locomotive procurements are expected, as locomotive services are expected 
to be included in the testing fees and/or the transportation services, as applicable.  Specifics on 
costs for rail car procurements during operations are shown in Table 6-23. 
 

Table 6-23.  Rail Car Procurements – Remainder During Ops [thru 2033] Schedule and 
Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End 
Date 

Cost in 2012 $ M 
Low Point High 

5.3.1.1    Cask Cars – Remainder during Operations [thru 2033] Oct-2024 Sep-2033  $67.8   $79.8   $119.7 
5.3.2.1    Buffer Cars – Remainder during Ops [thru 2033] Oct-2024 Sep-2033  $36.0   $42.3   $63.5  
5.3.3.1    Escort Cars – Remainder during Ops [thru 2033] Oct-2024 Sep-2033  $101.9  $119.9   $179.8 

            SUB-TOTAL (WBS Element 5.2) Oct-2024 Sep-2033  $205.7  $242.0   $362.9 

 
As detailed in document section 6.3.1.9, rail cars themselves are purchased on a schedule that 
ensures they are procured by the start of the year in which they are required to handle the 
volume of SNF shipping.  The quoted rail car costs are utilized with a procurement schedule 
derived from the TSM model to determine the expenditure timeline.  Rail cars are assumed to 
require a 24 month lead time and costs are assumed to be incurred equally in the two 
procurement years.  The WBS 5.3 costs are for procurements during facility operations.  The rail 
car costs incurred prior to the operations phase are included in the WBS 1.6.3 cost sections. 
 
6.3.5.4.  Transportation Services / Operations [thru 2105] (WBS Element 5.4.1).  This 
category includes transportation services / operations costs [thru 2105] that occur during the 
entire operations phase subsequent to pre-start of operations activities (WBS Element 1.6.4).  
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These costs are referenced and described in Section 5.0 of this report. Specifics on these costs 
are shown in Table 6-24. 
 

Table 6-24.  Transportation Services / Operations [thru 2105] Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ Millions 
Low Point High 

5.4.1    Transportation Services / Operations [thru 2105] Oct-2024 Sep-2105 $817.0  $1,021.3 $2,042.5 

            SUB-TOTAL (WBS Element 5.4.1) Oct-2024 Sep-2105 $817.0  $1,021.3 $2,042.5 

 
Transportation costs are obtained directly from the TSM.  The TSM model (detailed in Section 5 
of this report) formulates a plan to move all existing and anticipated SNF from shutdown and 
utility sites to the CSF.  The TSM calculates multi-modal transportation costs based on locations 
and estimated waste volumes.  The costs included here are a direct TSM model output for each 
scenario based on delivery to a western U.S. location utilizing multi-modal transportation costs.  
The transportation costs include unique shutdown site equipment which is supplied by the 
transportation provider.  The TSM model costs do not include the teams required to provide 
security for rail shipments.  The TSM outputs the maximum number of concurrent shipments for 
each year; this number is used as the basis for estimating the cost of the required security detail 
for each year with shipments.  The TSM model outputs this value for all Scenarios except for 
Scenario 3.  The Scenario 3 and Scenario 7 security detail quantities are estimated in proportion 
to the Scenario 1 details using a proportion of the tons of UNF being shipped in each Scenario. 
 
6.3.5.5.  CSF Facility Operations [thru 2105] (WBS Element 5.5.1).  This category includes 
CSF facility operations costs [thru 2105]. Specifics on these costs are shown in Table 6-25. 
 

Table 6-25.  CSF Facility Operations [thru 2105] Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
5.5.1    CSF Facility Operations [thru 2105] Oct-2024 Sep-2105  $718.1  $897.7   $1,795.3 

            SUB-TOTAL (WBS Element 5.5.1) Oct-2024 Sep-2105  $718.1  $897.7   $1,795.3 
 
The operations costs are based on a build-up for facilities from the 2008 Yucca TSLCC estimate 
with similar functions.  The labor categories and levels of effort were analyzed to determine the 
required level of effort for the CSF facilities.  Some categories were excluded while the level of 
effort requirement for many is modified to more closely match the need for the CSF design.   
 
The variable operating labor costs were further estimated for full operating capacity and a 
minimal operating capacity to address those years where fewer shipments are coming in or 
leaving the CSF.  The labor costs are scaled by year between the two states based on the total 
number of casks being received and shipped to the repository.  Cask shipment volumes, derived 
from TSM data output, are used to estimate a proportional divide between incoming operations 
costs and outgoing shipment operations (i.e., Export to Fence Line Operation in Section 6.3.5.7).   
 
6.3.5.6.  State & Tribal Emergency Assistance (180(c )) [thru 2101] (WBS Element 5.6.1).  
This category includes state & tribal emergency assistance (i.e., 180(c )) costs [thru 2105] that 
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occur during the entire operations phase subsequent to pre-start of operations activities (WBS 
Element 1.7.3).  Specifics on these costs are shown in Table 6-26. 

Table 6-26.  State & Tribal Emergency Assistance (180(c )) [thru 2101] Schedule and Life 
Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
5.6.1    State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2101  $521.8  $652.3  $1,304.5 

            SUB-TOTAL (WBS Element 5.6.1) Oct-2024 Sep-2101  $521.8  $652.3  $1,304.5 
 
The State and Tribal Emergency Assistance Grant cost estimation methodology is detailed in 
document section 6.3.1.7.  The earlier detail describes the estimation methodology and displays 
the pre-operational cost estimate for the grant programs (WBS Element 1.7.3).  The costs here 
are the operational cost totals for the grant program. 
 
6.3.5.7.  CSF Facility Export to Fence Line Operations [thru 2105] (WBS Element 5.7.1).  
This category includes CSF Facility Export to Fence Line costs [thru 2105] that occur during the 
operations phase once the CSF begins shipping/operating as a gateway for fuel to be shipped to 
the repository.  These costs do not include costs for the actual disposal canisters  themselves or 
costs to ship from the CSF (once outside the fence line) to the repository. Specifics on these 
costs are shown in Table 6-27. 
 
Table 6-27.  CSF Facility Export to Fence Line Operations [thru 2105] Schedule and Life Cycle 

Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 
5.7.1    CSF Facility Export to Fence Line Operations [thru 2105] Oct-2034 Sep-2105  $911.7   $1,139.6 $2,279.2  

            SUB-TOTAL (WBS Element 5.7) Oct-2034 Sep-2105  $911.7   $1,139.6 $2,279.2  

 
The operations costs calculation, described in section 6.3.5.5 (WBS 5.5.1), covers all operations.  
The costs for Cask Export operations are assumed to be the proportion of operating costs 
reflective of total cask operations.  For example, if 200 casks are coming into the facility for 
processing/storage and 100 casks are being exported to the repository that year then on third of 
the operations costs are attributed to the Export cost.  The cask import/export rates are obtained 
from the TSM model.    
 
6.3.6  CSF Deactivation & Decommissioning [2106 – 2112] 
 
6.3.6.1.  CSF Deactivation & Decommissioning [2106 – 2112] (WBS Element 6.1).  This 
category includes CSF deactivation & decommissioning costs for the cask storage pad, 
buildings, spent fuel pool, and other/miscellaneous items.  More detailed descriptions of these 
activities can be found in Section 4.4 of this report entitled Decommissioning Considerations.  
Specifics on these costs are shown in Table 6-28. 
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Table 6-28.  CSF Deactivation & Decommissioning [2106-2112] Schedule and Life Cycle 
Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 
6.1.1    Cask Storage Pad D&D [2106 - 2112] Oct-2106 Sep-2112 $157.1  $184.8  $277.2  
6.1.2    Buildings D&D [2106 - 2112] Oct-2106 Sep-2112 $18.4  $21.7  $32.6 
6.1.3    Spent Fuel Pool D&D [2106 - 2112] Oct-2106 Sep-2112 $53.6  $63.0  $94.5  
6.1.4    Other / Misc D&D-Related Costs [2106 - 2112] Oct-2106 Sep-2112 $17.3  $20.3  $30.5  

            SUB-TOTAL (WBS Element 6.1) Oct-2106 Sep-2112 $246.3  $289.8  $434.7  

 
The D&D costs included in the CSF estimate are detailed Deactivation and Decommissioning 
section of this paper.  The costs for each section were broken down and the tasks estimated at 
the structure level.  The D&D section of the paper describes a methodical approach and set of 
precautions required throughout operation and decommissioning designed to minimize 
unintended contamination.  The cost estimations are based on a mix of expert judgment and 
available industry knowledge as follows: 
 

• Storage Pad – budget estimate extrapolated by utility from completed project 
• Building Demolition and Removal – clean buildings $6/sq. ft.; low level waste $25/sq. ft. 
• Spent Fuel Pool – period dependent costs for remediation activities - $40M, additional 

costs $23M, derived from utility company estimate 
• Survey costs, etc. – estimated at $2M 
• Additional miscellaneous costs 

 
6.4  ALTERNATIVE SCENARIOS ANALYSES 
 
Tables 6-29 through 6-34 provide schedule and life cycle cost information for Scenario 2 
through Scenario 7.  These scenarios can be compared to the Base Case (Scenario 1) in Section 
6.2 (Table 6-4) and/or to each other.  The explanations of each scenario are provided below in 
Section 6.4.1, and these are followed collectively in Section 6.4.2 by the tables that depict each 
cost and schedule scenario.   Corresponding detailed schedule information for Scenarios 1-6 is 
provided in Appendix D. 
 
6.4.1  Scenarios 2 through 7 - Descriptions and Analyses 

6.4.1.1.  Scenario 2 - Schedule and Cost Description and Analysis  

This section discusses the schedule and cost for the CSF design concepts and associated 
operational scenarios CSF Scenario 2, which includes one CSF, accepting TSCs and DPCs only, 
taking TSCs first starting in 2022 with DPCs to follow starting in 2024, beginning to accept fuel 
at a repository in 2035, and a maximum acceptance rate of 3,000 MT/year.  This scenario is 
consistent with CSF construction beginning in the 2018 – 2020 timeframe. 
 
Table 6-29 depicts the life cycle cost (including cost ranges) for Scenario 2.  In order to make the 
2022 start of operations date, the total program would be accelerated to begin in January 2013 
and end in 2114 after deactivation & decommissioning.  The range of costs in total would be 
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$5,239M to $11,937M, with a point estimate of $6,433M.  This represents only an increase from 
the point estimate for the Base Case of $473M, due primarily to higher rail car requirements as 
well as increases in the number of storage casks as the CSF to accommodate higher maximum 
storage at the CSF. 
 
The major challenge confronting Scenario 2 is to meet the 2022 acceptance date.  Whereas casks 
and CSF construction still exhibit some slack, there will be challenges in executing the rail car 
procurements to make the 2022 operations start date.  The Scenario 2 schedule not only assumes 
that the overall project start date is January 2013, which is not likely, but entails shortening 
and/or putting in parallel multiple rail car activities, which were already on the critical path in 
Scenario 1.  In addition to the rail cars, the 180(c) activities now appear on the critical path, all of 
which cause Scenario 2 to be high risk from a schedule perspective. 
 
6.4.1.2.  Scenario 3 - Schedule and Cost Description and Analysis.  

This section discusses the schedule and cost for the CSF design concepts and associated 
operational scenarios CSF Scenario 3, which includes one CSF, accepting TSCs and DPCs only, 
taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a repository 
in 2035, and a maximum acceptance rate of 2,000 MT/year.   
 
Table 6-30 depicts the life cycle cost (including cost ranges) for Scenario 3.  The total program 
would begin in 2014 and end in 2112 after deactivation & decommissioning.  The range of costs 
in total would be $4,674M to $10,949M, with a point estimate of $5,769M.  This represents a 
decline from the point estimate for the Base Case of $191M.  This is driven by the lower 
maximum acceptance rate which is manifest in lower rail car requirements, lower pad costs, and 
fewer storage casks to accommodate reduced maximum storage at the CSF. 
 
6.4.1.3.  Scenario 4 - Schedule and Cost Description and Analysis.  

This section discusses the schedule and cost for the CSF design concepts and associated 
operational scenarios CSF Scenario 4, which includes two CSFs, accepting TSCs and DPCs 
only, taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a 
repository in 2035, and a maximum acceptance rate of 3,000 MT/year.   
 
Table 6-31 depicts the life cycle cost (including cost ranges) for the Scenario 4.  The total 
program would be begin in 2014 and end in 2112 after deactivation & decommissioning.  The 
range of costs in total would be $5,404M to $12,534M, with a point estimate of $6,657M.  This 
represents an increase from the point estimate for the Base Case of $697M, but there are 
substantial savings as well. 
 
Overall cost increases are driven by the higher aggregation of costs over the two CSFs, which is 
somewhat offset by lower costs for the individual components.  Costs including facility design 
and licensing, rail access design and construction, facility construction, facility operations and 
deactivation & decommissioning often but not always go down in relation to the Base Case for 
each site, but in aggregate there is an increase in costs.  Further, costs for rail cars and casks 
remain essentially the same as for the Base Case, but there is a substantial drop in transportation 
services.  Of note, whereas costs for the CSF facilities have been broken out separately for CSFs 
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#1 and #2, the costs for the other elements, i.e., design and licensing, facility operations, 
transportation operations, deactivation & decommissioning, etc., have been combined.  
 
6.4.1.4.  Scenario 5 - Schedule and Cost Description and Analysis.  

This section discusses the schedule and cost for the CSF design concepts and associated 
operational scenarios CSF Scenario 5, which includes one CSF, accepting TSCs and DPCs only, 
taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a repository 
in 2040, and a maximum acceptance rate of 3,000 MT/year.   
 
Table 6-32 in section 6.4.2.4 below depicts the life cycle cost (including cost ranges) for 
Scenario 5.  The total program would be begin in 2014 and end in 2112 after deactivation & 
decommissioning.  The range of costs in total would be $5,048M to $11,589M, with a point 
estimate of $6,206M.  This represents an increase from the point estimate for the Base Case of 
$246M.  The main reason for this is to accommodate increased storage casks at the CSF as 
driven by the later repository acceptance date. 
 
6.4.1.5.  Scenario 6 - Schedule and Cost Description and Analysis.  

This section discusses the schedule and cost for the CSF design concepts and associated 
operational scenarios CSF Scenario 6, which includes one CSF, accepting TSCs, DPCs and Bare 
UNF, taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a 
repository in 2035, and a maximum acceptance rate of 3,000 MT/year.   
 
Table 6-33 depicts the life cycle cost (including cost ranges) for the Base Case.  The total 
program would be begin in 2014 and end in 2112 after deactivation & decommissioning.  The 
range of costs in total would be $6,559M to $14,332M, with a point estimate of $7,992M.  This 
represents an increase from the point estimate for the Base Case of $2,032M.  The main reason 
for this is to accommodate the acceptance of Bare UNF, which is mostly due to the increased 
requirements for storage canisters that will be needed to store the bare UNF on the pad.  In 
addition, there is some tradeoff between Base Case and Scenario 6 regarding storage casks that 
are used for DPCs versus storage casks that are now used for Bare UNF storage canisters. 
 
6.4.1.6.  Scenario 7 - Schedule and Cost Description and Analysis.  

This section discusses the schedule and cost for the CSF design concepts and associated 
operations scenario CSF Scenario 7, which includes one CSF, accepting TSCs, DPCs and Bare 
UNF, taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a 
repository in 2035.  The key difference is an accelerated acceptance rate of 6000 MT/year.   
Table 6-34 depicts the life cycle cost (including cost ranges) for Scenario 7.  The total program 
would begin in 2014 and end in 2111 after deactivation & decommissioning.  The range of costs 
in total would be $6,526M to $14,580M, with a point estimate of $7,984M.  This represents an 
increase from the point estimate for the Base Case of $2,023M.  The main reason for this is the 
costs to increase the infrastructure to address the higher acceptance rate and the much higher 
transportation asset procurements required to move the higher volume of UNF. 
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6.4.2  Scenarios 2 through 5 - Schedule and Cost 

6.4.2.1.  Scenario 2 - Schedule and Cost 

Table 6-29.  Scenario 2 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Jan-2013 Sep-2022 $507.6 $621.7 $1,141.1 
1.1       Front End Plans / Siting Jan-2013 Aug-2015 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Jan-2013 Apr-2017 $60.3 $75.3 $150.7 
1.3       CSF License Application (LA) Apr-2015 Jul-2020 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Apr-2014 Dec-2016 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Dec-2016 Sep-2022 $112.6 $133.9 $213.4 
1.6       Transportation Dec-2014 Sep-2022 $201.4 $251.8 $503.6 
1.7       State & Tribal Emergency Plans Sep-2015 Jun-2022 $19.2 $24.0 $47.8 
1.8       Security Plans Oct-2021 Apr-2022 $0.1 $0.2 $0.2 
1.9       Rail Cars Mar-2015 Jun-2022 $80.7 $94.9 $142.4 

1.10       CSF Plans & Permitting Feb-2018 Apr-2020 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Sep-2020 Jun-2022 
 

$46.8 
 

$58.5 
 

$117.0 2.1       CSF Site Procurement & Construction 
2.1.1          Rail Yard Sep-2020 Jun-2022 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Sep-2020 Jun-2022 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Sep-2020 Jun-2022 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Sep-2020 Jun-2022 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 
 

$60.6 
 

$75.8 
 

$151.5 3.1       CSF Site Procurement & Construction (Add’l for Phase II) 
3.1.1          Cask Storage Pad (2,855 Casks) Dec-2022 Sep-2024 $24.8 $31.0 $61.9 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2031 Sep-2034 
 

$264.2 
 

$330.2 
 

$660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
5.0    Phase IV : UNF System Operations Feb-2021 Sep-2107 $4,113.6 $5,056.8 $9,432.1 
5.1       UNF System Operations CD-4 (Start of Operations) Jun-2021 Jun-2022 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations Feb-2021 Sep-2106 $827.9 $974.1 $1,461.1 
5.3       Rail Car Procurements – Remainder During Operations Jun-2022 Sep-2027 $330.6 $389.0 $583.4 
5.4       Transportation Services / Operations Jun-2022 Sep-2107 $807.5 $1,009.4 $2,018.8 
5.5       CSF Facility Operations Jun-2022 Sep-2107 $696.3 $870.4 $1,740.9 
5.6       State & Tribal Emergency Assistance (180(c )) Jun-2022 Sep-2103 $524.1 $655.1 $1,310.2 
5.7       CSF Facility Export to Fence Line Operations Oct-2034 Sep-2107 $927.1 $1,158.9 $2,317.8 

6.0    Phase V : CSF Deactivation & Decommissioning 
Oct-2108 Sep-2114 

 
$246.3 

 
$289.8 

 
$434.7 6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Jan-2013 Sep-2114 $5,239.1 $6,432.7 $11,936.7 
Note 1 Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations.  
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6.4.2.2.  Scenario 3 - Schedule and Cost 

Table 6-30.  Scenario 3 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2024 $359.5 $445.5 $859.8 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Sep-2018 $58.4 $73.0 $146.1 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2022 $21.4 $25.2 $38.3 
1.6       Transportation Oct-2015 Sep-2024 $195.8 $244.8 $489.6 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $18.8 $23.5 $46.9 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Dec-2022 Sep-2024 
 

$46.8 $58.5 $117.0 
2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 
 

$48.2 $60.3 $120.6 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) 

3.1.1          Cask Storage Pad (1,372 Casks) Dec-2022 Sep-2024 $12.4 $15.5 $31.0 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 

3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 

3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2031 Sep-2034 
 

$264.2 $330.2 $660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
5.0    Phase IV : UNF System Operations Oct-2024 Sep-2112 $3,709.2 $4,584.9 $8,756.2 
5.1       UNF System Operations CD-4 (Start of Operations) Sep-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations Oct-2022 Sep-2102 $524.1 $616.6 $924.8 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Oct-2036 $178.9 $210.5 $315.7 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $862.2 $1,077.7 $2,155.5 
5.5       CSF Facility Operations Oct-2024 Sep-2105 $739.4 $924.3 $1,848.5 
5.6       State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2105 $520.3 $650.4 $1,300.8 
5.7       CSF Facility Export to Fence Line Operations Oct-2034 Sep-2105 $884.4 $1,105.5 $2,210.9 
6.0    Phase V : CSF Deactivation & Decommissioning 

Oct-2106 Sep-2112 
 

$246.3 $289.8 $434.7 
6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $4,674.2 $5,769.1 $10,948.7 
Note 1 Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
Note 2 Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations.  
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6.4.2.3.  Scenario 4 - Schedule and Cost  

Table 6-31.  Scenario 4 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2024 $601.0 $747.3 $1,463.5 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $80.7 $100.9 $201.9 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $65.2 $81.5 $163.0 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2022 $21.4 $25.2 $38.3 
1.6       Transportation Oct-2015 Sep-2024 $388.0 $485.0 $970.1 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $13.2 $16.5 $32.8 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs Dec-2022 Sep-2024 $75.4 $94.2 $188.5 
2.1       CSF Site Procurement & Construction Dec-2022 Sep-2024 $37.7 $47.1 $94.2 

2.1.1          Rail Yard Dec-2022 Sep-2024 $5.1 $6.4 $12.8 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $20.9 $26.1 $52.2 
2.2       CSF Site #2 Procurement & Construction Dec-2022 Sep-2024 $37.7 $47.1 $94.2 

2.2.1          Rail Yard Dec-2022 Sep-2024 $5.1 $6.4 $12.8 
2.2.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.2.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.2.4          Balance of Plant Dec-2022 Sep-2024 $20.9 $26.1 $52.2 
3.0    Phase II : Receive Canistered UNF in TCs Dec-2022 Sep-2024 $90.2 $112.7 $225.4 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) Dec-2022 Sep-2024 $44.0 $55.0 $110.1 

3.1.1          Cask Storage Pad (811 Casks) Dec-2022 Sep-2024 $8.2 $10.2 $20.5 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
3.2       CSF Site #2 Procurement & Constr (Add’l for Phase II) Dec-2022 Sep-2024 $46.1 $57.6 $115.3 

3.2.1          Cask Storage Pad (1,074 Casks) Dec-2022 Sep-2024 $10.3 $12.8 $25.7 
3.2.2          Cask Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.2.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.2.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  May-2031 Sep-2034 $352.2 $440.3 $880.5 
4.1    CSF Site Procurement & Construction (Add’l for Phase III) May-2031 Sep-2034 $176.1 $220.1 $440.3 

4.1.1          Pool Repackaging / Waste Handling Facility May-2031 Sep-2034 $176.1 $220.1 $440.3 
4.2    CSF Site #2 Procurement & Constr (Add’l for Phase III) May-2031 Sep-2034 $176.1 $220.1 $440.3 

4.2.1          Pool Repackaging / Waste Handling Facility May-2031 Sep-2034 $0.0 $0.0 $0.0 
5.0    Phase IV : UNF System Operations [thru 2105] Oct-2024 Sep-2105 $3,908.5 $4,819.6 $9,111.0 
5.1       UNF System Operations CD-4 (Start of Operations) Oct-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations  Oct-2022 Sep-2102 $692.4 $814.6 $1,221.9 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2033 $205.7 $242.0 $362.9 
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Table 6-31.  Scenario 4 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $539.6 $674.6 $1,349.1 
5.5       CSF Facility Operations [CSFs 1&2] Oct-2024 Sep-2105 $957.5 $1,196.9 $2,393.8 
5.6       State & Tribal Emergency Assistance (180(c ))  Oct-2024 Sep-2101 $297.8 $372.2 $744.4 

5.7       CSF Facility Export to Fence Line Operations [CSFs 1&2] Oct-2034 Sep-2105 $1,215.6 $1,519.5 $3,038.9 

6.0    Phase V : CSF Deactivation & Decomm  [CSFs 1&2] 
Oct-2106 Sep-2112 

 
$376.6 

 
$443.1 

 
$664.7 6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $5,403.9 $6,657.2 $12,533.5 
Notes (1) Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 

 (2) Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 

 
6.4.2.4.  Scenario 5 - Schedule and Cost 
 

Table 6-32.  Scenario 5 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2024 $361.8 $448.4 $865.7 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $60.8 $76.0 $152.0 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2022 $21.4 $25.2 $38.3 
1.6       Transportation Oct-2015 Sep-2024 $195.8 $244.8 $489.6 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $18.8 $23.5 $46.9 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Dec-2022 Sep-2024 
 

$46.8 $58.5 $117.0 
2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 
 

$64.0 
 

$80.0 
 

$160.1 3.1       CSF Site Procurement & Construction (Add’l for Phase II) 
3.1.1          Cask Storage Pad (3,288 Casks) Dec-2022 Sep-2024 $28.2 $35.2 $70.5 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2036 Sep-2039 
 

$264.2 $330.2 $660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
5.0    Phase IV : UNF System Operations Oct-2024 Sep-2105 $4,064.3 $4,999.4 $9,350.8 
5.1       UNF System Operations CD-4 (Start of Operations) Sep-2023 Sep-2024 $0.0 $0.0 $0.0 
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Table 6-32.  Scenario 5 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
5.2       Cask Procurements - Remainder During Operations Oct-2022 Sep-2102 $896.1 $1,054.2 $1,581.3 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2033 $205.7 $242.0 $362.9 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $817.0 $1,021.3 $2,042.5 
5.5       CSF Facility Operations Oct-2024 Sep-2105 $705.5 $881.8 $1,763.7 
5.6       State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2105 $521.8 $652.3 $1,304.5 
5.7       CSF Facility Export to Fence Line Operations Sep-2039  Sep-2105 $918.3 $1,147.9 $2,295.8 

6.0    Phase V : CSF Deactivation & Decommissioning 
Oct-2106 Sep-2112 

 
$246.3 $289.8 $434.7 

6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $5,047.5 $6,206.4 $11,588.7 
Note 1 Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
Note 2 Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 
 
6.4.2.5.  Scenario 6 - Schedule and Cost  

Table 6-33.  Scenario 6 - Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2026 $422.0 $519.1 $970.8 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $59.3 $74.1 $148.1 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2026 $83.1 $97.8 $147.2 
1.6       Transportation Oct-2015 Sep-2024 $195.8 $244.8 $489.6 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $18.8 $23.5 $46.9 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Dec-2022 Sep-2024 $46.8 $58.5 $117.0 
2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 $53.8 $67.3 $134.5 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) 

3.1.1          Cask Storage Pad (2,047 Casks) Dec-2022 Sep-2024 $18.0 $22.5 $44.9 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2025 Sep-2028 $264.2 $330.2 $660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
5.0    Phase IV : UNF System Operations Oct-2024 Sep-2105 $5,525.8 $6,727.3 $12,014.5 
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Table 6-33.  Scenario 6 - Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 
5.1       UNF System Operations CD-4 (Start of Operations) Sep-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations Oct-2022 Sep-2102 $2,171.9 $2,554.2 $3,831.2 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2043 $277.1 $326.0 $488.9 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $883.8 $1,104.7 $2,209.4 
5.5       CSF Facility Operations Oct-2024 Sep-2105 $667.8 $834.8 $1,669.6 
5.6       State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2101 $564.2 $705.2 $1,410.5 
5.7       CSF Facility Export to Fence Line Operations Oct-2034 Sep-2105 $962.0 $1,202.4 $2,404.9 
6.0    Phase V : CSF Deactivation & Decommissioning 

Oct-2106 Sep-2112 $246.3 $289.8 $434.7 
6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $6,559.0 $7,992.1 $14,331.9 
Note 1 Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
Note 2     Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 
 
6.4.2.6.  Scenario 7 - Schedule and Cost  

Table 6-34.  Scenario 7 - Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date 

End Date 
Cost in 2012 $ M 

Low Point High 

1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2026 $417.5 $519.7 $1,021.4 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $130.6 $163.3 $326.5 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $32.6 $40.7 $81.5 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2026 $20.6 $24.2 $36.3 
1.6       Transportation Oct-2015 Sep-2024 $195.8 $244.8 $489.6 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $27.8 $34.8 $69.4 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $9.3 $10.9 $16.4 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs 

Dec-2022 Sep-2024 
 

$46.8 $58.5 $117.0 
2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $27.4 $34.3 $68.6 
3.0    Phase II : Receive Canistered UNF in TCs (DPCs/TCs) 

Dec-2022 Sep-2024 
 

$529.5 $661.9 $1,323.7 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) 

3.1.1          Cask Storage Pad (2,047 Casks) Dec-2022 Sep-2024 $493.7 $617.1 $1,234.1 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  

May-2025 Sep-2028 
 

$264.2 
 

$330.2 
 

$660.4 4.1    CSF Site Procurement & Construction (Add’l for Phase II) 
4.1.1          Pool Repackaging / Waste Handling Facility 
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Table 6-34.  Scenario 7 - Schedule and Life Cycle Cost. 

WBS Cost Category 
Start 
Date End Date 

Cost in 2012 $ M 

Low Point High 

5.0    Phase IV : UNF System Operations Oct-2024 Sep-2104 $5,021.4 $6,123.7 $11,023.0 
5.1       UNF System Operations CD-4 (Start of Operations) Sep-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations Oct-2022 Sep-2102 $1,967.5 $2,314.7 $3,472.0 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2043 $114.0 $134.1 $201.2 
5.4       Transportation Services / Operations Oct-2024 Sep-2104 $812.9 $1,016.2 $2,032.4 
5.5       CSF Facility Operations Oct-2024 Sep-2104 $225.4 $281.7 $563.4 
5.6       State & Tribal Emergency Assistance (180(c )) Oct-2024 Sep-2101 $509.3 $636.6 $1,273.1 
5.7       CSF Facility Export to Fence Line Operations Oct-2034 Sep-2104 $1,392.4 $1,740.5 $3,481.0 

6.0    Phase V : CSF Deactivation & Decommissioning 
Oct-2105 Sep-2111 

 
$246.3 $289.8 $434.7 

6.1       CSF Deactivation & Decommissioning 

            TOTAL CSF Life Cycle Oct-2013 Sep-2111 $6,525.7 $7,983.8 $14,580.3 
Note 1 Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
Note 2     Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 
 
 
6.5  SCENARIOS 2 AND 4 ADDITIONAL MODIFICATIONS 
 
This section addresses additional modifications to Scenarios 2 and 4.  Modified Scenario 2 
captures the front-end capability development activities.  Modified Scenario 4 identifies the 
costs associated with 2 CSFs where there would be only one Pool Repackaging / Waste 
Handling Facility instead of two (i.e., one at each site) in the original scenario. 
 
6.5.1  Modified Scenario 2 : Front End Capability Development 
This section discusses Modified Scenario 2 and captures the front-end capability development 
activities and costs that lead to the start of operations and account for shipping TSCs only.  
Modified Scenario2 includes one CSF with the capacity to accept TSCs from 2022 – 2024. 
 
Table 6-35 depicts the life cycle cost (including cost ranges) for Modified Scenario 2.  The range 
of costs in total would be $614.5M to $1,535.8M, with a point estimate of $768.3M.  Figure 6-2 
shows the time phase schedule for Modified Scenario 2.  For additional context, please refer to 
the detailed schedule in Appendix D 

 
Table 6-35.  Modified Scenario 2 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 

1.0    Phase 0 : Front End Authorizations & Acquisitions Jan-2013 Sep-2022 $482.5 $603.2 $1,205.8 

1.1       Front End Plans / Siting Jan-2013 Aug-2015 $0.0 $0.0 $0.0 

1.2       CSF Design / Environmental Impact Statement (EIS) Jan-2013 Apr-2017 $60.3 $75.3 $150.7 

1.3       CSF License Application (LA) Apr-2015 Jul-2020 $32.6 $40.7 $81.5 

1.4       Standard Contract Changes (i.e., Queue, etc.) Apr-2014 Dec-2016 $0.0 $0.0 $0.0 

1.5       Cask Procurements [36 Months Lead] Dec-2016 Sep-2022 $26.4 $33.0 $66.0 

1.6       Transportation Dec-2014 Sep-2022 $201.4 $251.9 $503.6 
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Table 6-35.  Modified Scenario 2 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 

1.7       State & Tribal Emergency Plans Sep-2015 Jun-2022 $19.2 $24.0 $47.8 

1.8       Security Plans Oct-2021 Apr-2022 $0.1 $0.2 $0.2 

1.9       Rail Cars [36 Months Lead] Mar-2015 Jun-2022 $141.8 $177.3 $354.5 

1.10       CSF Plans & Permitting Feb-2018 Apr-2020 $0.7 $0.8 $1.5 

2.0    Phase I : Receive Canistered UNF in TSCs 
Sep-2020 Jun-2022 $46.8 $58.5 $117.0 

2.1       CSF Site Procurement & Construction 

2.1.1          Rail Yard Sep-2020 Jun-2022 $7.7 $9.6 $19.2 

2.1.2          Cask Mobile Lifting / Transfer Equipment Sep-2020 Jun-2022 $7.7 $9.6 $19.2 

2.1.3          Cask Storage Pad (224 Casks) Sep-2020 Jun-2022 $4.0 $5.0 $10.0 

2.1.4          Balance of Plant Sep-2020 Jun-2022 $27.4 $34.3 $68.6 

3.0    Phase IV : UNF System Operations Feb-2021 Sep-2024 $85.2 $106.6 $213.0 

3.1       UNF System Operations CD-4 (Start of Operations) Jun-2021 Jun-2022 $0.0 $0.0 $0.0 

3.2       Transportation Services / Operations Jun-2022 Sep-2024 $15.8 $19.7 $39.4 

3.3       CSF Facility Operations Jun-2022 Sep-2024 $33.6 $42.1 $84.1 

3.4       State & Tribal Emergency Assistance (180(c )) Jun-2022 Sep-2024 $35.8 $44.8 $89.5 

            TOTAL CSF Life Cycle Jan-2013 Sep-2024 $614.5 $768.3 $1,535.8 
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Figure 6-2.  Time-Phased Schedule for Modified Scenario 2. 

 
6.5.2  Modified Scenario 4 : Two CSFs with One Pool Repackaging / Waste Handling 
Facility 
This section discusses Modified Scenario 4, which identifies the costs associated with 2 CSFs 
where there would be only one Pool Repackaging / Waste Handling Facility instead of two (i.e., 
one at each site) in the original scenario.  This scenario includes two CSFs, accepting TSCs and 
DPCs only, taking waste from stranded sites first (starting in 2025), beginning to accept fuel at a 
repository in 2035, and a maximum acceptance rate of 3,000 MT/year.   
 
Table 6-36 depicts the life cycle cost (including cost ranges) for Modified Scenario 4.  The range 
of costs in total would be $4,934.8M to $11,400.3M, with a point estimate of $6,074.9M. 

Table 6-36.  Modified Scenario 4 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.0    Phase 0 : Front End Authorizations & Acquisitions Oct-2013 Sep-2024 $601.0 $747.3 $1,463.5 
1.1       Front End Plans / Siting Oct-2013 Oct-2016 $0.0 $0.0 $0.0 
1.2       CSF Design / Environmental Impact Statement (EIS) Oct-2013 Jun-2018 $80.7 $100.9 $201.9 
1.3       CSF License Application (LA) Jun-2016 Sep-2021 $65.2 $81.5 $163.0 
1.4       Standard Contract Changes (i.e., Queue, etc.) Jan-2015 Sep-2017 $0.0 $0.0 $0.0 
1.5       Cask Procurements [36 Months Lead] Jan-2018 Sep-2022 $21.4 $25.2 $38.3 
1.6       Transportation Oct-2015 Sep-2024 $388.0 $485.0 $970.1 
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Table 6-36.  Modified Scenario 4 - Schedule and Life Cycle Cost. 

WBS Cost Category Start Date End Date 
Cost in 2012 $ M 

Low Point High 
1.7       State & Tribal Emergency Plans Jul-2016 Sep-2024 $13.2 $16.5 $32.8 
1.8       Security Plans Jan-2024 Jul-2024 $0.1 $0.2 $0.2 
1.9       Rail Cars May-2016 Sep-2024 $31.6 $37.2 $55.8 

1.10       CSF Plans & Permitting May-2019 Dec-2021 $0.7 $0.8 $1.5 
2.0    Phase I : Receive Canistered UNF in TSCs Dec-2022 Sep-2024 $75.4 $94.2 $188.5 
2.1       CSF Site Procurement & Construction Dec-2022 Sep-2024 $37.7 $47.1 $94.2 

2.1.1          Rail Yard Dec-2022 Sep-2024 $5.1 $6.4 $12.8 
2.1.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.1.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.1.4          Balance of Plant Dec-2022 Sep-2024 $20.9 $26.1 $52.2 
2.2       CSF Site #2 Procurement & Construction Dec-2022 Sep-2024 $37.7 $47.1 $94.2 

2.2.1          Rail Yard Dec-2022 Sep-2024 $5.1 $6.4 $12.8 
2.2.2          Cask Mobile Lifting / Transfer Equipment Dec-2022 Sep-2024 $7.7 $9.6 $19.2 
2.2.3          Cask Storage Pad (224 Casks) Dec-2022 Sep-2024 $4.0 $5.0 $10.0 
2.2.4          Balance of Plant Dec-2022 Sep-2024 $20.9 $26.1 $52.2 
3.0    Phase II : Receive Canistered UNF in TCs Dec-2022 Sep-2024 $90.2 $112.7 $225.4 
3.1       CSF Site Procurement & Construction (Add’l for Phase II) Dec-2022 Sep-2024 $44.0 $55.0 $110.1 

3.1.1          Cask Storage Pad (811 Casks) Dec-2022 Sep-2024 $8.2 $10.2 $20.5 
3.1.2          Canister Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.1.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.1.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
3.2       CSF Site #2 Procurement & Constr (Add’l for Phase II) Dec-2022 Sep-2024 $46.1 $57.6 $115.3 

3.2.1          Cask Storage Pad (1,074 Casks) Dec-2022 Sep-2024 $10.3 $12.8 $25.7 
3.2.2          Cask Transfer Facility Dec-2022 Sep-2024 $27.0 $33.8 $67.6 
3.2.3          Cask Fabrication Facility Dec-2022 Sep-2024 $5.3 $6.6 $13.2 
3.2.4          Balance of Plant Dec-2022 Sep-2024 $3.5 $4.4 $8.8 
4.0    Phase III : Receive Canistered & Uncanistered UNF  May-2031 Sep-2034 $176.1 $220.1 $440.3 
4.1    CSF Site Procurement & Construction (Add’l for Phase III) May-2031 Sep-2034 $176.1 $220.1 $440.3 

4.1.1          Pool Repackaging / Waste Handling Facility May-2031 Sep-2034 $176.1 $220.1 $440.3 
4.2    CSF Site #2 Procurement & Constr (Add’l for Phase III) May-2031 Sep-2034 $0.0 $0.0 $0.0 

4.2.1          Pool Repackaging / Waste Handling Facility May-2031 Sep-2034 $0.0 $0.0 $0.0 
5.0    Phase IV : UNF System Operations [thru 2105] Oct-2024 Sep-2105 $3,669.2 $4,520.4 $8,512.5 
5.1       UNF System Operations CD-4 (Start of Operations) Oct-2023 Sep-2024 $0.0 $0.0 $0.0 
5.2       Cask Procurements - Remainder During Operations  Oct-2022 Sep-2102 $692.4 $814.6 $1,221.9 
5.3       Rail Car Procurements – Remainder During Operations Oct-2024 Sep-2033 $205.7 $242.0 $362.9 
5.4       Transportation Services / Operations Oct-2024 Sep-2105 $539.6 $674.6 $1,349.1 
5.5       CSF Facility Operations [CSFs 1&2] Oct-2024 Sep-2105 $718.1 $897.7 $1,795.3 
5.6       State & Tribal Emergency Assistance (180(c ))  Oct-2024 Sep-2101 $297.8 $372.2 $744.4 

5.7       CSF Facility Export to Fence Line Operations [CSFs 1&2] Oct-2034 Sep-2105 $1,215.6 $1,519.5 $3,038.9 

6.0    Phase V : CSF Deactivation & Decomm  [CSFs 1&2] 
Oct-2106 Sep-2112 $323.1 $380.1 $570.2 

6.1       CSF Deactivation & Decommissioning 
            TOTAL CSF Life Cycle Oct-2013 Sep-2112 $4,934.8 $6,074.9 $11,400.3 

Notes (1) Schedule start date in table is one year later than shown on Gantt chart due to built-in lag to 2014 start. 
 (2) Phase IV start date is later than WBS 5.1 and 5.2 start dates to provide consistency with actual Start of Operations. 



Page 172 

7.  FRONT END REGULATORY AND LICENSING REQUIREMENTS 
 
This section addresses front end authorizations needed to design and construct a CSF.  The front 
end capability development flow process is shown in Figure 4-7. 
 
Requirements for permitting hazardous or nuclear facilities are clearly identified in applicable 
local, state and federal law.  These were used to compile all the requirements for siting, 
construction, and operation of CSF(s) from a county, state and federal perspective, including but 
not limited to the following: 
 

• National Environmental Policy Act (NEPA) analysis 
• NRC licensing 
• State and United States Environmental Protection Agency (EPA) regulatory and 

permit requirements, which may include air quality, groundwater and surface water 
discharges, hazardous and/or solid waste management 

• United States DOT and state Transportation Commission requirements for the 
transportation of radioactive materials 

• County zoning and building permit requirements. 
 
This front end authorization description focuses on NRC licensing requirements for 
transportation and storage of UNF, as noted in the SOW.  State and local permitting 
requirements are well documented in prior studies. 
 
In broad terms, before the NRC would grant a license for the CSF, it must make certain 
favorable findings as required by the Atomic Energy Act.  These findings pertain to 
demonstrating: 1) adequate protection of the public health and safety; 2) adequate protection of 
the environment; and 3) a security and safeguards design that provides for the protection of the 
common defense and security.  In order to make these broad findings, the NRC staff will review 
and question the CSF license application in great detail.  For all practical purposes, the NRC 
review would constitute an independent review of nearly all aspects of the CSF design.  The 
NRC can also be expected to review and inspect the following types of activities.  This list is 
meant to be illustrative but not exhaustive: 
 

• Fabrication of key components either at the CSF site or at vendor facilities 
• Construction of the CSF 
• Pre-operational testing of systems and components 
• Staff training, dry runs, and emergency drills 
• CSF operations, maintenance, and processing of design changes 
• Radiological protection activities and the environmental monitoring program 
• Security system and personnel performance 
• Industrial safety practices and control of hazardous materials 

 
An important aspect of licensing and certification strategy for the CSF and its transportation and 
storage packages is the concept of pre-planned flexibility.  During the life cycle of any CSF, 
from its preliminary conceptual design through design, licensing, construction, operation and 
decommissioning, one should expect that the applicable regulatory framework may change.  The 
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text in Section 7.1 describes the present regulatory environment.  Certain aspects of this 
discussion may change in the future.  Any such changes may arise from a variety of sources.  
One likely source is the International Atomic Energy Agency (IAEA), which revises its nuclear 
transportation safety standards approximately every five years.  In nearly all instances of an 
IAEA revision, the DOT and NRC respond by initiating conforming rule makings to harmonize 
the US transportation regulations with the IAEA standards. 

NRC licensing of the CSF under 10 CFR 72 requires that the NRC place a notice of the 
application in the Federal Register.  This notice would include an announcement of the 
opportunity for organizations and members of the public to request a hearing.  To participate as 
an admitted party to such a hearing or licensing proceeding, the individual or organization must 
file a timely Petition for Leave to Intervene.  This Petition must describe how the prospective 
party should be granted standing and at least one contention that would be litigated in the 
proceeding.  The Atomic Safety and Licensing Board (ASLB) would review the Petitions and 
rule on matters of standing and the admissibility of contentions.  If a hearing were to be held, it 
would be a full Administrative Law Proceeding on the record before the ASLB, which would be 
a three-judge panel.  The hearing would include all the aspects of a trial, including full discovery, 
filing of testimony and exhibits, oral testimony of witnesses, direct and cross examination of 
witness, filing of motions, and eventually, an ASLB Decision about whether to grant or deny the 
CSF license application.  Decisions by the ASLB can be appealed to the Commission and to the 
Federal Court System.13 
 
7.1  TRANSPORTATION OF SPENT NUCLEAR FUEL  
 
The agency responsible for nearly all aspects of the safe transport of hazardous materials, 
including radioactive materials (RM), is the DOT. Through a Memorandum of Understanding 
(MOU)14, DOT has transferred certain of these regulatory responsibilities to the NRC.  
Title 10, Code of Federal Regulations, Part 71, “Packaging and Transportation of Radioactive 
Material” (10 CFR 71) contains NRC's regulations for certification and approval of packages 
used to transport highly radioactive material (HRM) such as SNF, and fissile materials such as 
fresh reactor fuel.   
 
DOT regulates the safety of routes such as highways and railways and carriers of RM.  DOT 
often delegates aspects of route safety to the states, (i.e., highway and bridge inspections).  Due 
to DOT preemptory authority, states may inspect the carrier, package and conveyance, but may 
not detain a shipment for arbitrary reasons.  In consultation with state, tribal, and local law 
enforcement authorities, NRC regulates the security of SNF shipments along the selected 
transportation  routes.  To allow compatible shipments of RM across international borders, both 
NRC and DOT regulations stem from International Atomic Energy Agency (IAEA) 
regulations.15  Since NRC and DOT regulations are largely compatible with IAEA regulations, 

13   See especially,10 CFR 2, Agency Rules of Practice and Procedure. 
14     See 44 FR 38690. 
15 IAEA Safety Requirements TS-R-1, Regulations for the Safe Transport of Radioactive Material, 2009  
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NRC and DOT normally engage in conforming rule makings consistent with the IAEA 5-year 
revision cycle. 
 
7.1.1  Regulatory Framework 
 
10 CFR 71 is a highly deterministic regulation with specified requirements for package 
performance in both normal and accident conditions.  Starting in the 1980s, the NRC staff began 
a series of transportation risk assessments, which examined the potential consequences of 
transportation accidents beyond the already strict requirements in 10 CFR 71.  The first of these 
assessments is commonly called "The Modal Study,"16 since the study considers multiple modes 
of transport, such as highway or rail.  The Modal Study and subsequent risk assessments17 
showed that 10 CFR 71 packaging requirements provided ample confinement of the RM contents 
and a very high level of public protection. 
 
Nearly all shipments in the U.S. are shipped under one of the general license provisions of 
10 CFR 71, Subpart C.  For example, any NRC licensee may ship RM to any authorized 
recipient, providing the shipper properly loads the contents into a certified package.  The shipper 
must also follow all the conditions of use specified in the package certificate, including loading 
the package with only approved contents.  For nearly all its RM shipments, the DOE can self-
certify its packages.  However, the Nuclear Waste Policy Act (NWPA) requires that DOE use 
NRC-certified packages to ship SNF and HLW to the repository.18  In its discretion, the 
Congress could either explicitly require NRC certification of SNF transportation packages that 
are used to ship SNF to and from the CSF, or the Congress could remain silent and leave the 
matter to DOE's discretion. 
 
NRC regulation of transportation does not usually entail the customary review, approval, and 
issuance of specific licenses for transportation.  The "licensing" has already been completed in 
the rule making, which promulgated 10 CFR 71, Subpart C, which in turn established several 
general licenses authorizing the transport of RM.  Subpart C requires, among other things, that 
general licensees use certified packages.  Although the technical aspects of NRC review and 
approval process for package certification are similar to those used in a licensing review, the 
certification process does not include rights to participate in an adjudicatory proceeding on 
whether or not the certificate should be issued.  Members of the public may, however, review 
documents that are a part of the certification process and attend public meetings between the 
NRC and an applicant for a certificate. 
 
 

16 These two documents constitute "The Modal Study:" L. E. Fischer, et al., "Shipping Container Response to Severe Highway 
and Railway Accident Conditions," NUREG/CR-4829, Lawrence Livermore National Laboratory, February 1987 and W. R. 
Lahs, "Transporting Spent Fuel, Protection Provided Against Severe Highway and Railroad Accidents, NUREG/BR-01 11, US 
NRC, March 1987. 
 
17 See for instance, J. D. Sprung, et al.," Spent Nuclear Fuel Transportation Package Performance Study Issues Report," 
NUREG/CR-6768, US NRC, January 2001. 

18 See NWPA, Sections 137(a) and 180. 
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7.1.2  NRC Review of Applications for Package Certification 
 
Prior to certification of a package design, the NRC staff reviews an application that describes the 
package's detailed design features to ensure that the package can maintain adequate containment 
of the RM contents under specified normal and accident conditions.19  Considerations include 
package radiation exposure limits, adequacy of package lifting equipment and attachments to the 
conveyance, adequacy of the designer's quality assurance (QA) program, external atmospheric 
temperature and pressure extremes, drops and vibration, and compression and penetration loads.  
For the hypothetical accident, the package must be able to maintain RM containment and 
subcriticality under a severe accident sequence:  a 30-ft. drop and tip-over at the most limiting 
drop angles, severe crush and puncture, total immersion in a severe fire, and immersion in 50-ft. 
of water.  Package performance under the hypothetical accident conditions can be demonstrated 
by test, analyses, or combinations thereof.  Over a thousand SNF shipments have been made in 
the US without any semblance of package failure. 
 
10 CFR 71, Subpart G includes provisions for detailed inspection and leak testing of packages 
prior to shipment.  The shipper must also measure the external temperature and radiation levels 
of the package and place required placarding on the package and conveyance.  A detailed set of 
records must accompany each shipment.  10 CFR 71.97 requires the shipper to provide advanced 
notification to each state through which the SNF shipment would pass.  The majority of 
shipments of SNF would be by rail.  DOE's plans for shipment of SNF and HLW to a repository 
could include the use of satellite tracking and dedicated trains, which would be unencumbered by 
other freight in the rail transport system. 
 
7.1.3  Environmental Reviews 
 
The NRC has issued a Final Environmental Impact Statement (EIS) that has assessed the 
environmental impacts of the transportation of RM in the United States.20  NUREG-0170, Final 
Environmental Statement on the Transportation of Radioactive Material by Air and Other 
Modes, constitutes the environmental review associated with the promulgation of 10 CFR 71.  A 
CSF would involve a large number of RM shipments to and from a single location from sites 
throughout the US and would be expected to receive a substantive environmental review.  As 
was the case in the NWPA, the authorizing legislation for a CSF could include statutory 
language that specified the nature of the environmental review and the responsibilities of the 
DOE and NRC.  As mentioned above, there is no adjudicatory proceeding associated with the 
NRC certification of transportation package designs.  However, it is possible for an interested 
party to raise a contention on the environmental aspects of transportation associated with a CSF 
application.  Such a contention would need to be raised by an entity that has demonstrated 
standing in order to be admitted as a party to an adjudicatory proceeding that is considering the 
merits of the application.  In addition, the proposed contention must meet the standards for 

19 See 10 CFR 71.71 and 10 CFR 71.73. 

20  available on the NRC ADAMS document control system, accession numbers ML022590265 and ML022590348. 
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admissibility in 10 CFR 2.309, “Hearing requests, petitions to intervene, requirements for 
standing, and contentions”, section (f).21 
 
7.1.4  Other Types of Radioactive Material Shipments 
 
Operation of the CSF will result in the generation of different types of radioactive waste.  This 
waste generation would be more extensive if the CSF has a repackaging capability for the SNF.  
These wastes will be in a variety of forms and radioactive content.  Most of this waste should be 
able to be packaged and shipped in packages that do not require the severe accident design 
capabilities of a SNF package.  Most such packages would be designated Type "A" or low 
specific activity (LSA).  These types of packages do not normally require prior NRC review and 
approval; however, these packages must still conform to the pertinent requirements of 
10 CFR 71 and to DOT regulations.22  
 
7.1.5  Regulatory Guidance 
 
The NRC has issued several types of regulatory guidance that pertain to transportation 
regulation.  Use of this guidance by licensees and applicants is not mandatory, but its use can 
generally contribute to a more efficient review process.  Alternative approaches may be proposed 
but would normally entail more effort by NRC reviewers and a likely schedule penalty for the 
review.   
 
Example of such published guidance include: 
 

• Division 7 Regulatory Guides:  an index of these guides is available at: 
http://www.nrc.gov/reading-rm/doc-collections/reg-guides/transportation/rg/division-
7/division-7-1.html 

• Standard Review Plans: Standard Review Plan for Transportation Packages for Spent 
Nuclear Fuel (NUREG-1617) and Standard Review Plan for Transportation Packages for 
Radioactive Material (NUREG-1609) 

• A safety and quality classification guide for package components:  Classification of 
Transportation Packaging and Dry Spent Fuel Storage System Components According to 
Importance to Safety ( NUREG/CR-6407) 

• Interim Staff Guidance documents (ISGs):  The ISGs often apply to either SNF storage or 
transportation, or both.  An index of these guides is available at: 
http://www.nrc.gov/reading-rm/doc-collections/isg/spent-fuel.html 

 
The guidance documents listed above often include additional technical reference documents, 
which further describe detailed aspects of the topic.  The list of guidance documents above is 
meant to be illustrative but not exhaustive. 
 

21 See, in general 10 CFR 2.309, Hearing requests, petitions to intervene, requirements for standing, and contentions., for the 
NRC Rules of Practice that pertain to requests for hearings (adjudicatory proceedings), standing, and contentions. 
22   See in particular 49 CFR 171 through 177. 
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7.2  STORAGE OF SPENT NUCLEAR FUEL   
 
NRC licensing requirements for the independent storage of spent nuclear fuel, high-level 
radioactive waste and reactor-related GTCC waste is provided in 10 CFR Part 72, “Licensing 
Requirements for the Independent Storage of Spent Nuclear Fuel, High-Level Radioactive 
Waste, and Reactor-Related Greater Than Class C Waste”, (10 CFR 72).  Since its initial 
issuance, 10 CFR 72 has been amended several times and it now provides considerable 
flexibility for regulating a variety of spent fuel storage options.  10 CFR 72 can be used to 
regulate: 
 

• Dry spent fuel storage both on and off a reactor site through either a general license or a 
specific license 

• Either pool or dry storage at reactor sites or at sites remote from reactors 
• A centralized interim storage facility for spent fuel.  Such a facility could incorporate any 

combination of wet or dry storage. 
 
10 CFR 72 can also be used to regulate the storage of GTCC waste that has been generated 
during reactor operations.  GTCC waste is waste that is not generally acceptable for near-surface 
disposal and is waste for which form and disposal methods must be in general more stringent, 
than those specified for Class C waste.  In the absence of specific requirements, such waste must 
be disposed of in a geologic repository.23  GTCC waste that is expected to be received at the CSF 
would usually consist of highly activated reactor vessel internal components. 
 
An important aspect of licensing and certification strategy for the CSF is the concept of pre-
planned flexibility.  During the life cycle of any CSF, from its preliminary conceptual design 
through design, licensing, construction, operation and decommissioning, one should expect that 
the applicable regulatory framework would change.  The text in Section 7.2 describes the present 
regulatory environment.  This environment is unlikely to remain static in the case of UNF 
storage licensing. 
 
One important part of this consideration involves an Order issued to the NRC by the DC Circuit 
of the U.S. Court of Appeals.  This Order remands a recent generic environmental finding on 
Waste Confidence24 and directs the NRC to develop a basis for the NRC's environmental finding 
on Waste Confidence.25  Partly in response to the Court's Order, the NRC has begun the 
preparation of a Generic Environmental Impact Statement (GEIS) to examine the environmental 
impacts of the storage of UNF for periods of up to 300 years.  The results of this GEIS will likely 

23   See 10 CFR 61.55. 
   For further information on Waste Confidence, see the NRC's webpage at: http://www.nrc.gov/waste/spent-fuel-

storage/wcd.html 

   The 2010 NRC Waste Confidence Finding, which the Court rejected, can be found at 75 FR 81032 through 
81076, December 23, 2010. 
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affect the regulatory framework for the CSF in the same way that it would for the reactor sites, if 
the UNF was to remain there.26 
 
Other ongoing issues that could affect CSF regulation could stem from NRC's post-Fukushima 
actions with regards to flooding and continuity of electric power. 
 
7.2.1  Regulatory Framework 
 
10 CFR 72 is a largely deterministic regulation.  Its requirements provide a framework for 
ensuring safe storage of the spent fuel and a negligible environmental impact due to such storage.  
Although a risk analysis of a pool storage system might provide some insight, the passive design 
of a dry storage system makes it less likely to benefit from a risk-based analysis. 
 
The 10 CFR 72 licensing process includes the following considerations:  1) protection of the 
licensee's workers and the public from radiation exposures; 2) ability to withstand the effects of 
earthquakes, tornadoes and other severe natural phenomena; 3) protection of the spent fuel 
storage system from severe fires and cask drop accidents; 4) prevention of nuclear criticality 
accidents; 5) containment of the spent fuel under both normal and accident conditions; 
6) removal of decay heat from the spent fuel; 7) plans for emergency response; 8) security 
protection from attempts at radiological sabotage; 9) development of an Environmental 
Assessment or an EIS, as required; 10) a QA program; 11) control and accounting of the special 
nuclear material contained within the spent fuel.  The NRC staff will typically perform 
independent calculations, verify assumptions, and check the use of applicable codes and 
standards in a process that allows the NRC staff to make a finding of technical adequacy.  The 
staff will describe the results of its review in a Safety Evaluation Report (SER). In the case of 
Yucca Mountain, legislation allowed NRC to rely on the DOE EIS for its environmental 
evaluation, if NRC found the EIS adequate.  Similar provisions within any new legislation 
granting authorities to develop a CFS will likely be considered. 
 
Many licensing actions involving dry cask storage systems at reactor sites include the 
consideration of the transportability of the dry storage casks.  This effort results in the NRC 
approval of a spent fuel storage system that is suitable for both storage and transportation and is 
normally called a dual-purpose system.  The relevant certification of the transportation function 
of these dual-purpose system is discussed in the report section on 10 CFR 71, which is the NRC 
regulation pertaining to the safety of packages that are used to transport of spent fuel.  Most SNF 
that would be received at the CSF would be expected to be packaged in a dual-purpose system. 
 
7.2.2  Adjudicatory Proceedings Prior to License Issuance 
 
The Atomic Energy Act and other pertinent laws affecting the NRC do not require a mandatory 
adjudicatory proceeding (also commonly called a hearing) for the issuance of a license under 
10 CFR 72.  The NRC would offer the public an opportunity for a hearing in a Federal Register 
Notice that announces the receipt of the license application.  Whether or not a licensing hearing 

  For further information on the GEIS, see: https://www.federalregister.gov/articles/2012/10/25/2012-
26295/consideration-of-environmental-impacts-of-temporary-storage-of-spent-fuel-after-cessation-of-reactor
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would be held would depend on an interested party demonstrating standing and having at least 
one contention admitted into such a licensing proceeding.  With the exception of matters 
involving Safeguards Information (SGI) or those issues involving classified or proprietary 
information, NRC interactions and hearings with either licensees or applicants are open to public 
participation in the form of open meetings and the availability of documents that are associated 
with licensing.  Documents from applicants, licensees, and the NRC are available for public 
access. 
 
NRC and applicant documents and correspondence associated with the application are made 
available to the public through the NRC's Agency wide Documents Access and Management 
System (ADAMS).  The NRC staff may hold meetings with an applicant that are outside the 
scope of the hearing.  These meetings are open to public attendance and observation, unless the 
meetings involve classified or proprietary information. 
 
Most NRC hearings involving issues such as would be related to a CSF application would be 
formal "hearings on the record" before a three-judge panel of qualified Administrative Law 
Judges.  Such a proceeding would involve full discovery, an evidentiary portion where the 
parties' witnesses provide written and oral testimony and may be cross-examined by the 
attorneys for other parties.  The NRC hearing process is a complex administrative law 
proceeding that has all the procedural aspects of a trial:  production of documents, taking 
depositions, filing of exhibits, motions and appeals, filing of briefs, and presentation of findings 
of fact and conclusions of law.  At the conclusion of the proceeding and based on the record, the 
panel will issue a formal written decision that would direct the NRC staff to either issue, modify, 
or deny the license.  The panel's decision can be appealed by a party to the full Commission and 
further to the federal court system. 
 
 
7.2.3  Regulatory Guidance 
 
The NRC has issued several types of regulatory guidance that pertain to SNF storage regulation.  
Use of this guidance by licensees and applicants is not mandatory, but its use can generally 
contribute to a more efficient application review process.  Alternative approaches may be 
proposed but would normally entail more effort by NRC reviewers and a likely schedule penalty 
for completion of the review. 
 
Example of such published guidance include: 
 

• Certain Division 3 Regulatory Guides that apply to SNF storage:  An index of these 
guides is available at: http://www.nrc.gov/reading-rm/doc-collections/reg-guides/fuels-
materials/rg/ 

• Standard Review Plan for Spent Fuel Dry Storage Facilities, (NUREG- 1567) 
• A safety and quality classification guide for package components:  Classification of 

Transportation Packaging and Dry Spent Fuel Storage System Components According to 
Importance to Safety ( NUREG/CR-6407) 
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• Interim Staff Guidance documents (ISGs):  The ISGs apply to either SNF storage or 
transportation, or both.  An index of these guides is available at: 
http://www.nrc.gov/reading-rm/doc-collections/isg/spent-fuel.html 

 
The guidance documents listed above often include additional technical reference documents, 
which further describe detailed aspects of the topic.  The list of guidance documents above is 
meant to be illustrative but not exhaustive. 
 
7.2.4  10 CFR 72 License Renewals 
 
10 CFR 72 licenses are issued for terms of up to 40 years.  These licensees may be renewed for 
additional terms, providing that a renewal application has been filed prior to the expiration of the 
license.  Any renewal application would need to provide a detailed technical basis as to why the 
spent fuel can continue to be safely and securely stored for the additional term and also provide 
an Aging Management Plan (AMP).  The renewal application would also include time-limited 
aging analyses (TLAAs) that demonstrate that structures, systems, and components important to 
safety would continue to perform their intended function for the requested period of extended 
operation. 
 
From a procedural standpoint, NRC regulations do not restrict the number of license renewal 
terms that may be considered.  However, a technical basis may not exist for a large number of 
consecutive license terms.  For instance, the dry cask storage system design and safety bases 
developed initially have been for 20 years.  A few of these systems have had their licenses or 
certificates extended for an additional 20 years.  Although analyses and research to develop the 
needed safety basis for very long-term interim spent fuel storage have begun, the availability of 
such a safety basis is most likely years away.  For this reason, one should not assume that the 
present spent fuel storage options, whether at reactor sites or at a centralized interim storage 
facility would necessarily be shown to be adequate for such long storage terms.27  
 
7.2.5  Long Term Storage 
 
The NRC has begun an effort to update the Waste Confidence Rule, which is codified in 
10 CFR 51.23.  Prior to the Administration's decision to terminate the Yucca Mountain Project 
(YMP), this rule relied on DOE's progress on the YMP.  In response to the Administration's 
intentions to abandon the YMP, the NRC Commissioners have directed the NRC staff to develop 
a rationale for extending the Waste Confidence Rule without the availability.28  Subsequently, 
the DC Circuit of the US Court of Appeals directed the NRC to revise the Waste Confidence 
Rule in the absence of a repository program.  This new rulemaking effort would account for 

27   For an appreciation of the effort needed to establish a long-term safety basis for spent fuel storage, see Nuclear Waste 
Technical Review Board (NWTRB) report, Evaluation of the Technical Basis for Extended Dry Storage and Transportation of 
Used Nuclear Fuel, December 2010. 
 
28    See also Commission Staff Requirements Memo (SRM) in response to staff recommendation SECY-09-0090 - Final Update 
of the Commission's Waste Confidence Decision, September 15, 2010. http://www.nrc.gov/reading-rm/doc-
collections/commission/srm/meet/2010/m20100915.pdf 
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storage at onsite storage facilities and any offsite storage facilities and, to the extent possible, 
would address impacts of storage to a time period of two or three hundred years or more.  It is 
likely that an application for a CSF would need to provide a compelling technical basis in its 
AMP and TLAAs in anticipation of the need to store the SNF for several hundred years rather 
than just a few decades. 
 
To support the court-ordered Waste Confidence rule making, the NRC staff has begun 
preparation of an EIS.  The staff has indicated that they intend to complete this EIS within two 
years, a very ambitious schedule for preparing and issuing a Final EIS of this scope and 
uncertainty.29 This EIS should be followed closely to identify potential impacts on CSF 
planning. 
 
7.2.6  Other Applicable NRC Regulations 
 
In addition to 10 CFR 72, there are several other regulations that would apply to a CSF licensing 
action.  The list below contains the CFR regulations and titles that apply to licensing a CSF. 
 

• 10 CFR 2, “Rules of Practice for Domestic Licensing Proceedings and Issuance of Orders” 
• 10 CFR 9, “Public Records” 
• 10 CFR 10, “Criteria and Procedures for Determining Eligibility for Access to Restricted 

Data or National Security Information or an Employment Clearance” 
• 10 CFR 11, “Criteria and Procedures for Determining Eligibility for Access to or Control 

Over Special Nuclear Material” 
• 10 CFR 19, “Notices, Instructions and Reports to Workers: Inspection and Investigations” 
• 10 CFR 20, “Standards for Protection Against Radiation” 
• 10 CFR 21, “Reporting of Defects and Noncompliance” 
• 10 CFR 26, “Fitness for Duty Programs” 
• 10 CFR 51, “Environmental Protection Regulations for Domestic Licensing and Related 

Regulatory Functions” 
• 10 CFR 73, “Physical Protection of Plants and Materials” 
• 10 CFR 74, “Material Control and Accounting of Special Nuclear Material” 
• 10 CFR 170, “Fees for Facilities, Materials, Import and Export Licenses, and Other 

Regulatory Services under the Atomic Energy Act of 1954, as amended” 
• 10 CFR 171, “Annual Fees for Reactor Licenses and Fuel Cycle Licenses and Materials 

Licenses, Including Holders of Certificates of Compliance, Registrations, and Quality 
Assurance Program Approvals and Government Agencies Licensed by the NRC” 

 
 
 
 

29   The Commission's direction to the NRC staff to prepare a generic EIS on extended SNF storage and to answer the direction 
from the DC Circuit is contained in Staff Requirements Memorandum (SRM) – COMSECY-12-0016 – Approach for Addressing 
Policy Issues Resulting from Court Decision to Vacate Waste Confidence Decision and Rule, September 6, 2012, available at: 
http://www.nrc.gov/reading-rm/doc-collections/commission/comm-secy/2012/ 
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8. RESEARCH AND DEVELOPMENT OPPORTUNITIES 
 
8.1  STANDARDIZED TRANSPORTATION CASKS   
 
Section 4.3.5 highlights the challenges driven by the need for multiple transportation cask 
designs.  The diversity of canister designs making up the dry storage market creates some 
logistical and cost challenges for long term transportation operations.  The TSM analysis (see 
section 5) indicates the transportation cask inventory will include impact limiters, skids and other 
ancillary equipment for 13 cask designs and at least 30 casks in storage representing 7 different 
cask designs.  That represents $145 million in just hardware.  When the cost of maintaining and 
storing this inventory is added, it represents a significant expense for the program. 
 
One recommended R&D project would be to incentivize development of one cask design per 
vendor that could handle all of the canisters that vendor has licensed and sold.  With the 
innovative use of spacers, sleeves and other adjustments, that could significantly reduce the 
inventory requirements as well as the size and complexity of the cask maintenance facility.  
Technically, it is possible to have a single transportation cask that could transport all of the 
canisters currently in storage, but there is no incentive for individual vendors to share the 
proprietary information needed to license a transport cask with universal content allowances.  
There is some possibility that innovative contracting approaches could partially close that 
intellectual property gap, but it would be an uphill battle.  Internally, each cask vendor has much 
more flexibility to adapt designs that would accommodate their full range of canister designs.   
 
The use of fewer, large cask designs that could accommodate all canister sizes would increase 
actual shipping costs.  Using a large and heavy transport overpack to ship a small canister would 
increase the number of tons involved in each shipment and rail shipping rates are based on ton 
miles shipped.  Part of the R&D effort could be a full cost analysis of the transportation system 
to identify an optimal approach from the cost perspective.   
 
8.2  STANDARD UNF CANISTER DEVELOPMENT 
 
Developing a standardized canister that can be used for transportation, aging and disposal has 
become more complicated since there is no longer a repository licensing design basis to start 
from.  Dismantlement of the Yucca Mountain project also eliminated clear definition of design 
requirements for a universal canister.  The approach to developing a standard canister is now 
limited to designs that could function in any repository geology under any licensing approach.  
That is severely limiting. 
 
Each of the critical attributes (heat load, criticality prevention, size, material properties) affecting 
canister and disposal package design have known ranges based on the possible disposal 
geologies.  Knowing those value ranges and working within the engineered and natural system 
protections that different repository designs offer does create a small window of opportunity for 
innovative designs.   
 
Interestingly, the delay in developing a repository may create options for developing 
standardized canisters that were not viable if Yucca Mountain had been licensed.  All of the 
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Yucca Mountain operating schedules involved shipment of spent fuel directly to the repository 
from the utility sites.  Standardized canister approaches under that construct required packaging 
by utilities.  That eliminated many options due to potentially negative impacts on utility 
operations.  With an operating CSF, transitioning to a standard canister design can be done away 
from the utility sites and that creates more opportunities for innovative solutions.   
 
8.3  UNF ROD CONSOLIDATION 
 
One option that is viable as a CSF operation that was not workable at utility sites is rod 
consolidation.  This is a mechanical operation that separates the individual spent fuel rods from 
the structure of the assembly and bundles them together in a much tighter space.  The robotic 
hardware for doing this work has advanced dramatically since the concept was first explored in 
the 1980s.  Rods are routinely removed from irradiated assemblies for R&D, and for 
reconstituting assemblies when problems are identified with individual fuel rods.  The 
development of advanced systems for rod exchanges also supports large scale rod consolidation.  
The potential benefits of rod consolidation include: 
 

• Smaller packages with much higher storage densities (up to 9 PWR assemblies 
in the space of one DOE 24” diameter standard HLW canister).  Using a DOE 
standard HLW canister for consolidated rods would allow one set of handling 
equipment to serve both SNF & HLW emplacement needs;   

• Better heat transfer through conduction rather than convection cooling;  

• Reduced criticality concerns since the remaining void space in the canister is 
not sufficient for effective water moderation; 

• The smaller size allows multiple canisters to travel in a single rail overpack.  

• Heat loads in disposal drifts can be managed by adjusting the number of SNF 
canisters with HLW canisters in a disposal package.  

• Long term degradation in the mechanical properties of cladding in high burnup 
fuels may not matter if the rods are placed in a tight array.  The array would 
maintain the fuel geometry by elimination of void space.   

• Dry storage or aging of several consolidated rod canisters can be accommodated 
in a single large dry storage cask.  This provides the same (or slightly greater) 
storage density as current high capacity dry storage canister designs for intact 
spent fuel assemblies.  

 
An R&D project that demonstrates the reliability and potential operating throughput of a rod 
consolidation system using dummy assemblies would be a valuable start to this project.  Once 
complete, the loading of several standard HLW canisters with consolidated rods from high burn-
up irradiated assemblies as part of the long term fuel storage R&D project would allow 
collection of valuable data.  Challenges with the processing of individual assemblies that have 
deformed rods could easily be resolved by placing all assemblies in a damaged fuel can (DFC) 
at the start of the process.  If the assembly could not be completely processed by the rod 
consolidation machine, the lid would be placed on the damaged fuel can and the remaining 
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assembly would be dispositioned in that configuration. There are already a large number of 
DFC’s in dry storage at shutdown reactor sites, so this is a known subset of the waste form that 
already has to be addressed.  
 

9. CONCLUSIONS 
 
In conclusion, the EnergySolutions team was tasked with providing DOE with industry 
experience and input on viable concepts for the consolidation and storage of commercial UNF.  
As can be seen in this report, there is not a “one size fits all” solution to addressing the 
consolidation and storage of commercial used nuclear fuel.  However, by addressing the problem 
through the practical and cost-effective steps and staged approach documented in this report, it is 
believed that a solution can be implemented.   
 
A design concept for the consolidation of commercial UNF has been presented in this report, 
which represents the collective work of a team comprising EnergySolutions, NAC International, 
Talisman International, Booz Allen Hamilton, TerranearPMC, Exelon Nuclear Partners and 
Sargent & Lundy and is intended to address the requirements of the SOW.  The following are the 
key results of the work completed. 
 

• A sample optimized transportation queue has been presented in detail (See Section 4.3) 
for de-inventorying shutdown sites, which was conceived with the priority of reducing 
the capital investment in transport costs.  It minimizes the number of transportation casks 
and ancillary equipment that have to be purchased, and minimizes the number of people 
that have to be trained and qualified for loading and unloading operations each year.  It 
also recommends campaigning all the fuel from each shutdown site before moving on to 
the next location.  This allows key equipment and the trained staff to move from site to 
site.  

- Based on the CSF coming on-line in 2022 for UNF in TSCs and in 2025 for UNF 
that requires to be transferred at the CSF from transport casks into dry storage 
casks, the queue presented will clear the shutdown sites (including GTCC) by 
2028 and result in the consolidation of 3,600 MT of UNF at the CSF. 

- There is a tradeoff with this approach in that an additional transport corridor must 
be opened from the southeast to access the Hatch site.  This is one example of the 
types of decisions that will have to be made on which attribute(s) of the 
transportation system need to be optimized.  For example, a queue focused on 
consolidating the most UNF MT/year will have different results than a queue 
focused on one with the lowest capital costs for equipment. 

 
• Standardized canister retrieval methods have been identified (see Section 4.1) for each of 

the commercial shutdown sites, which comprise of TSC transfer for Humboldt Bay, 
Horizontal Transfer for Rancho Seco and Big Rock Point, and Stationary Shielded 
Transfer for Trojan, Haddam Neck, Yankee Rowe, Zion, Maine Yankee, Big Rock Point 
and La Crosse.  In addition, a review of the site access requirements for each of the 
shutdown sites was performed (see Section 4.3). 
 



Page 185 

• A design concept has been developed for the CSF, which involves ramping up the facility 
and operations over three distinct stages: 

- Stage 1 – Receipt of TSCs only.  This provides early capability to start 
consolidating UNF as only a limited amount of infrastructure is needed for receipt 
and transfer of TSCs to a storage pad.  During this phase, TSCs would be received 
from the Humboldt Bay shut down site and operating sites that use TSCs.  

- Stage 2 – Addition of canister transfer capability.  This provides the facilities and 
infrastructure needed to transfer DPCs from transportation casks into dry storage 
casks.  Priority would be given to stranded DPCs from the remaining shut down 
sites, followed by DPCs from operating sites. 

- Stage 3 – Addition of UNF pool repackaging capability.  This provides the 
facilities and infrastructure needed to receive bare UNF from reactor sites and to 
repackage UNF assemblies into disposal canisters that are suitable for final 
geologic disposal.   The degree of repackaging capability needed could vary 
(e.g., bare fuel casks only vs. DPCs and bare fuel casks) and will depend on future 
decisions about how to integrate final disposal canisters into the total waste 
management system.  However, the concept proposed describes the capabilities 
needed for repackaging UNF from both bare fuel casks and DPCs. 
 

It should be noted that the completion of Stages 1 and 2 in parallel, coupled with a 
storage capacity of 2,800 MT, which will accommodate UNF stored at the shutdown 
reactor sites, represents the pilot interim storage facility described in the January 2013 
DOE report, titled “Strategy for the Management and Disposal of Used Nuclear Fuel and 
High-Level Radioactive Waste”.  Expanding the storage capacity to 30,000 to 40,000 MT 
and implementing Stage 3, which increases the receipt rate to 3,000 MT/yr, represents the 
larger consolidated interim storage facility described in the same report. 

 
• Key aspects of the base case CSF design concept are: 

- Designed to accommodate an annual UNF throughput of 3,000 MT UNF. 

- Utilizes industry proven pool technology for the packaging of bare fuel and 
repackaging of canistered UNF. 

- Storage pad design can accommodate over 3,400 storage casks (~40,000 MT 
based on 12 MT per cask). 

- Self-contained 123 acre site, which includes storage cask fabrication, 
transportation cask maintenance and secondary waste handling. 

- Three stage construction, which is intended to expeditiously remove the UNF 
from the shutdown sites and allow the consolidation of canistered UNF to begin 
in advance of bare fuel packaging and canister repackaging. 

- CSF will operate as a “gateway” to the repository, i.e., all UNF shipped to the 
repository goes through the CSF.  

- All DPCs being repackaged for shipment to the repository will have their contents 
loaded into disposable canisters with a capacity of 21 PWR or 44 BWR 
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assemblies.  This is an assumption which is made for convenience (currently 
programmed into the TSM), due to the uncertainty in future repository design and 
waste package requirements.  Repackaging into different capacity disposal 
canisters will be analyzed as part of Task Order 12. 
 

• A logistical analysis of the identified options from the base case (see Section 5.0) for the 
consolidation and storage of commercial UNF was performed using the TSM which, 
based on a comprehensive set of assumptions including CSF acceptance rates, and start-
up dates for the CSF and the geologic repository, analyzed seven operational scenarios.  
It is important to note that the acceptance schemes presented in the TSM section of this 
paper represent examples of schemes that can be developed and that, as described above 
for the shutdown sites, other schemes can be devised depending on how the acceptance 
and transportation plan is optimized.  Key results from the logistical analysis are: 

- All five of the scenarios which have a 3,000 MT/yr nominal shipment rate, 
demonstrate similarly shaped throughput profiles: a rapid build-up of storage at 
the CSF, followed by a gradual drawdown once shipment begins to the repository 
until about 2077 for an assumed 2035 repository start (2083 for an assumed 2040 
repository start), after which the CSF serves as a repackaging facility for the 
repository. 

- Scenario 3, (which has a 2,000 MT/yr nominal shipment rate), demonstrates a 
very different profile.  The combination of a 2,000 MT/yr acceptance rate and a 
3,000 MT/yr shipment rate from the CSF to the repository results in a smaller 
CSF storage buildup, followed by a rapid draw down of the CSF storage 
inventory once shipment to the repository begins.  By 2054 the CSF inventory is 
exhausted, and from that time on the CSF serves as a repackaging facility for the 
repository (and the repository receipt rate is limited by the 2,000 MT/yr 
acceptance rate).  Scenario 3 has the benefit of requiring less total CSF storage, 
which will reduce CSF costs.  However, the 2,000 MT/yr shipment rate, while it 
stops the accumulation of UNF at reactor sites (and the increase in reactor storage 
costs), does not reduce the inventory in reactor storage until after 2035, when a 
significant number of reactors begin to shut down (see Figure 5-10). 

- For Scenario 7, which has a 6,000 MT/yr nominal acceptance rate at the CSF, the 
6,000 MT/yr rate can only be maintained for about 5 years; after that it drops 
quickly to 3,000 MT/yr by 2044, and to 1,000 MT/yr by 2053.  This is due to 
transportation cask heat limits.  A 3,000 MT/yr rate, in contrast, maintains a 
relatively constant CSF receipt rate from 2030 to 2052, and thereafter declines 
slowly to about 1,000 MT/yr in 2070.  In addition, the high receipt rate drives up 
the CSF storage requirements to a maximum of 60,355 MT (4,920 casks), which 
is more than twice that of Scenario1. 

• The base case (Scenario 1) that was analyzed in this study resulted in a lifecycle point 
estimate of $5,960M (based on one CSF, stranded sites first, 3000 MT/yr receipt rate, 
2035 repository start).  All other scenarios considered resulted in increased cost, with the 
exception of Scenario 3.  The reduced cost for Scenario 3 ($5,769M) is driven by the 
lower maximum acceptance rate which results in reduced rail car requirements, lower 
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storage pad costs, and fewer storage casks to accommodate reduced maximum storage at 
the CSF. 
 

• There are challenges with the acquisition of rail cars, which will need to be addressed as 
a prerequisite to shipping UNF to the CSF: 

- Although significant progress has been made with the development of the first 
cask car that will meet the Association of American Railroads Standard S-2043, 
which rail cars (escort, buffer and cask) for shipments of spent nuclear fuel are 
required to meet, little progress has been made on the development of an AAR S-
2043 compliant escort or buffer car.  It is estimated that the overall development, 
production and qualification testing for a prototype consist will take 48 months, 
noting that the AAR S-2043 standard requires a 100,000 mile qualification period 
for the new rail cars at a test facility like TTCI in Pueblo, Colorado. 

- The ordering quantity of each type of rail car is very small by production rail car 
standards, noting that the typical spent fuel train will only have 3-5 cask cars, two 
buffer cars, and one escort car.  The larger rail car fabricators often see orders of 
thousands of rail cars at time (for the coal industry as an example) and previous 
discussions with rail car manufacturers indicated that they were interested in 
using the small production runs for the spent fuel consists to fill small gaps in 
their production schedules.  Working with specialty rail companies is also 
challenging, noting that the company that was previously contracted by the Navy 
and OCRWM to develop an AAR S-2043 compliant escort car became bankrupt 
in 2008.  Future plans for rail car development need to include schedule float to 
allow rail car fabricators to work on these specialty cars in between other, larger 
production runs. 
 

• The NRC licensing requirements for transportation and storage of UNF have been 
described in detail in Section 7.0 and the estimated timeframes associated with obtaining 
the perquisite authorizations needed to design and construct a CSF have been provided in 
Figure 4-7.  Key observations drawn from this work are that: 

- 10 CFR 72 can be used to regulate a Monitored Retrievable Storage facility, 
which the NWPA has a provision for, noting that the NWPA also contains a 
provision for authorizing the establishment of a Central Interim Storage Facility, 
which has expired. 

- 10 CFR 72 can be used to regulate the storage of GTCC, which will be received at 
the CSF and, as well as operating sites, is present at the shutdown sites and must 
be removed before these sites can be decommissioned. 

- Most UNF that would be received at the CSF would be expected to be packaged 
as a dual-purpose (transportation and storage) system. 

- The regulations concerning dry storage of UNF do not currently address storage 
for extended periods of time, i.e., in excess of 60 years.  It is likely that an 
application for a CSF would need to provide a compelling technical basis in its 
AMP and TLAAs in anticipation of the need to store the SNF for several hundred 
years rather than just a few decades. However, in the absence of a CSF, or any 
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other means of dealing with the UNF, this requirement would still exist and would 
fall onto the reactor utilities. 
 
 

10. RECOMMENDATIONS 
 

• A survey and site visits to update transportation infrastructure data at shipping sites, and 
for the connections between shipping sites and a CSF was beyond the scope of Task 
Order 11, but should be a high priority future project. 
 

• Logistics analyses using such tools as the TSM, coupled with planning and life cycle 
costing tools are an essential part of preparing for, and planning of, the consolidation of 
UNF.  However, it is important that these tools be used with input from technical experts 
in areas such as reactor operations, UNF storage, and transportation logistics, in order to 
address gaps and anomalies and identify improvements. 

 
• As only a limited number of scenarios could be analyzed within the time available for 

this task, further work is recommended to analyze additional scenarios in order to 
optimize logistics and cost for the CSF.  
 

•  
• Recommendations are provided within this report for dealing with canister systems that 

are currently in storage, but are not licensed for transport, including a recommendation 
that developing strategies and detailed proposals for transporting the contents of these 
types of canisters is a project that may warrant more detailed study (see section 4.3.4,  
Table 4-5). 

 
• The availability and capacity of ASME Section III fabricators changes regularly with ups 

and downs in the industrial demand for pressure vessels and should be tracked closely 
beginning 6 years before the first shipment.  

 
• R&D recommendations (see Section 8.0) have been identified for the following topics: 

- Standardized Transportation Casks.  The diversity of canister designs making 
up the dry storage market creates some logistical and cost challenges for long 
term transportation operations.  The Total System Model indicates the 
transportation cask inventory will include impact limiters, skids and other 
ancillary equipment for 13 cask designs and at least 30 casks in storage 
representing 7 different cask designs.  That represents $145 million in just 
hardware.  When you add the cost of maintaining and storing this inventory, it 
represents a significant expense for the program.  A recommended R&D project is 
to incentivize development of one cask design per vendor that could handle all of 
the canisters that vendor has licensed and sold.  With the innovative use of 
spacers, sleeves and other adjustments, that could significantly reduce the 
inventory requirements as well as the size and complexity of the cask 
maintenance facility. 
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- Standardized UNF Canisters. The delay in developing a repository may create 
options for developing standardized canisters that were not viable if Yucca 
Mountain had been licensed.  All of the Yucca Mountain operating schedules 
involved shipment of spent fuel directly to the repository from the utility sites.  
Standardized canister approaches under that construct required packaging by 
utilities.  That eliminated many options due to potentially negative impacts on 
utility operations.  With an operating CSF, transitioning to a standard canister 
design can be done away from the utility sites and that creates more opportunities 
for innovative solutions.   

- Rod consolidation. The consolidation of fuel rods has the potential benefits of 
smaller packages, better heat transfer, reduced criticality concerns, dry storage or 
aging of consolidated rod canisters can be accommodated in the same dry storage 
configurations as HLW, heat loads in disposal drifts can be managed by adjusting 
the number of UNF canisters with HLW canisters in a disposal package, and the 
smaller size allows truck or rail transport. 

- An R&D project that demonstrates the reliability and potential operating 
throughput of a rod consolidation system using dummy assemblies would be a 
valuable first step.  Once complete, the loading of several standard HLW canisters 
with consolidated rods from high burnup irradiated assemblies as part of the long 
term fuel storage R&D project would allow collection of valuable data to support 
rod consolidation. 
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APPENDIX A - FIGURES 

 
Figure Title Notes 

A-1 
Mechanical Flow Diagram for 
Transportable Storage Cask 
Transfer 

These diagrams provide the main operational steps and 
equipment required to retrieve DPCs at the Humboldt Bay 
shutdown site.  DPCs are stored vertically in transportable 
storage casks and are lifted onto a transportation trailer.  

A-2 
Mechanical Handling Diagram for 
Transportable Storage Cask 
Transfer 

A-3 
Mechanical Flow Diagram for 
Horizontal Transfer at Rancho 
Seco 

These diagrams provide the main operational steps and 
equipment required to retrieve DPCs at the Rancho Seco 
shutdown site.  DPCs are stored in horizontal dry storage 
modules and are transferred horizontally into a transportation 
cask. 

A-4 
Mechanical Handling Diagram for 
Horizontal Transfer at Rancho 
Seco 

A-5 
Operational Steps for Horizontal 
Canister Transfer at Big Rock 
Point 

This diagram provides the main operational steps and equipment 
required to retrieve DPCs at the Big Rock Point shutdown site.  
DPCs are stored vertically in dry storage casks but are transferred 
horizontally into transportation casks using existing equipment at 
the site.  

A-6a to 
A-6b 

Mechanical Flow Diagram for 
Stationary Shielded Transfer 

These diagrams provide the main operational steps and 
equipment required to retrieve DPCs at the remaining shutdown 
sites.  DPCs are stored vertically in dry storage casks and are 
transferred into a shielded transfer bell, then placed into a 
transportation cask. A-7 

Mechanical Handling Diagram for 
Stationary Shielded Transfer 

A-8 
Consolidated Storage Facility Site 
Plan 

This provides an overview of the CSF and shows the facilities 
that are added over three stages of construction. 

A-9 Canister Transfer Facility Layout This diagram provides a proposed layout for the CTF and shows 
the equipment necessary to perform canister transfer. 

A-10 
Mechanical Flow Diagram for 
CSF Canister Transfer Facility 

These diagrams provide an overview of the operations and 
equipment that are required to receive DPCs in transportation 
casks and transfer them into storage casks.  The ancillary steps 
for importing empty storage casks and exporting empty 
transportation casks are also addressed. 
 

A-11 
Mechanical Handling Diagram for 
CSF Canister Transfer Facility 

A-12 Cask Fabrication Facility Layout This diagram provides a proposed layout for the Cask Fabrication 
Facility, which will be used to produce storage casks at the CSF. 

A-13 Pool Repackaging Facility Layout 
This diagram provides a proposed layout for the PRF and shows 
the equipment necessary to perform UNF repackaging operations, 
cask maintenance, and secondary waste handling. 

A-14a 
to A14d 

Mechanical Flow Diagram for 
CSF Pool Repackaging Facility 

These diagrams provide an overview of the operations and 
equipment that are required to repackage UNF into disposal 
canisters, and place the disposal canisters into transportation 
casks in the PRF.  This considers UNF from various sources that 
include: DPCs in transportation casks; bare (uncanistered UNF) 
in transportation casks; and DPCs in storage casks.  The ancillary 
steps for handling empty casks and canisters are also addressed. 
 

A-15a 
to A-
15j 

Mechanical Handling Diagram for 
CSF Pool Repackaging Facility 
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APPENDIX B - Results from Phase 1 Workshop 
 
The Phase 1 workshop was held from August 7th to August 9th,  2012, at EnergySolutions office 
in Englewood, Colorado, and was attended by representatives from all of the companies 
comprising the team.  The workshop was facilitated and followed the agenda shown below: 

o Objective Setting 
o Screening Criteria, Evaluation Criteria and Weighting Factors  
o Define Functions 
o Options Identification 
o Evaluate and Select Options 
o Confirm Options 

Objective Setting 
The objective statement developed by the team is shown below. 

Identify one or more strategies for the consolidation and storage of commercial UNF that 
incorporates, but is not limited to, the following: 

• Retrieval of UNF from its current location 
• Determination of most efficient method of consolidating UNF at shut down reactor sites, 

noting that this has a higher priority than UNF at operating sites. 
• Preparation and transportation of the UNF to a consolidated storage facility (CSF) 
• Identification of the most efficient and economical methods of transportation 
• Handling and packaging, as needed, of the UNF at the CSF to place it into storage 
• Identification of the most efficient storage system (e.g. vaults, pools, pads, or other) 
• Expansion capability 
• Flexibility with respect to final waste package scenarios for disposal 
• Design/operational life of 100 years 
• Identification of all the facilities needed to handle casks, canisters and UNF assemblies, 

as well as balance of plant features 
• Provision of cask maintenance functions (or facility) to maintain shipping casks in 

accordance with their Certificates of Compliance 
• Consideration for life cycle cost; with the focus on a cost range. 
• Consideration for ease of decommissioning 
• Careful consideration of NRC storage and licensing requirements in 10CFR72 and 

packaging requirements in 10CFR71 
• Identification of R&D functions to better understand potential degradation mechanisms in 

long term dry cask storage etc 
• Minimize handling. 
• Identify how the preferred systems concept will have the flexibility to support storage of 

GTCC and DOE fuel, and reprocessing. 
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Screening Criteria  
The screening criteria, which were developed and used by the team are shown in Table 1. 
 
 

Table 1.  Screening criteria developed and used during the Phase 1 Workshop. 
 

# Title Definition (for screening out option) 
1 Maturity The technology is too immature for this application (e.g., an approximated Technology 

Readiness Level of 4 or 5 as described in the DOE Technology Readiness Assessment 
Guide), or the degree of difficulty to mature the  technology for the intended 
application is unreasonably high, or there is a low probability of success. 

2 Regulatory Too difficult to permit/license i.e. there is not enough experience in evaluating and 
licensing the option and too much risk; or the option is not likely to comply with 
licensing requirements.  

3 Cost Up front project cost and/or operating cost is likely to be significant compared to other 
more cost-effective option(s) that will achieve same goal. 

4 Schedule Key components/equipment that support this option have not been developed yet and 
are unlikely to be ready in time to start consolidating UNF (Based on construction 
starting 2018 - 2020). 

5 Adequacy The option will not meet the objectives described in the objective statement or the 
Statement of Work. 
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Evaluation Criteria and Weighting Factors 

The evaluation criteria and weighting factors that were developed by the team are shown in 
Table 2. 

Table 2.  Evaluation Criteria and Weighting Factors Developed 
During the Phase 1 Workshop. 

 
# Title Definition Score Guide 
1 Operability Measures the inherent complexity of the 

operations required to implement the 
option, compared to typical UNF handling 
operations. Operability considers all 
operations for receiving, transporting, and 
placing the UNF into interim storage. 

5 = Complexity of operations is minimized by 
utilizing common operations strategies and 
balancing remote handling operations with 
direct handling. 

3 = Complexity of operations is increased 
because of specialized operating strategies, 
increased number of steps, and increased 
remote handling. 

1 = High complexity of operations requiring 
special considerations to utilize the option. 

2 Expandability/ 
Flexibility 

Measures the ease with which additional 
storage capacity and/or handling capacity 
can be added. Expandability considerations 
include the scalability of the option, the 
impact of expansion construction on 
existing facility operations, and radiation 
dose to construction workers.  Measures the 
ability to cope with a range of scenarios for 
preparing UNF for final disposal.   

5 = Option can be expanded with minimal 
impact to the existing facility and low risk to 
construction workers. Reduces the need to 
purchase additional handling equipment.  
Option has ability to deal with a range of 
feasible scenarios for handling, packaging and 
exporting UNF for final disposal.   

3 = Option can be expanded with some impact 
to the existing facility operations and some 
potential risk to construction workers. 
Requires purchase of additional handling 
equipment in addition to expanded storage 
area.  Option has some limitations for 
preparing UNF for final disposal and may 
require additional equipment and/or facility to 
support export. 

1 = Expansion of option disrupts existing 
facility operations and poses exposure risks to 
workers. Additional storage cannot be utilized 
without purchase of additional handling 
equipment.  Option provides no functionality 
for preparing UNF for final disposal.  
Additional equipment and/or facility will be 
required to support export 

3 Radiological Safety Measures radiological protection safety 
factors. The relative safety is judged based 
on the complexity of the UNF handling 
operations, the number of operational steps, 
and the number and type (e.g., manual or 
automatic) of operator actions required. 

5 = Option reduces the total dose uptake by 
the workforce. The anticipated operations 
optimize ALARA principles. 

3 = Option requires some contact work which 
increases the total dose uptake.  
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# Title Definition Score Guide 
1 = Option requires contact operations which 
are not easily mitigated to implement ALARA 
principles. 

4 Regulatory 
Considerations 

Measures regulatory factors, including NRC 
licensing, and secondary solid and liquid 
waste generation and disposal. 

5 = Option is conducive to 
licensing/permitting by minimizing regulated 
emissions and resembling previously reviewed 
operations. 

3 = Option may be more complex to 
permit/license due to increased regulated 
emissions and deviation from previously 
reviewed configurations. 

1 = Option is likely to be difficult to 
license/permit due to extent of regulated 
emissions and novel/first of a kind approach to 
performing operations.   

5 Life Cycle 
Cost/Schedule 
 

Measures the rough order-of magnitude 
project costs (design, procure, construct, 
start-up) of the major structures, systems, 
and components required to implement each 
option.  Compares the rough order-of 
magnitude operating costs required to 
implement the option.  Measures the ability 
for the option to be developed (e.g. design, 
licensing etc) in time to start construction in 
2018 to 2020. 

5 = Project cost is relatively low through start-
up.  Annual operating costs are relatively low.  
Option has high probability of being 
developed/approved in time to start 
construction in 2018 to 2020. 

3 = Project cost is moderate through start-up.  
Annual operating costs are moderate.  Option 
has moderate risk that some key part(s) of 
concept may not be developed/approved in 
time to start construction in 2018 to 2020. 

1 = Project cost is relatively high through 
start-up.  Annual operating costs are relatively 
high.  Option has low probability of some key 
part(s) of concept being developed/approved 
in time to start construction in 2018 to 2020. 
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Define Functions 

The Function Analysis System Technique (FAST) diagram, which was developed by the team 
during the workshop is shown in Figure 1.
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Options Identification, Evaluation and Selection 
Shutdown Sites 

For the shutdown sites, the team identified all of the sites and assigned options using the following list 
that was developed for Function 1.4 (Stage Storage Cask) on the FAST diagram (see Figure 1).  The notes 
in parenthesis reflect observations from the team, which were considered during the assignment of 
options 

(A) Transfer cask with mobile crane on-site (seismic analysis issues due to heavy lift) 
(B) Stage storage cask using air pallets (enabler technology only, i.e. won’t get the job done on 
its own) 
(C) Combine transfer and transport casks (for horizontal storage systems) 
(D) Yucca-style:  transfer cask moves (Seismic design issues due to moving a heavy load – 
complex solution) 
(E) Yucca-style:  transfer cask stationary (method is already in use at Trojan) 
(F) Below grade cask transfer (requires extensive construction work) 
(G) Transportable storage cask (Humboldt Bay – shutdown site) 

Prior to assigning the options, the team identified the following five considerations with regards to 
Shutdown Sites: 

• Quantity of UNF stored at site 
• Early success probability. 
• Transport cask availability 
• Infrastructure 
• Access challenges 

The options were then assigned and the following table (Table 3) developed, which formed the 
basis of the work to be performed during phases 2 and 3. 
 

Table 3.  Identified Options for Shutdown Sites. 
 

Shut-Down Sites (Stranded 
Fuel) - Site Descriptions 

Option Rail Access Barge Access 
Possible? 

Notes 

Humboldt Bay G NO Possible  

Big Rock Point E or C NO YES  

Trojan E YES YES  

Rancho Seco C NO NO  

La Crosse E YES YES  

Maine Yankee E YES YES  

Yankee Rowe E NO NO  

Haddam Neck E NO YES  

Zion E YES YES  
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Shut-Down Sites (Stranded 
Fuel) - Site Descriptions 

Option Rail Access Barge Access 
Possible? 

Notes 

Fort St. Vrain (Vault stored) -- Truck Casks  
Same as operating 

facility; have cranes 

Morris (Pool) -- YES  
Same as operating 

facility; have cranes 

 

Consolidated Storage Facility 

For the CSF, the team identified a number of options for Function 2.8 (Store UNF) on the FAST 
diagram and then applied the screening criteria detailed in Table 1.  The results are shown in 
Table 4. 
 

Table 4.  Identified and Screened Options for the Consolidated Storage Facility. 
 

Screening (Function 2.8 (Store UNF)) Maturity Regulatory Cost Schedule Adequate 

(1A) Store in Canister in storage cask; above 
grade 

Y Y Y Y Y 

(2) Store canister in sleeved overpack 
(secondary container) staged for disposal 

X X --R&D Possibility-- 

(3) Store TSC as TSC (Hi-Star or TN-68) Y Y Y Y Y 
(4) Bare fuel in pool (as part of phased 
approach) 

Y Y X Y Y 

(5) Bare fuel in vault Y X X Y Y 
(6) Bare fuel in canister in cask (via hot cell or 
pool) 

Y Y - Y Y 

(7) Bare fuel into pool into un-canistered 
storage only cask (e.g., TN-68) 

Y Y - Y - 

(8) Bare fuel into rod consolidated canister into 
storage cask (in pool) 

X X --R&D Possibility-- 

(9) Store canisters in a vault - X XX - - 
(10) No pool (canister only) (in storage casks) Y Y Y Y - 
(1B) Store in Canister in storage cask; below 
grade 

X Y X Y Y 

 

‘X’ and ‘XX’ indicates team’s consensus that option 
should screen out based on screening criteria.    ‘Y’ 
indicates team’s consensus that option should screen in 
based on screening criteria. ‘-‘ indicates that that the 
team could not decide on Y or X and chose not to 
eliminate an option based on this criteria. 

 



Task Order 11:  Development of Consolidated Storage Facility Design Concepts. 

 
Page 232 

Associated with Table  4 are the following notes, which were developed during the workshop to 
explain the screening results and the options identified. 
 
NOTES 
a) TSC = Transportable Storage Cask 

b) Options 1A, 3, 6, 7 and 10 (all underlined) screened in. 

c) Options 2, 4, 5, 8, 9 and 1B were screened out for now, but 2 and 8 are on hold as R&D 
possibilities. 

d) Option 2 - No regulatory support, not sure of cost, not sure if technically adequate. Never 
thought of before, never licensed; disposal requirements unknown.  Let repository do it. 

e) Option 4 - Expensive and schedule complicated; must build wet handling facility and pool at 
CSF; rule out due to expense and complication; estimate 32 Olympic size pools to store to 
store complete inventory of bare fuel. 

f) Option 5 - A storage approach (vs. pool which is handling), but regulatory issues (safety 
related gas system on that scale). 

g) Option 6 - Less than (4) -- smaller pool -- but a lot => phased approach. 

h) Option 7 - Additional handling when ship out => costly (need pool); maybe less than 
canistered system but only partially adequate because must repackage to transfer off-site. 

i) Option 8 - No voids, heat transfer good, unproven method, difficult to license.  Flexibility 
only & eliminates criticality issues (no need for moderator). 

j) Option 9 - Large vault; safety class active cooling system, very expensive option. 

k) Option 10 – Assumes uncanistered fuel is handled in pool at repository or at facility with 
existing pool. 

It was decided by the team that rather than screen and rank the 5 options (1A, 3, 6, 7 and 10) that 
screened in, it made better sense to use these options and assemble a time-phased flowchart, 
which reflects a phased approach to the consolidation of UNF.  The logic behind this decision 
was that all of the options represent viable solutions, but not all are needed on day one of 
operations.  The developed flowchart is shown in Figure 2.
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Confirm Options 

During this session of the workshop, the team confirmed the selected approaches for the 
shutdown sites and the phased consolidation of UNF shown in Figure 2.  In addition, the team 
identified an initial list of front end authorizations, which are required to be completed prior to 
construction and operations of the CSF.  These are identified as “Phase 0” in Figure 2.   
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APPENDIX C – OUTLINE OF PHYSICAL SECURITY PLAN 
 
Chapter 1 Introduction 
1.1 Location 
1.2 Background 
1.3 Review and Revision of CSF Security Plan 
 
Chapter 2 Performance Objectives 
 
 
Chapter 3 Security Organization 
3.1 Establishment of Security Organization 
3.2 Security Organization Responsibilities 
3.3 Qualifications for Performance of Security Duties 
3.4 Local Law Enforcement Agency (LLEA) Liaison 
3.5 Security Personnel Equipment 
 
Chapter 4 Protected Area 
4.1 Description of Area 
4.2 Physical Barriers and Delays 
4.3 Security Posts 
4.4 Protected Area Keys and Locks 
 
Chapter 5 Access Authorization 
5.1 Access Authorization and Clearance 
5.2 Protected Area Identification System 
5.3 Fuel Building Identification System 
5.4 Search 
5.5 Access/Egress Controls 
 
Chapter 6 Detection Aids 
6.1 Alarm Systems 
6.2 Illumination 
6.3 Surveillance Systems and Cameras 
6.4 Protected Area Patrols 
6.5 Testing and Maintenance 
 
Chapter 7 Security Alarm Station Operation 
7.1 Security Alarm Station Function 
 
Chapter 8 Communications 
8.1 Communications Systems 
8.2 LLEA Liaison 
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Chapter 9 Testing and Maintenance 
9.1 Security Equipment 
9.2 LLEA Equipment 
9.3 Other 
 
Chapter 10 Security Contingencies 
10.1 Background 
10.2 Generic Planning Base 
10.3 Licensee Planning Base 
10.4 Responsibility Matrix 
 
Chapter 11 Compensatory Measures 
11.1 Equipment Failure 
11.2 Staffing  
 
Chapter 12 Reporting Criteria for Safeguards Events 
12.1 One-Hour Reports 
 
Chapter 13 Security Organization Training and Qualification Plan 
13.1 Objectives 
13.2 Employment Suitability and Qualification 
13.3 Training and Qualification 
13.4 Task List  
13.5 Responsibilities 
 
Chapter 14 Independent Reviews, Audits and Document Retention 
14.1 Scope 
14.2 Documentation 
 
Chapter 15 References 
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APPENDIX D –SCHEDULES FOR CSF SCENARIOS 

 

Figure Title 

D-1 Scenario 1: High-Level Schedule 

D-2a to 2d Scenario 1: Detailed Schedule 

D-3 Scenario 2: High-Level Schedule 

D-4a to D-4d Scenario 2: Detailed Schedule 

D-5 Scenario 3: High-Level Schedule 

D-6a to D-6d Scenario 3: Detailed Schedule 

D-7 Scenario 4: High-Level Schedule 

D-8a to D-8d Scenario 4: Detailed Schedule 

D-9 Scenario 5: High-Level Schedule 

D-10a to D-10d Scenario 5: Detailed Schedule 

D-11 Scenario 6: High-Level Schedule 

D-12a to D-12d Scenario 6: Detailed Schedule 

D-13 Modified Scenario 2 – Detailed Schedule 
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Figure D-7.  Scenario 4: High-Level Schedule 
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Figure D-8a.  Scenario 4: Detailed Schedule (1 of 4) 
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Figure D-8b.  Scenario 4: Detailed Schedule (2 of 4) 
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Figure D-8c.  Scenario 4 : Detailed Schedule (3 of 4) 
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Figure D-8d Scenario 4: Detailed Schedule (4 of 4)  
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Figure D-9.  Scenario 5: High-Level Schedule 
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Figure D-10a.  Scenario 5: Detailed Schedule (1 of 4) 
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Figure D-10b.  Scenario 5: Detailed Schedule (2 of 4) 
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Figure D-10c.  Scenario 5: Detailed Schedule (3 of 4) 
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Figure D-10d.  Scenario 5: Detailed Schedule (4 of 4)  
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Figure D-11. Scenario 6: High-Level Schedule 
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Figure D-12a.  Scenario 6: Detailed Schedule (1 of 4) 
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Figure D-12b.  Scenario 6: Detailed Schedule (2 of 4) 
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Figure D-12c.  Scenario 6: Detailed Schedule (3 of 4) 
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Figure D-12d.  Scenario 6: Detailed Schedule (4 of 4)  
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Figure D-13.  Modified Scenario 2: Detailed Schedule 






