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NFST Established in FY 2013 to Plan for 
Interim Storage and Transportation 


Mission 
 Lay the groundwork for implementing interim storage, including associated 


transportation, per the Administration’s Strategy for the Management and Disposal of 
Used Nuclear Fuel and High-Level Radioactive Waste, and develop a foundation for a 
new nuclear waste management organization 
 


Purpose  
• Make progress on this important national issue 
 Build foundation that could be transferred to a new waste management disposal 


organization (MDO) 
 


Activities  
 Align with BRC recommendations  
 Lay ground work for implementing the Strategy  
 Within existing NWPA and budget constraints 


 
NFST Overview, UFD WG Meeting 
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NFST Near-Term Objectives 


 Develop and maintain an integrated plan to accomplish Strategy goals 
 


 Improve integration of storage as a planned part of the waste 
management system 
 


 Develop and evaluate design options for an integrated waste 
management system 


 


 Develop and apply systems analyses to provide quantitative estimates 
of system impacts of stakeholder actions and inform future decisions 


 


 Prepare for the large-scale transportation of Used Nuclear Fuel (UNF) 
and High-Level Waste (HLW), with an initial focus on removing UNF 
from the shut-down reactor sites 


 


 Develop foundational information, resources, and capabilities needed 
to support future implementation decisions and actions 


 NFST Overview, UFD WG Meeting 
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Longer-Term Objectives (legislation 
required to enable implementation) 


 Site, design and license, construct, and begin 
operations of a pilot interim storage facility, with an 
initial focus on accepting UNF from shutdown 
reactor sites  
 


 Develop transportation infrastructure and 
capabilities to facilitate the acceptance of UNF at a 
pilot interim storage facility 
 


 Site and license a larger interim storage facility 
with sufficient capacity to provide flexibility in the 
waste management system and allow for 
acceptance of enough UNF to reduce expected 
government liabilities 
 


NFST Overview, UFD WG Meeting 
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NFST Work Breakdown Structure 


Nuclear Fuels Storage 
and Transportation 


Planning Project 


Consent-Based 
Siting 


Siting Process 


Site Evaluation and 
Selection* 


Site Acquisition* 


Storage 


Storage Design 


Construction* 


Operations* 


Transportation 


Institutional 


Operational 


Hardware 


Strategic Crosscuts 


Project 
Management NEPA* 


Waste 
Management 


Systems Analysis 
Communication 


Products* 


Data and 
Document Access Regulatory 


Standardization 
and Integration 


Characterization  
and Assessment 


*Gray-shaded boxes represent inactive support levels 
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NFST Work Breakdown Structure 
with Responsible Federal Staff 


Nuclear Fuels Storage 
and Transportation 


Planning Project 
Jeff Williams, Director 


Consent-Based 
Siting 


Jay Jones 


Siting Process 
Jay Jones 


Site Evaluation and 
Selection* 


Site Acquisition* 


Storage 
Jim George 


Storage Design 
Jim George 


Construction* 


Operations* 


Transportation 


Institutional 
Jay Jones 


Operational 
Erica Bickford 


Hardware 
Pat Schwab 


Strategic Crosscuts 


Project 
Management 
Syed Bokhari 


NEPA* 
Jay Jones 


Waste 
Management 


Systems Analysis 
Syed Bokhari 


Communication 
Products* 
Jay Jones 


Data and 
Document Access 


Jack Wheeler 


Regulatory 
Jim George 


Standardization 
and Integration 


Syed Bokhari 


Characterization  
and Assessment 


Jack Wheeler Contracting, Melissa Bates 
Quality Assurance, Ram Murthy 


*Gray-shaded boxes represent inactive support levels 
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Laboratory Support Structure 


Nuclear Fuels Storage 
and Transportation 


Planning Project 
 


John Wagner, NTD 
Mark Nutt, DNTD 


Consent-Based 
Siting 


 


Mark Nutt 


Storage 
 


Joe Carter 


Transportation 
 


Matt Feldman 


Strategic 
Crosscuts 


 


Mark Nutt 
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Preparing to Support the 
Establishment of a Publicly Accepted 
Consent-Based Siting Process  


Developed a database of prior siting efforts 
• http://curie.ornl.gov/SED/pages/sed-homepage 


Reviewing and evaluating lessons learned 
from prior domestic and international siting 
efforts 


Evaluating public preferences related to 
consent-based siting and UNF management 
 


 


 


BRC recommendation:  
DOE should build a data base of the 
experience that has been gained and 
relevant documentation produced in 


efforts to site nuclear waste facilities, in 
the United States and abroad. 


NFST Overview, UFD WG Meeting 


Several local communities have 
expressed interest to DOE in 


hosting an ISF 
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Evaluating interim storage design concepts, 
with input from industry contractors 
 Recently initiated new Task “Generic Design Alternatives 


for Dry Storage of Used Nuclear Fuel” 
Preparing facility functions and requirements 
Evaluated costs and impacts of opening non-


disposable storage canisters 
Developing data on alternative generic  


design concepts for receiving, storing, 
handling, and repackaging UNF canisters  
to support systems analyses 


 
 


BRC recommendation:  
“Perform systems analyses and 


design studies needed to develop a 
conceptual design for a spent fuel 


storage facility” 


Laying the Groundwork for 
Consolidated Interim Storage 


NFST Overview, UFD WG Meeting 
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Evaluating Design Options for the Pilot  
(Flexible, Adaptable, and Expandable) 


 Dry Storage Alternatives 
• Vented concrete at grade in horizontal and vertical  
     vendor specific systems currently in use 
• Vaults for dry canisters 
• Universal storage overpacks 
• Universal underground systems 


 Required Support Systems/Facilities 
• Cask-handling facility 


– Large shielded cell vs. transfer cask may offer time in motion and ALARA advantages 
• Storage overpack fabrication 
• Rail and cask maintenance 
• Security systems, infrastructure, and balance of plant 


 Potential Co-located Systems (may or may not be deployed with Pilot) 
• Laboratory for supporting long-term storage and developing repackaging techniques 
• Fuel remediation capability for damaged or failed fuel  
• Related manufacturing facilities 


 
 
 
 


Humboldt Bay Underground Storage 


NFST Overview, UFD WG Meeting 


Roundtable on 10 CFR 72-71-72 transitions  
Thursday, 8 AM, Rm #1243 (Carter) 
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Evaluating design and scope of 
the Pilot CISF for initial operations 


Pilot  
248 UNF casks 
11 GTCC casks 


7,649 assemblies 
2813 MTHM 


4 different vendors 
7 storage systems 


Rancho Seco 


Humboldt Bay 


Trojan 


LaCrosse 


Zion 


Big 
Roc


k 
Poi
nt 


Yankee Rowe 


Maine 
Yank


ee 


Conn
ectic


ut 
Yank


ee Rancho Seco 
21*;1** 


TransNuclear 
NUHOMS with FO-DSC, FC-DSC, and  


FF-DSC canisters 


Humboldt Bay 
5*;1** 


Holtec HI-STAR 
HB with MPC-HB 


canister 


Trojan 
34*;0** 


TranStor cask with 
Holtec MPC-24E/EF 


canisters 


LaCrosse 
5*;0** 


NAC-MPC with MPC-LACBWR canister 


Zion 
61*;0** 


NAC MAGNASTOR with TSC-37 
canister 


Big Rock Point 
7*;1** 
BFS/ES Fuel Solutions W150 with W74 
canister 


Yankee Rowe 
15*;1** 
NAC-MPC with 
Yankee-MPC canister 


Maine Yankee 
60*;4** 
NAC-UMS with 
transportable storage 
canister (TSC) 


Connecticut Yankee 
40*;3** 
NAC-MPC with CY-MPC canister 


 *UNF Casks 
**GTCC Casks 


NFST Overview, UFD WG Meeting 
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 Collaborating with stakeholders through State  
Regional Groups and tribal representatives  
 Revised NWPA 180(c) policy and  
 National Transportation Plan 
 Routing options 


 Planning for design, testing, and acquisition 
of rail cars and transportation casks 


 Assessing needs and developing plan for 
removing UNF from shutdown reactor sites 


 Developing new routing capabilities and 
investigating routing options  
from shutdown reactor sites 


 Released Request for  
Information / Sources Sought  
notice for procurement of  
AAR S-2043 Compliant Railcar 
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BRC recommendation:  
“Complete development of procedures 
and regulations for providing technical 


assistance, funding, and training 
to local groups in preparation for 


movement of spent fuel” 


Prepare for the Large-Scale 
Transportation of UNF and HLW 


NFST Overview, UFD WG Meeting 
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 Reestablished capabilities and performed  
systems analysis of alternative approaches for 
accepting and moving fuel; continuing activity 
 Developing methodologies, approaches, and tools to  


analyze the waste management system 
 Provided insights regarding potential waste  


management system architectures 
 Exposed data and analysis capability needs 


 Identifying opportunities for better integration  
of storage into the waste management  
system, including consideration of standardization 
and alternative storage systems at ISF 


BRC recommendation:  
“Develop systems analyses to provide  
quantitative estimates of the system  


benefits of utility actions” 


Developing and Applying Waste 
Management Systems Analysis 
Capabilities and Data 


Impact of acceptance strategies on 
pace of deinventorying sites 


Ft. St. Vrain, vault NFST Overview, UFD WG Meeting 


WM Systems Analysis Activities 
Wednesday, 3:10 PM, Rm #1243 


(Nutt) 
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Develop the Basis for Future 
Decisions Regarding Standardization  


Standardization offers the potential for significant system-wide 
benefits 
 Benefits recognized in previous periods, e.g., MPCs & TADs, and by BRC and FY12 


congressional budget direction 
 Opportunities include canisters, overpacks, casks, and ancillary equipment 


 


For a variety of reasons, legitimate questions persist about what, 
when, and how to standardize 


 


Any action to standardize by an implementing organization would 
require a major policy decision with significant implications 


 


 In collaboration with UFD and consultation with  
industry, NFST is conducting a quantitative  
assessment of relevant options to establish the  
basis for future policy decision making 
 NFST Overview, UFD WG Meeting 


Several sessions related to 
Standardization on Thursday  


8:00, 10:10 AM, Rm #1240 
1:30 PM, Rm #B174 
3:50 PM, Rm #1245 
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Developing Foundational, Integrated 
Unified Database and Analysis System  


Used Nuclear Fuel Storage, Transportation, and Disposal 
Analysis Resource and Data System (UNF-ST&DARDS)  
 Characterize the input to the waste management system 
 Provide a unified, controlled  


data source for key information 
 Assess issues and  


uncertainties related to the  
transportability of loaded  
casks, with emphasis on  
the shutdown sites 


 Provide an integrating  
(storage, transportation,  
and disposal), foundational 
resource with broad applicability 


 Collaboration with UFD & MPACT 


NFST Overview, UFD WG Meeting 
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Concluding Remarks 


While legislation is needed to proceed in some areas, progress is being 
made in laying the groundwork 
 Planning project established and multi-organizational team assembled 
 Siting Experience Database completed (now being maintained) 
 ISF design concepts developed/evaluated 
 Costs and impacts of opening non-disposable storage canisters evaluated 
 Feasibility of standardized canisters evaluated 
 Cooperative agreements with State Regional Groups established 
 Draft National Transportation Plan and NWPA 180(c) policy prepared 
Waste management system analyses capabilities established and applied 
 Unified database and analysis system established and applied 
 Preliminary evaluation of removing UNF from shutdown reactor sites completed 
 Evaluating design options for an integrated waste management system 


 


We look forward to a productive, collaborative meeting 
 


NFST Overview, UFD WG Meeting 
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Breakout Sessions Organized or  
Co-Organized by NFST 


NFST Overview, UFD WG Meeting 


Date/Time Location Activity 


WED: June 4 


3:10 5:00 Large classroom #1243 (68 capacity) Waste Management System Analysis Capabilities, 
Activities, and Integration (Nutt) 


THU: June 5 


 
8:00 


 
9:50 


Small classroom #1240 (40 capacity) Dual Purpose Canisters and Standardization 
Assessment (Hardin, Jarrell) 


Large classroom #1243 (68 capacity) Roundtable on 10 CFR 72-71-72 Transitions (Carter) 


 
10:10 


 
12:00 


Medium classroom #B174 (56 capacity) UNF-ST&DARDS Data and Analysis Capabilities with 
CURIE Overview (Scaglione/Jarrell) 


Small class room #1240 (40 capacity) Dual Purpose Canisters and Standardization 
Assessment (Hardin, Jarrell) 


1:30 3:20 Medium classroom #B174 (56 capacity) R&D on Waste Package/Standard Canister Interfaces 
and Standard Canister Internals (Jarrell/Howard) 


3:50 5:40 Small classroom #1245 (30 capacity) DPCs and Standardized Canister Design (Hardin) 
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Backup Materials 


 


NFST Overview, UFD WG Meeting 
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FY 2014 Program Enacted Following 
the Omnibus 


 Continue developing plans for a consent-based siting process. 
 Complete an analysis for initial used fuel shipments from shutdown reactor 


sites… 
 Continue the conceptual design for a generic storage facility and 


supporting transportation system. 
 Conduct system architecture and operating evaluations of various used 


fuel management systems: Centralized and/or regional storage facilities, 
various repackaging scenarios and acceptance rates, update transportation 
and storage system models, and develop cost data bases. 


 Continue the evaluation of standardized containers for storage, 
transportation, and potentially disposal. 


 Continue to work cooperatively with the state regional groups on 
transportation issues. 


 Update the National Transportation Plan to address initial shipments from 
shutdown reactors to a generic consolidated storage facility. 
 


NFST Overview, UFD WG Meeting 
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FY15 President’s Request for Integrated 
Waste Management System Activities 


 Continue developing plans for a consent-based siting process. 
 Maintain and expand the unified and integrated UNF database and analysis system to 


characterize the input to the waste management system. 
 Prepare for large-scale transportation of UNF and high-level radioactive waste to a pilot 


interim storage facility with focus on UNF at shutdown reactor sites…  
 Evaluate integrated approaches to storage, transportation, and disposal in the waste 


management system with an emphasis on providing flexibility, including evaluation of 
standardization of dry cask storage and transportation systems. 


 Evaluate expanded generic operational and conceptual design alternatives for the expanded 
interim storage facility. This includes developing more detailed cost and schedule data. 


 Develop a generic topical safety analysis report for a pilot integrated storage facility, 
including cask receipt and handling facilities, and engage with NRC on their review.  


 Complete expanded system architecture studies and decision analysis capability, expanded 
organizational infrastructure for document control and UNF data/knowledge management, 
and expanded efforts to support licensing and UNF acceptance. 


 Complete enveloping generic designs of small and medium size Standardized 
Transportation Aging and Disposal canisters. 


 Continue existing work in development of advanced modeling tools for systems-level 
analysis of repository concepts. 


 Verify and establish the next-generation waste management systems logistics analysis tool 
to enable the transition from legacy tools. 


 NFST Overview, UFD WG Meeting 
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Sustainable Fuel Cycles – the Evaluation 
and Screening of Nuclear Fuel Cycle 
Options 
Roald Wigeland, Idaho National Laboratory (INL) 


National Technical Director, Fuel Cycle Options 
Campaign, Fuel Cycle Research & Development Program 
Leader, Evaluation and Screening Team 


T. Taiwo (ANL), M. Todosow (BNL), H. Ludewig (BNL, 
deceased), W. Halsey (LLNL, ret.), J. Gehin (ORNL), R. 
Jubin (ORNL), J. Buelt (PNNL, ret.), S. Stockinger (DOE-
NV), K. Jenni (Tech Source / Insight Decisions), B. Oakley 
(Scully Capital)  
 
UFD Working Group Meeting 
UNLV, June 4, 2014 







The Evaluation and Screening of 
Nuclear Fuel Cycle Options 


 DOE-NE chartered the Evaluation and Screening Study to strengthen 
the basis for DOE-NE R&D decisions  
– to provide information about the potential benefits and challenges of nuclear 


fuel cycle options 
– Identify the potential for a nuclear fuel cycle to provide substantial 


improvements as compared to the current U.S. fuel cycle 
– Nine evaluation criteria were specified 


 The Study requirements  
– Consider the complete nuclear fuel cycle system from mining to disposal 
– Develop a set of fuel cycles that is comprehensive with respect to potential 


fuel cycle performance 
– Develop appropriate evaluation metrics for the nine criteria 
– Evaluate the fuel cycle options with respect to the criteria 
– Screen the fuel cycle options to identify fuel cycles that are promising for R&D 


based on the potential for substantial improvement 
– Explore the range of possible policy guidance by weighting the criteria 
– An Independent Review Team was to review the Study process, interim draft 


deliverables, and the final report 
 3 







Informing DOE Nuclear Energy R&D 
Decision-Making 
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DOE/NE R&D 
Program Priorities 


Analysis of results and technology 
objectives with the R&D campaigns 


Consideration of other domestic and 
international programs to explore 


opportunities to leverage R&D 


Policy and Budget 
Considerations 


DOE Decisions 


DOE DECISION-MAKING 
PROCESS 


 (determining R&D directions) 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


NUCLEAR FUEL CYCLE 
EVALUATION & SCREENING 


(Strategic Phase –  
inform on R&D needs) 


FUEL CYCLE R&D NEEDS  
Promising Fuel Cycle Options and 


the Corresponding Technology 
Objectives 


Comprehensive Set of 
Fuel Cycle Options 


High-Level Evaluation Criteria 
and Evaluation Metrics 


Evaluation and Screening 
Relative merit compared to the 


current U.S. Fuel Cycle  


Results 


Evaluation and Screening Study 


Information 







Conduct of the Study 


 The Study provides information about fuel cycle performance 
and a logical framework to explore potential impacts of policy 
decisions 
– Provides information about potential fuel cycle performance, but does not 


make any decisions or recommendations about preferred fuel cycles 
• Developed a computer-based evaluation and screening tool to allow decision-


makers to explore the impacts of policy decisions 
– Provides information to inform R&D prioritization, but does not decide 


what R&D will be conducted 
– Bases the evaluation on fundamental fuel cycle characteristics, not 


technologies 
• E.g., once-through vs. recycle, fast vs. thermal reactor, etc. 


– Assesses performance of a fully developed and deployed alternative fuel 
cycle and provide information on development R&D  


• Does not investigate the transition from the current U.S. fuel cycle to a fully 
deployed alternative fuel cycle 
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Nine Specified Evaluation Criteria 


 Six criteria were related to the potential for benefit, evaluated for 
the fully developed and deployed fuel cycle 
– Nuclear Waste Management   


• Focused on waste generation 
– Proliferation Risk 


• Proliferation by a non-nuclear weapons state (NNWS) 
– Nuclear Material Security Risk 


• Theft of nuclear materials 
– Safety 
– Environmental Impact 


• Focused on environmental impacts not addressed by other criteria 
– Resource Utilization 


 Three criteria related to the potential challenges 
– Development and Deployment Risk 
– Institutional Issues 
– Financial Risk and Economics 


• For continuing deployment and operation of the fuel cycle, not transition issues 
6 
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Study Approach 


7 


      


Nine Specified 
Evaluation Criteria


Define 25 
Evaluation Metrics*


Develop 
Comprehensive Set 
of Fuel Cycle 
Options*


Define 40 
Evaluation Groups


Generate Metric Data for 
the 40 Evaluation Groups


Establish Potential 
Benefits and Challenges 
for 40 Evaluation Groups


Define  Ranges of Metric 
Weighting for each Criterion 
and Criteria Weighting for 15 
Multiple Criteria Scenarios


Screen to Identify 
Promising Options


Identify R&D Needs


Key Insights About 
Fuel Cycles


* Included Input from Outside DOE-NE
Note:  All Activities were Reviewed by the IRT


Fuel Cycle Options
Criteria and Metrics
Evaluation
Screening







Development of a Comprehensive 
Set of Fuel Cycle Options 


 Fuel cycle options were specified at the functional level, not at 
the technology level, to facilitate development of a 
comprehensive set for fuel cycle performance  
– “Once-through using enriched-U fuel in thermal critical reactors” 


• NOT “once-through using enriched U oxide fuel in light water reactors” 
– “Continuous recycle of U/Pu with new natural-U fuel in fast critical 


reactors” 
• NOT “continuous recycle of U/TRU metallic fuel with new natural-U metallic 


fuel in a sodium-cooled fast reactor and with electrochemical reprocessing of 
the used fuel” 


 Six fundamental principles characterized those aspects of the 
nuclear fuel cycle that have the potential to affect performance 
1. Once-through or recycle (limited or continuous) 
2. Critical and/or sub-critical (externally driven systems) 
3. Neutron spectrum for irradiation (thermal, intermediate, or fast) 
4. Uranium and/or thorium 
5. Need for uranium enrichment 
6. Recycle elements (for recycle fuel cycles) 
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 Each fuel cycle “option” developed using this approach is 
actually a fuel cycle group representing a (possibly large) group 
of specific fuel cycles 
– A specific fuel cycle has all implementing technologies and performance 


parameters defined 
 This approach identified 4398 initial fuel cycle groups that 


represented the entire range of fuel cycle performance 
– 30 Once-through fuel cycle groups 
– 336 Single-stage recycle fuel cycle groups (limited and continuous) 


• Only one reactor , or “stage”, e.g. a thermal reactor only 
– 4032 Two-stage recycle fuel cycle groups (limited and continuous) 


• Two reactors, e.g., thermal and fast reactors 
 These fuel cycle groups were subsequently collected into 40 


“Evaluation Groups”, still representing the entire range of fuel 
cycle performance 
– Collected based on similarity of performance for the criteria and metrics 


The Comprehensive Set of Fuel 
Cycle Options  


9 







Evaluation Metrics 


 Evaluation Metrics were developed for each Evaluation Criterion 
– Evaluation Metrics designed to capture the important issues for each 


Criterion, e.g,  
• Waste masses and activity for the Nuclear Waste Management Criterion 
• Material attractiveness for the Proliferation Risk Criterion 
• Hazards and safety challenges for the Safety Criterion 
• Fuel resources required for the Resource Utilization Criterion 


– An initial set of Evaluation Metrics was developed, followed by external 
reviews and comments/suggestions 


– Evaluation Metric Data that used bins with data ranges rather than 
discrete values – appropriate for indicating the performance potential of 
groups of fuel cycles 


 Metric Data was developed for all 40 Evaluation Groups 
– Informed by detailed analyses on an example from each group 


• Only the irradiation environment technology was specified for the analyses 
• The remainder of the fuel cycle was specified at the functional level, e.g., what 


is separated and recovered, not how it was done  10 
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Evaluation Metrics 
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Nuclear Waste Management  
• Mass of SNF+HLW disposed per energy generated  
• Activity of SNF+HLW (@100 years) per energy 


generated  
• Activity of SNF+HLW (@100,000 years) per energy 


generated  
• Mass of DU+RU+RTh disposed per energy 


generated  
• Volume of LLW per energy generated  
Proliferation Risk  
• Maximum FOM1 (nominal fuel cycle material) 
• Maximum FOM1 (material with mis-use of 


technology included in the fuel cycle) 
• Maximum FOM1 (material with clandestine use of 


any technology) 
• Ease of Obtaining Attractive Materials 
Nuclear Material Security Risk  
• Maximum FOM1 (nominal fuel cycle material) 
• Activity of SNF+HLW (@10 years) per energy 


generated 
Safety  
• Challenges of addressing safety hazards 
• Safety of the deployed system 
 Resource Utilization  
• Natural Uranium required per energy generated  
• Natural Thorium required per energy generated  


 


Environmental Impact  
• Land use per energy generated  
• Water use per energy generated  
• Carbon emission - CO2 released per energy 


generated  
• Radiological exposure - total estimated worker dose 


per energy generated (as leading indicator for 
public dose potential)  


Development and Deployment Risk  
• Development time  
• Development cost  
• Deployment cost from prototypic validation to 


FOAK commercial  
• Compatibility with the existing infrastructure  
• Existence of regulations for the fuel cycle and 


familiarity with licensing  
• Existence of market incentives and/or barriers to 


commercial implementation of fuel cycle processes  
Institutional Issues  
• Compatibility with the existing infrastructure  
• Existence of regulations for the fuel cycle and 


familiarity with licensing  
• Existence of market incentives and/or barriers to 


commercial implementation of fuel cycle processes 
Financial Risk and Economics  
• Levelized Cost of Electricity at Equilibrium   
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Metric Data 


 Metric Data was developed for the 40 Evaluation Groups and the 
25 Evaluation Metrics  


 The Metric Data assumed that all fuel cycles were implemented 
“well” 
– Assumes that technology and design choices for implementation would 


be made recognizing the impact on the evaluation metrics, with 
favorable choices being used 


– Any fuel cycle can be implemented well or poorly, with poorly 
implemented fuel cycles not achieving the performance of a well-
implemented fuel cycle 


 Detailed analyses of “Analysis Examples” for each Evaluation 
Group informed the Metric Data 
– Irradiation environment was specified, such as LWR or SFR 
– All other parts of the fuel cycle were described at the functional level 


 
 







Observations for the Benefit Criteria 


 Several observations on the benefit criteria were made as a 
result of developing the Metric Data 
– Three of the criteria, Proliferation Risk, Nuclear Material Security Risk, 


and Safety, were not affected by the choice of fuel cycle, as long as the 
fuel cycle was implemented “well” 


• Assumes that technology and design choices for implementation would be 
made recognizing the impact on the evaluation metrics, with favorable choices 
being used 


• Any fuel cycle can be implemented well or poorly, with poorly implemented 
fuel cycles not achieving the performance of a well-implemented fuel cycle 


– The Environmental Impact criterion was only modestly affected by 
choice of fuel cycle 


– Only the Nuclear Waste Management and Resource Utilization criteria 
were strongly affected by choice of fuel cycle 


 Again, performance benefits for the benefit criteria were assessed for 
fully developed and deployed alternative fuel cycles 


– Does not investigate the transition from the current U.S. fuel cycle to a fully 
deployed alternative fuel cycle 14 







Insights – 1 


 Continuous recycle of actinide elements – the actinide elements 
(thorium, protactinium, uranium, plutonium, neptunium, 
americium, curium, and so on) are major contributors to the 
long-lived hazard from irradiated nuclear fuel, and can also be a 
source of energy 
– recycling the actinide elements benefits efficient use of fuel resources 


(up to two orders of magnitude improvement) and reduces nuclear waste 
generation (up to one order of magnitude lower) 


– Low Level Waste Generation – many fuel cycles have LLW generation 
that is within the range of experience for the current U.S. fuel cycle since 
D&D wastes are a significant part of overall LLW for a fuel cycle 


 The separations processes were assumed to have total nominal 
product losses of 1% or less to waste disposal 
– larger losses may be acceptable while still preserving sufficient benefits, 


but smaller losses may not be of further benefit 
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Insights – 2 


 Use of Materials Unattractive for Proliferation – the potential 
contribution of an alternative fuel cycle to proliferation risk and 
nuclear material security risk can be comparable to the current U.S. 
fuel cycle by requiring the use of materials unattractive for 
proliferation under normal operating conditions 
– no fuel cycle alternative was inherently capable of reducing proliferation risk, 


although the choice of implementing technology and facility design may 
impact the potential contribution of the civilian fuel cycle to proliferation risk, 
mainly through the ability to effectively and efficiently apply safeguards and 
the Additional Protocol 


 All fuel cycles are capable of safe deployment, with safety 
challenges comparable to the current U.S. fuel cycle for most 
options 
– Choice of implementing technologies and facility design may be able to 


provide enhanced safety for any fuel cycle 
 Many of the promising options may be expected to have electricity 


production costs that are similar to, or close to, the estimated 
production costs for continuing the current U.S. fuel cycle 
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Fuel Cycle Screening 


 With all of the Metric Data established, the 40 Evaluation 
Groups were screened to identify those promising options with 
the potential for substantial improvement 
– Since determination of the amount of improvement that would be 


considered substantial is dependent on the viewpoint of the decision 
makers, the identification of the promising options was “conditional”, i.e,  
• “If a given amount of improvement was considered substantial, then 


the following groups would be considered as promising, … “ 
– Identification of promising options can also depend on which criteria and 


metrics are considered important 
• A range of viewpoints was considered to explore and document the 


effects on the results 
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Beneficial Fuel Cycle Characteristics 


 For the Criteria and Metrics used in the Study, the best 
performing fuel cycles had one or more of the following 
characteristics 
– Continuous recycle of actinides (U/Pu, U/TRU, or 233U/Th) 
– Fast neutron spectrum reactors (may also include intermediate spectrum 


reactors) 
– Critical reactors 
– High internal conversion (of fertile to fissile)  
– No uranium enrichment is required once steady-state conditions are 


established  
 The potential benefits associated with thorium use in thermal or 


fast reactors are not quite as great as for uranium use in fast 
reactors 


 Some requirements for promising options include the following 
– Using materials unattractive for proliferation for normal operating 


conditions  
– Using technologies that facilitate or enhance safe design and operation  
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Challenges 


 R&D to develop technologies to the point where they are ready for 
industrialization can be several billion dollars when major engineering 
demonstration facilities are included, such as reactors, processing 
plants, and fuel fabrication plants 


 Commercialization to the first-of-a-kind plant would also cost several 
billion dollars for the major facilities 


 Any transition to a new fuel cycle from the current U.S. fuel cycle would 
take decades to achieve, depending on the rate of construction and the 
replacement of existing facilities (as needed) – however, some benefits 
may accrue much more quickly 


 The total cost of deploying a new fuel cycle will required an investment 
of several hundred billion dollars, estimated to be comparable to, or 
somewhat greater than, replacing the current U.S. reactor fleet with new 
LWRs 


 Any promising fuel cycle option faces institutional issues related to the 
lack of regulations / licensing experience and the lack of supporting 
infrastructure 
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Closing Remarks 


 The report was completed on May 31, 2014 and we are awaiting DOE 
approval to release it publicly. 


 The interactive computer software (Excel-based) and the supporting 
metric data are also planned to be made available at the same time 
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FY 14 Funding by Control Account 


Control Account 
 PY CO 
Funds 


 FY14 
Funds  Total Available 


CX $232,294 $900,000 $1,132,294 
1.02.08.01 - CX Campaign Management $232,294 $900,000 $1,132,294 


DR $2,991,870 $9,705,000 $12,696,870 
1.02.08.04 - DR Engineered Material Performance $471,788 $1,145,000 $1,616,788 
1.02.08.06 - DR Argillite Disposal R&D $524,171 $1,400,000 $1,924,171 
1.02.08.07 - DR Crystalline Disposal R&D $342,488 $1,710,000 $2,052,488 
1.02.08.08 - DR Generic Disposal System Analysis $463,012 $990,000 $1,453,012 
1.02.08.11 - DR International Disposal R&D $62,364 $605,000 $667,364 
1.02.08.14 - DR Regional Geology R&D $132,008 $600,000 $732,008 
1.02.08.16 - DR Disposal of Dual Purpose Canisters $181,646 $1,275,000 $1,456,646 
1.02.08.17 - DR Deep Borehole Disposal  $113,141 $610,000 $723,141 
1.02.08.18 - DR Salt R&D  $264,685 $1,320,000 $1,584,685 
1.02.08.23 - DR UNF and HLW Disposal Option Evaluation $436,567 $50,000 $486,567 


ST $1,127,426 $14,095,000 $15,222,426 
1.02.08.02 - ST Field Demonstration Support $616,014 $2,500,000 $3,116,014 
1.02.08.05 - ST Experiments $347,785 $3,655,000 $4,002,785 
1.02.08.10 - ST Analysis  $114,226 $2,130,000 $2,244,226 
1.02.08.13 - ST Transportation $42,608 $1,810,000 $1,852,608 
1.02.08.15 - ST Security $6,793 $200,000 $206,793 
1.02.08.20 - ST High Burnup Cask Demo Project $3,800,000 $3,800,000 


Grand Total $4,351,590 $24,700,000 $29,051,590 
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UFD NEUP Projects 


Projects Funded Total 
2011 $7,203,163 


5.01.02.04.01 - (11-3117) Life Prediction of Spent Fuel Storage Canister Material  -  MIT  $899,826 
5.01.02.04.02 - (11-3180) Quantification of cat ion sorption to engineered barrier materials under extreme conditions  -  CU   $1,171,380 
5.01.02.04.03 - (11-2987) Anisotropic azimuthal temperature distribution on fuel rod: impact on hydride distribution   -  PSU  $631,957 
5.01.02.06.01 - (11-3278) Fuel Aging in Storage and Transportation (FAST) of Used Nuclear Fuel -  TAMU $4,500,000 


2012 $7,363,320 
5.01.02.04.01 - (12-3756) Seismic Performance of Dry Casks Storage for Long-Term Exposure  -  UU   $873,320 
5.01.02.04.02 - (12-3528) Radiation and Thermal Effects on Used Nuclear Fuel and Nuclear Waste Forms  -  UTK  $770,000 
5.01.02.04.03 - (12-3298) Optimization of Deep Borehole Systems for HLW Disposal  -  MIT  $850,000 
5.01.02.04.04 - (12-3736) Nonlinear Ultrasonic Diagnosis and Prognosis of ASR Damage in Dry Cask Storage  -  NU   $885,000 
5.01.02.04.05 - (12-3361) Coupling nuclear waste corrosion and radionuclide transport in repository sediments  -  WSU  $885,000 
5.01.02.04.06 - (12-3545) Concrete Materials For Extended Nuclear Fuel Storage Systems  -  UH   $800,000 
5.01.02.04.07 - (12-3660) Simulations to Predict Used Nuclear Fuel Cladding Temperatures  -  UNR  $745,000 
5.01.02.04.08 - (12-3374) Validation Experiments for Spent-Fuel Dry-Cask In-Basket Convection   -  USU  $690,000 
5.01.02.04.09 - (12-3730) Probabilistic Multi-Hazard Assessment of Dry Cask Structures  -  UH   $865,000 


Grand Total $14,566,483 
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Milestones in 2013 


Level Number of Milestones Number Missed 


M2 26 0 


M3 46 10 


M4 63 20 


M5 1 1 


Grand Total 136 31 
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M2 Milestones by Control Account 


Control Account Total 
M2 


1.02.08.01 - Mgmnt & Integration 1 
1.02.08.02 - Field Demonstration Support 3 
1.02.08.04 - Waste Form Degradation Modeling 1 
1.02.08.05 - Experiments 5 
1.02.08.06 - Argillite Disposal R&D 3 
1.02.08.07 - Crystalline Disposal R&D 2 
1.02.08.07 - Crystalline Disposal R&D International 1 
1.02.08.08 - DR Generic Disposal System Analysis 1 
1.02.08.10 - Analysis  2 
1.02.08.11 - International Collaborations Integration & Coordination 1 
1.02.08.13 - Transportation 1 
1.02.08.14 - Regional Geology R&D 2 
1.02.08.16 - DR Disposal of Dual Purpose Canisters 1 
1.02.08.17 - DR Deep Borehole Disposal  1 
1.02.08.18 - DR Salt R&D  1 
1.02.08.20 - High Burnup Cask Demo Project 3 


Grand Total 29 
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Milestones by Site and Funding 


Site  FY14 Funds Milestones 


ANL $1,250,000 1 


DOE-ID $4,075,000 3 


INL $1,755,000 3 


LANL $2,530,000 3 


LBNL $2,015,000 1 


LLNL $640,000 0 


ORNL $1,500,000 1 


PNNL $3,020,000 2 


SNL $7,240,000 15 


SRNL $675,000 0 


Grand Total $24,700,000 29 
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Data to be Monitored 


 Fuel cladding temperature (indirect via thermocouple lances) 
 Cavity gas monitoring is being evaluated 


• Temperature 
• Composition 


– Fission gasses 
– Moisture 
– Hydrogen 
– Oxygen 


• Pressure 
Active methods for sampling the gas were analyzed 
Use of remote sensors were evaluated to gather the needed data 
Gas sampling on the pad is still be investigated 
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High Burn-up Project 


Three meetings have been held to develop a focus on several 
conceptual monitoring ideas: 
 EPRI/Extended Storage Collaboration Meeting; December 6, 2013, 


Charlotte, NC 
• Industry, DOE, DOE-labs, International (NNL, IAEA) NRC in attendance 
• Open meeting to solicit potential cask/canister monitoring techniques and ideas for the High 


Burnup Dry Storage Demonstration project 


DOE/EPRI project meeting; January 9, 2014, Las Vegas, Nevada 
• Further discussed conceptual ideas – DOE laboratories focus 


• Established a process to down select conceptual ideas for consideration 
• Resolved comments received on the Draft Test Plan 


DOE labs meeting; January 23, 2014, Las Vegas, Nevada 
• Selected four main categories for consideration for the HBU demonstration 


• Passive, external to cask 
• Passive, internal to cask 
• Active, external to cask 
• Active, installed within the cask lid 


DOE received the Final Test Plan on Feb 28, 2014 
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Planned Fuel for Storage 


Cladding  
Material 


Burnup 
Range 


(GWD/MTU) 


Number of 
Assemblies 
Available 


Last Irradiation Manufacturer 


Standard 
Zircaloy-4 53-58 3 1989 Westinghouse 


Zirlo 51-55 20 2004-2007 Westinghouse 


M5 52-67 11 2001-2010 AREVA 


Low-tin 
Zircaloy-4 49-50 3 1994 Westinghouse 


Candidate Fuel Assembly Types 
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Similar Rod Testing 


 Testing of similar rods as those to be loaded in the cask 
• Some fuel rods (25 or less) will be shipped in existing licensed cask to a hot cell 


for baseline rod characteristic data 
• Some rods will come from sister assemblies and some rods from assemblies to 


be stored in the TN-32 
• Location to receive the shipment is still under discussion 


Ultimate goal 
• Ship to an offsite facility for continued monitoring and fuel characteristic 


examinations 
• Prevent re-wetting of the fuel 


 Schedule for obtaining pins of similar nature as to be loaded in the cask 
(similar pins) 
• Similar pins will be pulled in 2015 
• Similar pins will be shipped in 2015 or 2016 
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Current Schedule 


High Level Minestones 
• 12/31/2014 TN complete DLBD 
• 7/31/2015 Dominion submits LAR to NRC 
• 1/31/2017 Dominion receives approved SER 
• 6/30/2017 Dry run and functional tests complete 
• 7/31/2017 Cask loading complete  
• 8/21/2017 Cask emplaced at pad 
• 4/16/2018 Current EPRI contract expires 
• 2018-2028  Continue to monitor and gather data 
• 2028  Open cask for examination 
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Fuel Cycle Research and Development 
 
Separations and Waste 
Forms/Materials Recovery 
and Waste Form Development 
Campaign Update 
Terry Todd and John Vienna 
 
 
Used Fuel Disposition Working Group Meeting 
Las Vegas, NV, June 4-6, 2014 
 







Campaign Objectives 


 Campaign transitioning from SWF to MRWFD in FY14 
 Develop advanced nuclear material recovery and waste 


management technologies that improve current fuel cycle 
performance and enable a sustainable fuel cycle, with minimal 
processing, waste generation, and potential for material diversion 
to provide options for future fuel cycle policy decisions 


 Campaign strategy is based on developing:  
– Technologies for economical deployment  


• concept through engineering-scale  
demonstration  


– Capabilities for long-term  
science-based, engineering driven  
R&D, technology development and 
 demonstration  


– People to provide the next generation  
of researchers, instructors, regulators  
and operators 
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Material 
Recovery 


Open/Closed 
Fuel Cycles 


Environmental 


National 
Security 







Alternative Fuel Cycles 


Mining 


LWR 


Wet & Dry 
Storage 


Conversion & 
Enrichment 


Fuel 
Fabrication 


• Develop technical options to enable 
advanced fuel cycles and support future 
decisions on fuel cycles 


• Maintain expertise and infrastructure so 
options are available to the U.S. if we 
decide to implement it in the future. 


Repository 
Disposal 


Adv Reactor 
Fuel Fab 


Adv Reactor LWR Fuel 
Reprocessing 


Adv Reactor 
Fuel 


Reprocessing 


NU 


LEU 


DU 


U, Pu, MA 


SNF 


HLW 


DU 


HLW 


UNF 







Opportunities for Once-
Through Fuel Cycle 


 Uranium resources 
– Seawater has very large supply, but very low concentrations 
– Can establish an upper bound of uranium costs  


 Tritium management from high-volume water streams 
– Reactor operation, nuclear accident, reprocessing without pretreatment 


 Long-term performance of glass in disposal environment 
– Increase options for defense HLW disposal, reduce environmental impact 


and repository cost for commercial UNF reprocessing 
 Off-gas management  


– Any fuel treatment options including reprocessing (I, HTO, Kr), Mo-99 
medical isotope production (Xe and I), nuclear accident recovery (I) 







Continuous Recycle 
Key Technology Gaps 


Minor Actinide  
Separations 


from LWR Fuel 


Off-gas  
Management 


FR Fuel  
Separations 


Waste Forms 
& Processes 


Present Future 


Fundamental 
Understanding 


Cost Effective 
and Appropriate  


for Industry  
Deployment 







Campaign Structure 
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Campaign Mgt 
& Integration 


Reference Tech 
& Alternatives 


Minor Actinide 
Sigma Team 


Off-Gas  
Sigma Team 


Advanced WF  
& Processes 


Waste Form 
Characterization 


Fund Science  
& Mod/Sim 


Domestic Echem 
Process 


Fuel Resources 


• Provide technical leadership in separations and waste forms, leading to effective options for future fuel cycles 
• Manage Campaign research and development to include: prioritization, planning, reporting, and technical reviews 
• Collaborate with university researchers, other campaigns, program offices, and international organizations 


• Provide a framework and data to evaluate technology improvements, performance targets, and identify gaps 
• Develop and demonstrate material recovery technologies that enable processing a broad range of fuels with 


stringent separation requirements (focused on aqueous processing of LWR oxide fuel) 


• Develop and demonstrate technologies that enable TRU separations from LWR fuel 
• Develop cost effective separations processes for minor actinide recycle 


• Develop and demonstrate technologies that enable fuel treatment under current regulatory environment 
• Develop cost effective solutions to off-gas management from fuel treatment and other nuclear applications 


• Develop next generation, high performance, waste forms consistent with advanced separations technologies 
• Demonstrate waste processes cost effective, reliable fabrication of next generation waste forms 


• Enhance disposal options for existing and high-performance waste forms 
• Develop fundamental understanding of waste form behavior in a variety of disposal environments 
• Work with international partners to develop consensus degradation rate models(s) 


• Develop advanced methods and fundamental understanding of separation chemistry and processes 
• Develop predictive models based on fundamental data 


• Develop and demonstrate deployable and sustainable technology to enable recycle of U/TRU for metal fast 
reactor fuel   


• Develop and demonstrate extractants and engineered systems to further improve performance and lower cost 
supply of uranium from seawater 







Key Recent Accomplishments 


 Generated a high volume of very 
high impact research 
– respected world-wide  
– 80 journal articles, 77 research 


reports, 9 patents in FY13 
 Issued annual “Separations  


and Waste Forms FY2013 
Accomplishments Report” 
in December (2013) 
– describes recent accomplishments 


across the campaign with sufficient 
detail to understand the context 
and significance 


 Some key accomplishments are 
summarized below 
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Key Recent Accomplishments: 
Reference Technologies and Alternatives 


 Full Recycle Case Study Flowsheet 
– technology selection for two flowsheet options (current and near-term target) 
– mass balance for aqueous processes (electrochemical and waste 


management mass balances in FY14) 
– listed and prioritized technology gaps 


 Performed lab-scale demo of on- 
line monitoring process 
– TALSPEAK process  
– single stage centrifugal contactor  
– monitored Nd chemistry and pH in  


aqueous feed/raffinate and organic  
feed/product streams with Raman  
and UV-Vis spectroscopy 


 Completed demonstration of  
micro-fluidic sampling system 
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Key Recent Accomplishments: 
Minor Actinide Sigma Team 


 Completed proof-of-principle  
batch experiment of ALSEP,  
one-step process for AN/LN  
removal process 
– solvent extracts Am+Ln  


from >1 M HNO3; HEDTA  
strips Am from Ln at pH 3–4 


 
 Am(VI) extracted from  


Ln(III) and Cm(III) using 
bismuthate treated  
simulant 
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ALSEP Extraction ALSEP Strip 







Key Recent Accomplishments: 
Off-Gas Sigma Team 


 Initiated study to elucidate mechanism of 
CH3I adsorption on AgZ 
– Acid site on zeolite (Al-O(H)-Si) catalytically 


cleaves the CH3-I to release iodine 
– Iodine adsorbs as AgI and the –CH3 reacts 


with zeolite acid site to form a surface methoxy 
species that can later react with water to form 
methanol and other organo-species 


– AgI-Z formed; passing downstream: methanol, 
dimethyl ether, methyl nitrate, HI and I2 


 Demonstrated consolidation of Ag 
functionalized silica aerogel into fused  
SiO2 with encapsulated AgI-nanoparticles 


 Completed evaluation of tritium and iodine 
co-adsorption on 3AMS and AgZ 
– developed flowsheet capable of 


separating two distinct waste streams 
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Invited to Special Issue: Nenoff, et. al., 
Micro. Meso. Materials, in press, 2014. 







Key Recent Accomplishments: 
Advanced Waste Forms and Processes 


 Evaluated the phase formation  
sequence for proposed glass- 
ceramics HLW form 
– proceeds from single-phase melt to  


multi-phase (immiscible) melt to multi- 
phase glass ceramic 


 Developed reference Synroc  
composition for melt processing 
– melts at T ≤ 1500°C 
– forms correct crystalline phases on  


normal cooling from melt 
– avoids water soluble Cs-Mo phase  


 Completed initial proof-of-principle 
chemical declading test using Cl2 
– DF’s ranged from 103 to 105 
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Key Recent Accomplishments: 
Glass Performance 


 Measured Li interdiffusion in glass using DMSO as non-reacting 
solution, results used to parameterize models 
 


 Characterized composition  
of alteration layer theorized  
to act as transport barrier 
establishing residual glass  
dissolution rate  
 
 


 Developed initial model for r ∝ ΔGr consistent with rate reduction in 
saturated solutions and impacts of phase precipitation events 
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attenuated by reactant diffusion and the reaction affinity of rate-controlling reactions 


bulk glass 


red = barrier layer 
Nano-SIMS of cross-section of corroded SON68 glass showing            
(left) surface enrichment of  28Si, (center) total depletion of B at 


surface, and (right) inner layer theorized to provide transport barrier 


29Si/28Si 10B16O2 


~20 nm  







Key Recent Accomplishments: 
Metal Performance 


 Completed electrochemical 
experiments with reference alloy 
materials 


− measured specific effects of Mo, U, Zr,  
Cr, Ni, and Ti on phases and durability 


 


 Issued alloy waste form testing 
roadmap 


− technical basis and experimental approach 
to develop and parameterize degradation 
model 


 


 Developed initial model of radionuclide release from alloy waste 
forms 
 


 
 Measured formation and stability of passivating films from 


electrochemical impedance measurements 
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Evolving properties of passive surface layer after 
0.3, 1.5, and 3.8 days corrosion measured with 


electrochemical impedance spectroscopy 
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Bare surface oxidation rate  is moderated by passivation and dissolution affinity 







Key Recent Accomplishments: 
Fundamental Science and Methods 


 Waste Forms Fundamental Science/Modeling and Simulation 
projects moved to UFD for FY14 
– 1st principles glass corrosion modeling, metal corrosion mechanism, 


microcontinuum modeling of glass corrosion, comprehensive corrosion 
modeling, interface to generic PA models (discontinued waste form stability 
under β-γ decay in FY14) 


 Fundamental radiation chemistry 
– Performed experiments to determine effects of  


[HNO3] on CMPO radiolysis.  Increasing HNO3  
appears to “protect” CMPO.  When the system  
is oxygenated there is virtually no CMPO  
degradation 


– Performed alpha radiation degradation experiments  
using He ions beam, Cm, At and B(n,α)Li reaction:  
in all cases α radiolysis effects less severe than γ  
radiolysis effect 


 Thermodynamics and kinetics of aqueous separations processes 
– Continue development of fundamental TD data for common SX systems 
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Key Recent Accomplishments: 
Domestic Electrochemical Processing 
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 U/TRU co-deposition successfully 
demonstrated at the gram scale  


 Focus has shifted to evaluation of process 
on the kilogram scale using uranium and a 
TRU surrogate (rare earths) 


 Designed and fabricated a test apparatus to 
evaluate simultaneous U deposition and 
U/TRU (REE) co-deposition 
– Installation complete, testing started 


 Key design features 
– Multiple planar anode baskets 
– Multiple U deposition cathode rods 
– Periodic scraping of U cathode deposit 
– Single cathode for U/TRU product 
– Removal of U/TRU cathode + product along 


with removal of scraped U product Sketch of co-deposition test system 







Key Recent Accomplishments: 
Fuels Resources 


 Uranyl binding affinity predicted by DFT calculations as part of 
materials design effort 


 New UT sorbent obtained 5.4 g-U/kg-adsorbent after 7 week 
exposure to seawater (initial results need to be confirmed) 


 Developed new weave technology for higher effective surface area  
 Began development of less aggressive strip methods for longer 


useful live of sorbent material 
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ORNL Sorbent 
Out Performs  
Japanese by 3× 







Ongoing NEUP Collaborations 
(FY-09 through FY-12 project starts) 


Reference Tech  
& Alternatives 


Minor Actinide  
Sigma Team 


Off-gas Sigma Team 


Fund. Science &  
Mod/Simulation 


Waste Form 
Characterization 


Fuels Resources 


Domestic Echem 


UMC: Kr, I, C 
sequestration 


WSU: Act. 
partitioning 


PSU: Glass 
corrosion 


UW: Salt 
Thermokinetic 


UNLV: Kr/Xe 
abs model 


UMich: I-129 
Apatite WF 


UCI: Micro-
emulsions 


SU: Sorption 
Models 


AU: Corrosion 
surfaces 


WSU: Adv. 
Characterization WSU: Ligand 


Design 


UCLB: Ligand 
Radiolysis 


NWU: Sulfides 
for I capture 


UNLV: Tc 
ceramics 


UNLV: Metal 
corrosion 


AU: Ceramic 
waste forms 


UCB: U  
Ligand Design UNC: Novel U 


Sorbents 


UMary: 
Extraction Syst. 
CUNY: Polymer 


Extractants 


UA: Chitin 
Absorbate UI: Elution 


Process 


NU: Chalcogel 
Sorbents Advanced Waste 


Forms and Processes 







FY-13 New Start NEUP 
Collaborations 


Reference Tech  
& Alternatives 


Minor Actinide  
Sigma Team 


Off-gas Sigma Team 


Fund. Science & 
Mod/Simulation 


Waste Form 
Characterization 


Fuels Resources 


Domestic Echem 
Processing 


OSU: ALSEP 
Speciation 


PSU: Glass 
corrosion 


UC Davis: 
Nanoporous Materials 


TAMU: Ion 
Exchangers 


UI: Nano-structured 
Sorbents 


UMary: 
Extraction Syst. 


UC: Novel Porous 
Sorbents 
CUNY: 


Aminophophinates 


UA: Chitin 
Absorbent UI: Elution 


Process 


WSU: Zr Chem. 
in MA Partitioning 


WHOI: Real 
Ocean Cond. 


Advanced Waste 
Forms and Processes 


UNT: Glass 
Surf Modeling 


UIC: Metal 
Composite WF 


UT-Austin: 
Cost Model 







International Collaborations 


Reference Tech  
& Alternatives 


Minor Actinide  
Sigma Team 


Off-gas Sigma Team 


Fund. Science & 
Mod/Simulation 


Waste Form 
Characterization 


Fuels Resources 


Domestic Echem 
Processing 


EU: 
SACSESS* 


Belgium, France, Germany,  
Japan, UK: Glass Corrosion 


France: Iodine capture 
and Immobilization 


Japan: Adv. 
Ligand Dev. 


China: Iodine and 
Tritium Capture 


Japan: U-
seawater 


China: U-
seawater 


France: Benchmark 
MA Sep. Approaches 


Advanced Waste 
Forms and Processes 


Russia: Glass 
Corrosion 


IAEA: CRP on 
HLW Forms 


Australia: 
Ceramic WF 


Russia: 
Electrochemical 


EU: Rad 
test loop 


France: On-
line Monitor 


Russia: On-
line Monitor 


France, Zr 
Recycle 


* Awaiting official authorization to participate in SACSESS 
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Used Fuel Disposition Campaign  


US DOE NE53 Document Review 
Requirements for M1 and M2 
Milestone Reports 


Mark Tynan, US DOE NE 53 
Kevin McMahon, Sandia National Laboratories 
 
Used Fuel Disposition Working Group Meeting 
June 6, 2014 
UNLV 
 


Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for 
the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.  SAND 2014-4437C 







Used 
Fuel  
Disposition  


June 2014 UFD WG Meeting 
UNLV 
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NE 53 Document Completion 
Flowchart – SNL Specific 


Complete document 


NE 53 
Approves for 


Release? 
NO YES 


1Programmatic reviewed documents do not get sent to OSTI by SNL 
2Formal reviewed documents get sent to OSTI by SNL 


1. Send to SNL FORMAL2 R&A 
2. Update document with SAND 


number. 
3. Update PICSNE for completion 
4. If document is original (no 


revisions) upload document in 
PICSNE 


5. If document was revised, upload 
revised document in DMS 


M3,M4,M5 


1. Send to SNL PROGRAMMATIC1 R&A 
2. Update PICSNE for completion  
3. Upload document in PICSNE 
4. Send document to NE53 Technical 


Lead 
5. Send notice to NE53 for review and 


approval (accessed by NE53 in 
PICSNE) 


M1  M2 
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Complete document 


NE 53 
Approves for 


Release? 


1. Send to Lab R&A process that 
results in OSTI delivery. 


2. Update document with lab tracking 
(doc ) number. 


3. Update in PICSNE for completion 
4. If document is original (no revisions) 


upload document in PICSNE 
5. If document was revised, upload 


revised document in DMS 


NO YES 


M3,M4,M5 


1. Use a process that allows for the release 
of the “draft” to NE53 but will not result in 
the document going to OSTI 


2. Update PICSNE for completion  
3. Upload document in PICSNE 
4. Send document to NE53 Technical Lead 
5. Send notice to NE53 for review and 


approval (accessed by NE53 in PICSNE) 


M1  M2 
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FY14 UFD Control Account Leads 
with DOE Technical Leads 
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CONTROL 
ACCOUNT WBS CONTROL ACCOUNT TITLE CAM TECH LAB LEAD DOE TECH LEAD 
1.02.08.01 CX Campaign Management Swift Swift Larson 
1.02.08.02 ST Field Demonstration Support Sorenson Marschman Larson 
1.02.08.04 DR Engineered Material Performance McMahon Sassani Price 


1.02.08.05 ST Experiments Sorenson Hanson Monroe-Rammsy 
1.02.08.06 DR Argillite Disposal R&D McMahon Jove-Colon Spezialetti 
1.02.08.07 DR Crystalline Disposal R&D McMahon Wang Spezialetti 
1.02.08.08 DR Generic Disposal System Analysis MacKinnon Freeze Tynan 
1.02.08.10 ST Analysis Sorenson Wagner Stockinger 
1.02.08.11 DR International Disposal R&D McMahon Birkholzer Nair 
1.02.08.13 ST Transportation Sorenson McConnell Orchard 
1.02.08.14 DR Regional Geology R&D McMahon Perry Murthy 
1.02.08.15 ST Security Sorenson Duran DeLaGarza 
1.02.08.16 DR Disposal of Dual Purpose Canisters MacKinnon Hardin Clark 
1.02.08.17 DR Deep Borehole Disposal R&D MacKinnon Arnold Xuan 
1.02.08.18 DR Salt R&D MacKinnon Leigh Nair 
1.02.08.22 UNF Assessment Capabilities Wagner Wagner Larson 
1.02.08.23 UNF and HLW Disposal Option Evaluation Swift Swift Gunter 
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 https://gnepdms.inl.gov:8443/webtop/ 
– DMS - Document Management System; NE53 Document Archive 


 http://energy.gov/ne/office-nuclear-energy 
– NE (Nuclear Energy) homepage 


 http://energy.gov/ne/nuclear-reactor-technologies/fuel-cycle-technologies 
– FCT (Fuel Cycle Technologies) homepage 


 http://energy.gov/ne/fuel-cycle-technologies/used-fuel-disposition-research-development 
– UNFD (Used Nuclear Fuel Disposition) Homepage; Level 2 Milestones (M2) UNFD ( Boyle, 


NE53, WBS 1.02.08) 
 http://www.osti.gov/home/ 


– OSTI 
 http://curie.ornl.gov/ 


– CURIE - Centralized Used Fuel Resource for Information Exchange; documents, calendars, 
SNL Siting Experience Database, other related to S&T Analysis UNFD R&D (Boyle, WBS 
1.02.08) and S&T RDD (Williams, WBS 1.02.09).  Includes 
http://curie.ornl.gov/content/transportation-routing-analysis-gis-tragis, Transportation Routing 
Analysis GIS (TRAGIS); see  https://webtragis.ornl.gov/tragis/app/login to request account. 


 http://www.id.energy.gov/groundWater/ 
– Analysis of Postclosure Groundwater Impacts for a Geologic Repository for the Disposal of 


Spent Nuclear Fuel and High-Level Radioactive Waste 


Information Sources / Archives 
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Used Fuel Disposition R&D Campaign 
Working Group Meeting 
 
Introduction 
 
Peter Swift 
National Technical Director 
Used Fuel Disposition R&D Campaign 
 
Las Vegas, Nevada 
June 4, 2014 
 


Sandia National Laboratories is a multiprogram laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the United States Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND 2014-4347P 
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Outline of Presentation 


 Meeting Objectives and Approach 
 


 Where we fit in the DOE Office of Nuclear Energy 
– Mission and Objectives 


 


 Current Status of the UFD campaign 
– FY14 organization 
– FY15 planning 


 


 Program management topics 
– Review of the PICSNE reporting process, and thank you to the Work Package Managers 
– A comment on the importance of process 
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Meeting Objectives 


 Objectives 
– Address communication challenges 


• Geographically dispersed team 
• Broadly focused mission 
• Diverse R&D topics 


– Communication between campaign management and researchers 
• Provide clear information about strategic plans, budget possibilities, R&D 


needs 
– Communication between lab and federal staff 


• Accomplishments for FY14, plans for FY15, expectations regarding multiyear 
planning 


– Communication among multiple campaigns and crosscutting activities 
• Used Fuel Disposition, Nuclear Fuel Storage and Transportation Planning 


Project, Material Recovery/Waste Form, Fuel Cycle Options, QA 
– Communication among researchers with common interests 


• Researchers from the NE University Programs are here for the first time 
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Meeting Approach 


 Comments on previous meetings 
– What we’ve been doing in the past has worked 
– Limit plenary sessions to information needed by all 
– Provide opportunities for focused technical discussions 


 The plan 
– Full-group presentations on the first and last days only 


• Opportunity for campaign management to provide basic information and strategy 
• Opportunity for questions and discussion; all topics are welcome 
• Updates from other campaigns:  NFST, Fuel Cycle Options, Material Recovery/Waste Forms 
• Programmatic Updates:  documentation and quality assurance 


– Topical break-out sessions Wednesday afternoon and Thursday 
• In-depth discussions 
• Space is available for impromptu meetings:  contact campaign management for help 


– Reconvene as a full group for Friday morning session 
• Updates on programmatic topics 
• Update from Material Recovery/Waste Form Campaign 
• Updates from the Storage/Transportation and Disposal Leads 
• Closing comments 
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Welcome to the NEUP 
Researchers 


 UFD R&D is affiliated with 19 active NEUP research projects, plus the Integrated 
Research Project 


– 11 projects in Storage R&D 
– 2 projects in Transportation R&D 
– 6 projects in Disposal R&D 
– 1 Integrated Research Project in Storage R&D 


 Breakout sessions this afternoon (room B174) will include presentations from 9 
NEUP projects 


– “Structural Performance of Spent Nuclear Fuel Casks for Long-Term Exposure,” PI-Luis Ibarra, University of Utah 
– “Multifunctional Concrete Materials with Ultra-High Damage Tolerance and Self-Sensing Capacity for Extended SNF 


Storage Systems,” PI-Mo Li, University of Houston 
– “Development of a Probabilistic Model for Dry Storage Canister Life Prediction: An Update” PI-Professor Ronald 


Ballinger, Ms. Sara Ferry (Grad Student), Dr. Sebastien Teysseyre, INL 
– “Doubling the Life of Concrete Structures,” B. Pesci (PI), K.S.Raja (Co-PI), Y.Xi (Co-PI), G-L, Song (Co-PI), University 


of Idaho 
– Development and Experimental Benchmark of Computational Methods to Predict Used-Fuel Cladding Temperatures 


under Vacuum Drying Conditions,” Miles Greiner, University of Nevada, Reno 
– “The Impacts of Pore-Scale Physical and Chemical Heterogeneities on the Transport of Radionuclide-Carrying 


Colloids,” Wu Ning, Colorado School of Mines 
– “Improving the Understanding of the Coupled Thermal-Mechanical-Hydrologic Behavior of Consolidating Granular 


Salt,” John Stormont, University of New Mexico 
– “Quantification of Actinide Sorption to Engineered Barrier Materials Under Extreme Conditions,” Brian Powell, Clemson 
– “Enhanced Shielding Performance of HLW Storage Packages via Mulit-Component Coatings,” Leigh Winfrey, Virginia 


Tech 
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Active NEUP Projects Affiliated 
with UFD R&D:  Storage 


Project  
FY-ID R&D Area Title Organization PI  Collaborators Award Date 


12-3374 Storage 
Validation Experiments for 
Spent-Fuel Dry-Cask In-Basket 
Convection  


Utah State University Barton Smith Glen Hansen (Sandia National 
Laboratory) 5/8/12 


12-3545 Storage 


Concrete Materials with Ultra-
High Damage Resistance and 
Self-Sensing Capacity For 
Extended Nuclear Fuel 
Storage Systems 


University of Houston Mo Li 


Kalyana Nakshatrala (University of 
Houston) 
Kaspar Willam (University of Houston) 
Yunping Xi (University of Colorado-
Boulder) 
Dan Naus (Oak Ridge National 
Laboratory) 


5/8/12 


12-3660 Storage 


Development and 
Experimental Benchmark of 
Simulations to Predict Used 
Nuclear Fuel Cladding 
Temperatures during Drying 
and Transfer Operations 


University of Nevada, 
Reno Miles Greiner   5/8/12 


12-3730 Storage 
Probabilistic Multi-Hazard 
Assessment of Dry Cask 
Structures 


University of Houston Bora Bencturk 


Jamie Padgett (Rice University) 
Rizwan Uddin (University of Illinois-
Urbana Champaign) 
Kaspar Willam (University of Houston) 


5/8/12 


12-3736 Storage 


Nonlinear Ultrasonic 
Diagnosis and Prognosis of 
ASR Damage in Dry Cask 
Storage 


Northwestern 
University Jianmin Qu 


Laurence J. Jacobs (Georgia Institute of 
Technology) 
Maria Guimaraes (Utility/Industry:EPRI) 
Zdenek Bazant (Northwestern University) 
 


5/8/12 


12-3756 Storage 
Seismic Performance of Dry 
Casks Storage for Long-Term 
Exposure 


University of Utah Luis Ibarra 


David Sanders (University of Nevada-
Reno) 
Chris Pantelides (University of Utah) 
Haori Yang (University of Utah) 


9/27/12 
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Active NEUP Projects Affiliated 
with UFD R&D:  Storage (cont.) 


Project  
FY-ID R&D Area Title PI  Collaborators Award Date 


11-2987 Storage 


Anisotropic azimuthal power 
and temperature distribution 
on fuel rod: impact on hydride 
distribution  


Pennsylvania State 
University  Arthur Motta 


Kostadin Ivanov (University:Pennsylvania 
State University) 
Maria Avramova (University:Pennsylvania 
State University) 


8/9/11 


11-3117 Storage Life Prediction of Spent Fuel 
Storage Canister Material 


Massachusetts Institute 
of Technology  Ronald Ballinger Sebastien Teysseyre (National 


Laboratory:Idaho National Laboratory) 8/9/11 


13-4840 Storage 
Development of a nano-
modified concrete for next 
generation of storage systems 


Vanderbilt University Florence Sanchez 


Caglar Oskay (University:Vanderbilt 
University) 
David Kosson (University:Vanderbilt 
University) 
Allen Croff (University:Vanderbilt University) 
Anick Delagrave (Utility/Industry:Lafarge 
North America) 


9/20/13 


13-5178 Storage 
Structural Health Monitoring 
of Nuclear Spent Fuel Storage 
Facilities 


University of South 
Carolina 


Lingyu 
(LOrganizationucy) 


Victor Giurgiutiu (University:University of 
South Carolina) 
Travis Knight (University:University of South 
Carolina) 
Matthieu Gresil (University:University of 
South Carolina) 
Bin Lin (University:University of South 
Carolina) 
Adrian Mendez-Torres (National 
Laboratory:Savannah River National 
Laboratory) 


9/20/13 


13-5365 Storage Doubling the Life of Concrete 
Structures University of Idaho Batric Pesic 


Krishnan Raja (University:University of Idaho) 
Guang-Ling Song (National Laboratory:Oak 
Ridge National Laboratory) 
Yunping Xi (University:University of Colorado, 
Boulder) 


9/20/13 
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Active NEUP Projects Affiliated 
with UFD R&D:  Transportation 


Project  
FY-ID R&D Area Title Organization PI  Collaborators Award Date 


13-5106 Transportation 
Risk Assessment of Structural 
Integrity of Transportation 
Casks 


University of Utah Luis Ibarra 


Haori Yang (University:University of 
Utah) 
Ricardo Medina (University:University 
of New Hampshire) 


9/20/13 


13-5427 Transportation 


Enhanced Shielding 
Performance of HLW Storage 
Packages via Multi-Component 
Coatings 


Virginia Polytechnic 
Institute and State 


University 
Leigh Winfrey Mohamed Bourham (University:North 


Carolina State University) 9/20/13 
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Active NEUP Projects Affiliated 
with UFD R&D:  Disposal 


Project  
FY-ID R&D Area Title Organization PI  Collaborators Award Date 


12-3298 Disposal Optimization of Deep Borehole 
Systems for HLW Disposal 


Massachusetts 
Institute of 
Technology 


Michael Driscoll 
Richard St. Clair (MIT) stclair@mit.edu 
Patrick V. Brady (Sandia National 
Laboratory) 


5/8/12 


12-3361 Disposal 


Coupling of nuclear waste form 
corrosion and radionuclide 
transport in presence of relevant 
repository sediments 


Washington State 
University Nathalie Wall 


James J. Neeway (Pacific Northwest 
National Laboratory) 
Nikolla P. Qafoku (Pacific Northwest 
National Laboratory) 
Joseph V. Ryan (Pacific Northwest 
National Laboratory) 


5/8/12 


12-3528 Disposal 
Radiation and Thermal Effects on 
Used Nuclear Fuel and Nuclear 
Waste Forms 


University of 
Tennessee at 


Knoxville 
William Weber Yanwen Zhang (University of Tennessee) 


Kurt E. Sickafus (University of Tennessee) 5/8/12 


11-3180 Disposal 
Quantification of cation sorption 
to engineered barrier materials 
under extreme conditions 


Clemson University  Brian Powell 


Mark Schlautman (University:Clemson 
University) 
Linfeng Rao (National 
Laboratory:Lawrence Berkeley National 
Laboratory) 
Heino Nitche (University:University of 
California-Berkeley) 
 


8/9/11 


13-4834 Disposal 


Improving the understanding of 
the coupled thermal-mechanical-
hydrologic behavior of 
consolidating granular salt  


University of New 
Mexico John Stormont Stephen Bauer (National 


Laboratory:Sandia National Laboratory) 9/20/13 


13-5008 Disposal 


The impacts of pore-scale physical 
and chemical heterogeneities on 
the transport of radionuclide-
carrying colloids  


Colorado School of 
Mines Ning Wu 


Xiaolong Yin (University:Colorado School 
of Mines) 
Keith Neeves (University:Colorado 
School of Mines) 
Jaehun Chun (National Laboratory:Pacific 
Northwest National Laboratory) 
Wooyong Um (National 
Laboratory:Pacific Northwest National 
Laboratory) 


9/20/13 
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DOE Office of Nuclear Energy 
Mission Statement 


 The primary mission of the Office of Nuclear Energy is to advance 
nuclear power as a resource capable of meeting the Nation's energy, 
environmental, and national security needs by resolving technical, 
cost, safety, proliferation resistance, and security barriers through 
research, development, and demonstration as appropriate.  
 


 NE’s program is guided by the four research objectives detailed in its 
Nuclear Energy Research and Development Roadmap: 


– Develop technologies and other solutions that can improve the reliability, sustain the safety, 
and extend the life of current reactors. 


– Develop improvements in the affordability of new reactors to enable nuclear energy to help 
meet the Administration’s energy security and climate change goals. 


– Develop sustainable fuel cycles. 
– Understand and minimize the risks of nuclear proliferation and terrorism. 


 
Source: http://energy.gov/ne/mission 
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DOE-NE Organization Chart 


Source:  http://energy.gov/ne/organization 
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Assistant Secretary for Nuclear Energy 
Principal Deputy Assistant Secretary 


NE-1  / 2 


Office of Uranium  
Management and Policy 


David Henderson 


NE-54 


 
Deputy Assistant Secretary  
for Fuel Cycle Technologies 


Monica Regalbuto 
John Herczeg 


NE-5 


Office of Systems  
Engineering & Integration 


Patricia Paviet 


Office of Fuel Cycle  
Research & Development 


Andrew Griffith 


NE-52 


Office of Used  
Nuclear Fuel Disposition  


Research & Development 
William Boyle 


 
• Develop Technical Basis for Extended 
  Storage 
• Develop Technical Basis for      
  transportation of high burn-up fuel 
• Evaluate Repository Alternatives 


 


DOE Office of Nuclear Energy 
Office of Fuel Cycle Technologies (NE-5) 


NE-51 


NE-53 Nuclear Fuels 
Storage and Transportation  


Planning Project (NFST) 
Jeffrey Williams 


 
 


•Develop design concepts for 
consolidated storage facility 
•Prepare for large scale shipping 
campaign to centralized storage 
facility 
•Evaluate System Architecture 
Alternatives 


R&D Focus Implements Strategy 
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Used Fuel Disposition R&D Campaign 
Mission 


Campaign Mission:  to identify 
alternatives and conduct scientific 
research and technology 
development to enable storage, 
transportation and disposal of 
used nuclear fuel and wastes 
generated by existing and future 
nuclear fuel cycles 


 
 


The DOE Office of Used Nuclear Fuel 
Disposition Research and Development and 
nine national laboratories participate in the 
DOE Office of Nuclear Energy’s “Used Fuel 
Disposition Campaign” 
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Summary of the Administration’s  
UNF and HLW Strategy 


Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level 
Radioactive Waste issued January 2013 
The Strategy is: 


 A statement of Administration policy regarding the importance of addressing the 
disposition of used nuclear fuel and high-level radioactive waste 


 The Response to the final report and recommendations made 
by the Blue Ribbon Commission on America’s Nuclear Future  


 The initial basis for discussions among the Administration,  
Congress and other stakeholders 


The Strategy outlines a 10-year program of work that:  
– Sites, designs, licenses, constructs and begins  


operations of a pilot interim storage facility (operating 2021) 


– Advances toward the siting and licensing of a  
larger interim storage facility (operating 2025) 


– Makes demonstrable progress on the siting  
and characterization of repository sites (repository sited 2026, licensed 2042, operating 2048) 
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R&D Path to Support DOE Waste 
Management Strategy 


Complete 
Experimental 
Database for 
High Priority 
Gap Analysis 


2019 


Complete 
Validated 


Models for HBU 
S&T 


 
2019 


Pilot Interim 
Storage Facility 


Open 
 


2021 


Develop a 
Licensing Basis 


for HBU Fuel 
Storage and 


Retrieval 
2021 


Consolidated 
Interim Storage 


Facility   
 


2025 


Repository Site 
Selected 


2026 


Repository  
Candidate  Sites 


Submitted 


~2023 


Potential 
Repository 


Sites Identified 


~2018 


Potential 
Repository 


Sites Evaluated 


~2018-23 


Consent-Based Site Selection 


Repository 
Operations 


Begin 


2048 


Repository 
Licensed 


2042 


License 
Application 
Submitted 


~2038 


Iterative PAs/ 
Site 


Characterization 


Repository Development 


~2026-38 


Storage & 
Transportation  
R&D 


Disposal R&D 


Approximate target dates (in italics) needed to meet 
deadlines (in bold) set out in the 2013 DOE Strategy 
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Campaign Structure 
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UFD R&D Campaign 2009-Present 


 FY09 Planning meeting at Argonne National Laboratory, June 2009 
 FY10 R&D funding at $7.1 M 


o Disposal R&D, modest level of effort on Storage R&D, no Transportation R&D 
 FY11 R&D funding at $23.8 M 


o Nine national laboratories participating in UFD 
o Significant R&D program in Storage, including Transportation 
o Disposal R&D not site specific 


 FY12 R&D budget baseline at $22.8 M, end-of-year actual ~$37 M 
o Some elements of FY12 work scope not established until fourth quarter 


 FY13 R&D $23.5 M 
o Nuclear Fuel Storage and Transportation Planning Project initiated 
o Storage demonstration R&D initiated external to UFD R&D campaign 


 FY14 R&D planning baseline at $20.4 M 
o Significant redirection of scope within campaign (next slide) 
o Work through February limited to annual total of $15.4 M 
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 Priorities 
– Campaign 


Management 
– High Burnup Cask 


Demonstration 
• EPRI contract 
• Supporting work at 


national labs 


– Direct Disposal of 
Dual Purpose 
Canisters R&D 


– International 
Disposal Activities 


– Transportation R&D 
– Remaining Work 


• “generally consistent 
with the FY14 
Integrated Priority List” 


NE-53 Guidance (June 10, 2013) 
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Implementing UFD R&D Priorities 
from FY13 to FY14 


20 


Overall Campaign Funding at National Laboratories down ~15 % 
 $23.5 M → $20 M  


Cross-cut Activities now only 
include Management and 
Integration costs 
 
Storage and Transportation 
R&D increases ~ 24% 
 
International Disposal 
Research Activities remain 
roughly level 
 
Overall Disposal R&D 
(including international) 
decreases ~ 40% 
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Specific UFD Campaign Objectives 
Near Term (2015-2020) 


 


Storage and Transportation 
 Develop understanding of how hydrides affect cladding integrity 


in high-burnup UNF 
 Predictive modeling 
 Experimentation 


 Develop understanding of how corrosion and stress corrosion 
cracking affect performance of stainless steel storage canisters 
 Material and environmental data 


 Characterize external loadings on UNF during normal conditions 
of transport 


 Support the full-scale storage demonstration project 
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Specific UFD Campaign Objectives 
Near Term (2015-2020) 


 


Disposal Research 
 Update the Disposal R&D Roadmap 
 Complete evaluation of the direct disposal of dual-purpose canisters 
 Complete a Geographical Information System database to support site 


screening and selection 
 Develop experimental and modeling basis for understanding long-term 


performance of engineered materials in repository environments 
 Develop experimental and modeling basis for understanding long-term 


performance of disposal systems in argillaceous rock, salt, crystalline 
rock, and deep boreholes 


 Develop system analysis tools to support site selection and evaluation 
 Develop reference cases for generic disposal concepts 
 Leverage international disposal R&D 
 Field a deep borehole disposal demonstration 
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UFD Strategic Objectives 
Long Term (2015-2025) 


 


 Collaborate with industry to field a full-scale NRC-licensed 
storage demonstration facility with monitoring and inspection 
capabilities to assess long-term performance 


 Conduct high priority separate effects tests on storage system 
safety components that align with the confirmatory demonstration 
(e.g., full-assembly material property data, closure system 
degradation behavior, concrete performance) 


 Collaborate with industry and NFST to support the transport of 
UNF from orphaned independent spent fuel storage installations 
(ISFSIs) to a consolidated storage facility 


 Collaborate with industry and NFST to develop and implement 
integrated storage, transportation, and disposal concepts that 
ensure safe, secure, and timely storage, transportation and 
disposal of waste 
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From the FY15 President’s Budget 
Request (Volume 3, p. 435-437) 


Used Nuclear Fuel R&D: The increase from $60,000,000 to $79,000,000 supports research and 
development activities required to develop the technical knowledge to support long-term storage of high-
burnup fuels. Of this increase, $9M will be used to implement the adaptions that are determined to be 
necessary to use existing Idaho National Laboratory (INL) facilities to handle large transportation casks. 
Funding increases to $6M for the high-burnup, dry storage demonstration effort. It is expected that this will 
be the peak funding year for this effort. Other increases include progress on deep borehole demonstration 
activities and implementing the field tests to advance salt repository science for disposal of heat generating 
waste. 


In FY 2015 in the UNF Disposition subprogram the Department is allocating $30 million to support 
preliminary generic process development and other non-R&D activities related to storage, transportation, 
disposal, and consent-based siting, including $24 million from the Nuclear Waste Fund. In addition, the 
Department requests $49 million for related research and development. 


Includes both UFD R&D and NFST 
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From the FY15 President’s Budget 
Request (Volume 3, p. 449-450) 


 Research and Development activities [for FY15] 
– Develop the technical knowledge and the capability to examine high-burnup UNF to support NRC licensing 


for long-term storage. This activity involves the following: 
• Initiate activities to develop capabilities to examine fuel and evaluate high-burnup fuel in long-term storage through 


adapting existing facilities at the Idaho National Laboratory. The adapted facilities will have the capability to 
examine the entire dry cask storage system (DCSS) after storage, including the fuel, cladding, assembly hardware, 
baskets, neutron poisons, and canister/cask and reseal the cask after examination. 


• Support for industry testing of canister material performance in situ at three additional independent Spent Fuel 
Storage installation sites in collaboration with the Electric Power Research Institute to obtain environmental 
samples and canister performance data. 


• Develop advanced instrumentation: Explore the development of nondestructive evaluation/examination and long-
term online monitoring technologies for DCSS integrity assessments including crucial physical parameters such as 
temperature, pressure, leakage and structural integrity in general. 


• Conduct tests: Conduct additional shaker table tests on industry-supplied dummy fuel assemblies. Test high-
burnup cladding and stainless steel canisters for corrosion. Test measurement of loads on fuel assemblies during 
transportation. 


– Continue long-term R&D and international collaborations on alternative disposal environments, including field 
tests. 


– Continue R&D work to explore the possibility of direct disposing existing loaded dual purpose canisters in a 
repository. 


– Evaluate alternative design concepts for deep bore hole disposal. Start to implement the deep borehole 
demonstration and participate in DOE’s Subsurface Crosscut tasks. 


– Continue evaluating 3 main geologic rock types: crystalline, clay/shale, and salt. Analyses, lab and field tests 
will be conducted for all three rock types as appropriate. 
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What does this mean for FY15 
Planning? 


 Actual budgets will be determined by Congressional appropriation 
 The $49M target in the President’s Budget for “related research and 


development” 
1. Is “pretax” 


• Roughly 30% of NE’s R&D appropriations in the past have gone to NE University Programs (20%), Small 
Business Innovation Research/Technology Transfer (SBIR/STTR), and other activities 


2. Must include specified “non-campaign” activities 
• “$9M will be used to implement the adaptions that are determined to be necessary to use existing Idaho 


National Laboratory (INL) facilities to handle large transportation casks.” 
• “Funding increases to $6M for the high-burnup, dry storage demonstration effort.” 


 


 Formal guidance has not been provided from DOE for FY15 planning, but total 
UFD R&D funding at National Laboratories is likely to decrease in FY15 relative 
to FY14 


 
 Shifting priorities will impact some areas more than others 
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Schedule for FY15 Planning 


 June 2014:  Guidance from NE to the Campaigns with targets 
and priorities 


 July 2014:  Campaign management works with NE-53 to prepare 
FY15 plan at the control account level 


 July 23, 2014:  NE-5 Budget Planning Review 
 August-September 2014:  Preparation of final FY15 planning 


packages 
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Work Package Management and 
Reporting Expectations 


 Enter information in PICS NE with the assumption that it will be read and 
potentially used in monthly campaign reviews 


– Put entries in the correct field 
– Proofread 
– With respect to “Milestone Variance Explanation” 


• Enter the real explanation, please 
• Work with your Control Account Manager 


– With respect to “Accomplishments” 
• Focus on significant new developments 
• If the text starts with “continued ongoing work…”, it’s not a significant new development, and a short 


entry is appropriate.  The quality of work is not judged by the length of the entry. 
• If the activity was dormant for the month, say so (and if appropriate, enter a short variance explanation) 


– With respect to “Identified Carryover” 
• Be realistic as early as possible 


 Pay attention when you plan next year’s packages 
– Work with your Control Account Manager and DOE technical point of contact to define the 


work scope 
– Spend plans matter--you will be held accountable for under- and over-spending 
– Plan deliverables that are achievable, and complete them on time 


 Enter all foreign travel in PICS-NE 
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Why Process Matters 


http://www.wipp.energy.gov/wipprecovery/accident_desc.html 
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“The Board concluded that this accident 
was preventable” 


“… the Board concluded that the unfiltered above 
ground release identified in Phase 1 of the 


investigation was preventable” 
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Questions and Discussion? 
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INFORMATION AS OF 29 MAY 2014


NOTES: All classrooms are equipped with video, audio connections and display screens.  Bring your own laptop.
Wi Fi is available during the entire conference at no additional charge (simply sign in as UNLV Guest).
Each class room and conference room has a phone with speaker.
All of the meetings are in the Science and Engineering Building (SEB)
PARKING: CHANGED FROM PRIOR YEARS


UNLV maps have been sent that show locations of the Parking and Meeting areas
Park your car in the parking garage adjacent to the SEB on either the 5th or 6th level.
UNLV parking police have agreed not to issue citations to vehicles on either of these levels for these three days.


   UFD has agreed to pay parking for the vehciles associated with the WG meetings, so there will be a count of vehicles on these levels
There is a cost to the campaign for parking, so where it makes sense, please car pool so we don't need to pay parking for each attendee


HOTEL: As of 01/14/2014 there were govt rates available at the Marriott Grand Chateau (the property many of us stayed at last year) - $92/night
http://www.marriott.com/hotels/travel/lasvg-marriotts-grand-chateau/


•         If you book your room via the internet, use the promo code GOV.
•         If you book your room by calling in, simply ask for the government rate.
Jessica Aragon
Resort Inventory & Revenue Manager, iPSM
Marriott's Grand Chateau
75 East Harmon Ave.
Las Vegas, NV 89109
702.862.5638 Direct 
702.862.5600 Resort Main 
702.862.5610 Fax
jessica.aragon@vacationclub.com 


DATE/TIME
WED: June 4 ACTIVITY LOCATION


8:00 11:30 Welcome & UFD Campaign Updates Auditorium
11:30 1:00 Lunch on your own


1:00 2:50 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 
2:50 3:10 Break
3:10 5:00 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 


THU: June 5
8:00 9:50 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 
9:50 10:10 Break


10:10 12:00 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 
12:00 1:30 Lunch on your own


1:30 3:20 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 
3:20 3:50 Break
3:50 5:40 Breakout sessions (6 possible) 2 large classrooms (68 capacity ea); 1 medium classroom (56 capacity ea); 2 small classrooms (30 & 40 capacity ea); 1 conference room (20 capacity) 


FRI: June 6
8:00 11:30 Other Campaign Updates and Closing Auditorium



http://www.marriott.com/hotels/travel/lasvg-marriotts-grand-chateau/

mailto:jessica.aragon@vacationclub.com
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UFD Working Group Breakout Session Summaries 
UNLV June 4-6, 2014 


Wednesday, June 4th, 1:00-2:50 
LOCATION   TOPIC      ORGANIZER(S) 
Classroom B174  NEUP Presentations    de la Garza 


A university representative from NEUP funded activities associated with UFD will present a 15-min 
high-level briefing from the Principal Investigator on their project with another 5 minutes for 
questions from the audience (20 minutes total).  Briefings in this session include:  
• “Structural Performance of Spent Nuclear Fuel Casks for Long-Term Exposure,” Luis Ibarra, 


University of Utah 
• “Multifunctional Concrete Materials with Ultra-High Damage Tolerance and Self-Sensing 


Capacity for Extended SNF Storage Systems,” Mo Li, University of Houston 
• “Development of a Probabilistic Model for Dry Storage Canister Life Prediction: An Update” PI-


Professor Ronald Ballinger, MIT, Ms. Sara Ferry (Grad Student), MIT, Dr. Sebastien Teysseyre, 
INL 


• “Doubling the Life of Concrete Structures,” B. Pesic (PI), K.S.Raja (Co-PI), Y.Xi (Co-PI), G-L,Song 
(Co-PI), University of Idaho 


• “Development and Experimental Benchmark of Computational Methods to Predict Used-Fuel 
Cladding Temperatures under Vacuum Drying Conditions,” Miles Greiner, University of 
Nevada, Reno 


Classroom 1240  RADTRAN     Weiner 
We will present a summary of 2013-2014 RADTRAN development and preliminary results of the 
near field model. The near field results will be used to improve the RADTRAN dispersion model.  
We will also present some new features of RADTRAN.   


Classroom 1242  Argillite & Crystalline Disposal   Jove-Colon & Wang 
Summary presentations of (1) progress status of crystalline and argillite disposal systems R&D, (2) 
integration among related work packages with focus on experimental and process model 
development. 


Classroom 1243  Deep Borehole Disposal    Arnold 
Research on the disposal of alternative waste forms, including Cs-137 and Sr-90 capsules, will be 
discussed.  Site selection investigations for the deep borehole demonstration project, including 
screening of DOE sites, will be described.  An open forum on planning for the deep borehole 
demonstration project beginning in FY15 will be held, with an emphasis on establishing 
partnerships among UFD participants and outreach to other potential collaborators on the 
demonstration project. 


Classroom 1245  Engineered Materials Experimental  Bryan 
The potential environment on the surface of SNF interim storage canisters will be discussed.  
Results of field sampling of canister surface deposits at three near-marine ISFSI sites will be 
presented. 


Conference Room 2251 ST Analysis     Scaglione 
This session will discuss several cladding related modeling activities: Areas that will be covered 
include current cladding hydride reorientation modeling activities, status of integration with 
Moose-Bison-Marmot (MBM), overall status with being able to compare model results to actual 
cladding samples, thermal sensitivity analyses, and some FEA analysis results assessing CIRFT out-
of-cell capabilities with being able to use surrogate materials to generate engineering properties 
of spent fuel cladding.  


  







UFD Working Group Breakout Session Summaries 
UNLV June 4-6, 2014 


Wednesday, June 4th, 3:10-5:00 
LOCATION   TOPIC      ORGANIZER(S) 
Classroom B174  NEUP Presentations    de la Garza 


A university representative from NEUP funded activities associated with UFD will present a 15-min 
high-level briefing from the Principal Investigator on their project with another 5 minutes for 
questions from the audience (20 minutes total).  Briefings in this session include: 
• “The Impacts of Pore-Scale Physical and Chemical Heterogeneities on the Transport of 


Radionuclide-Carrying Colloids,” Wu Ning, Colorado School of Mines 
• “Improving the Understanding of the Coupled Thermal-Mechanical-Hydrologic Behavior of 


Consolidating Granular Salt,” John Stormont, University of New Mexico 
• “Quantification of Actinide Sorption to Engineered Barrier Materials Under Extreme 


Conditions,” Brian Powell, Clemson 
• “Enhanced Shielding Performance of HLW Storage Packages via Mulit-Component Coatings,” 


Leigh Winfrey, Virginia Tech 
 
Classroom 1240  Field Demo, Storage Demo Project  Marschman 


This session is dedicated to methodologies that can be used to monitor atmospheric deposition of 
salts and other chemical species on fuel canisters and methods for monitoring these systems for 
stress corrosion cracking.  An overview of canisterized fuel dry storage systems will be presented 
to point out the complexity of these systems followed by presentations by the labs on potential 
capabilities that can be deployed. 


 
Classroom 1242  Argillite & Crystalline Disposal   Jove-Colon & Wang 


Summary presentations of (1) progress status of crystalline and argillite disposal systems R&D, (2) 
integration among related work packages with focus on experimental and process model 
development. 


 
Classroom 1243  WM System Analysis    Nutt 


This session will discuss waste management system architecture tool development and analysis 
activities that are underway.  These activities are being performed by NFST, but the session is also 
intended for UFD staff to become familiar with the capabilities for potential future application to 
UFD projects 


 
Classroom 1245  OPEN 


 
ENTER SUMMARY HERE 
 


 
Conference Room 2251 UQ Methodology    Dingreville 


This session will be dedicated to activities related to the development of uncertainty 
quantification methodologies for storage applications of high burnup fuels. Specific topics will 
cover the identification of performance requirements for Stress Corrosion Cracking and Thermal 
Profiles as well as the construction of the associated mathematical models. 


  







UFD Working Group Breakout Session Summaries 
UNLV June 4-6, 2014 


Thursday, June 5th, 8:00-9:50 
LOCATION   TOPIC      ORGANIZER(S) 
Classroom B174  OPEN     


 
ENTER SUMMARY HERE 
 


 
Classroom 1240  DPCs and Standardization Assessment  Hardin & Jerrell 


The DPC disposability discussion will include progress in multi-year feasibility evaluation for direct 
disposal of commercial SNF in existing dual-purpose canisters, including topics in engineering 
feasibility, waste isolation, and postclosure criticality analysis. The standardized canister 
assessment discussion will include the assessment of concepts and pre-conceptual design 
development for a new, standardized canister for storage, transportation and disposal of UNF/SNF 
(STAD canister) and the appropriateness of scenario comparison metrics.  


 
Classroom 1242  Argillite & Crystalline Disposal   Jove-Colon & Wang 


Summary presentations of (1) progress status of crystalline and argillite disposal systems R&D, (2) 
integration among related work packages with focus on experimental and process model 
development. 


 
Classroom 1243  Roundtable on CFR 72-71-72 transitions  Carter 


Commercial UNF was envisioned to be retrieved from storage pools for dry storage and then 
transported to the repository for disposal. Spent fuel arriving at an ISF after a decade or more in 
storage followed by transportation to the site offers unique regulatory compliance  (72-71-72 
issue) challenges.  Roundtable will discuss  
1) gaps in the Part 71 and/or 72 regulations and guidance and need for NRC action, 
2) potential approaches for addressing the issue without rule changes for discussion with NRC 


before application is submitted 
 
Classroom 1245  Transportation     McConnell 


This Session will review FY14 progress on the Transportation Work Packages (INL, ORNL, PNNL, 
SNL, and SRNL). Plans for FY15 work will be discussed focused particularly on tests of assemblies 
subjected to normal conditions of transport 


 
Conference Room 2251 UQ Methodology    Dingreville 


This continued session will be dedicated to activities related to the development of uncertainty 
quantification methodologies for storage applications of high burnup fuels. Specific topics will 
cover the analysis of the composition of available data and development of Stress Corrosion 
Cracking models. 


  







UFD Working Group Breakout Session Summaries 
UNLV June 4-6, 2014 


Thursday, June 5th, 10:10-12:00 
LOCATION   TOPIC      ORGANIZER(S) 


Classroom B174  UNF STANDARDS Data and Analysis Capabilities w/ CURIE Scaglione, Jarrell 
Understanding the changing nuclear and mechanical characteristics of used nuclear fuel (UNF) 
over time and how these changing characteristics affect storage, transportation, and disposal 
options can require many tools and types of data. To streamline analysis capabilities for the waste 
management system, a comprehensive, integrated data and analysis tool has been assembled—
UNF-Storage, Transportation & Disposal Analysis Resource and Data System (UNF-ST&DARDS). 
UNF-ST&DARDS provides a unified domestic UNF system database and key analysis capabilities to 
support numerous DOE waste management and fuel cycle–related objectives, as well as providing 
the foundation for tracking UNF from reactor power production through ultimate disposition.  A 
unique, unprecedented capability within UNF-ST&DARDS is the performance of actual as-loaded, 
cask-specific evaluations. This session will provide an overview of UNF-ST&DARDS and the Unified 
database. 


 
Classroom 1240  DPCs and Standardization Assessment  Hardin & Jerrell 


This session will continue DPC and Standardized canister discussions from the earlier session and 
will focus on future FY15 assessment needs including repository design work (sub-surface, surface, 
etc.), material compatibility work, appropriate cost estimates, etc. 


 
Classroom 1242  PA Ref Case & Process Model Integration   Freeze, J-Colon, Wang 


Short summary presentation of (1) current status of generic reference cases (i.e., design features, 
geometry, material properties, and important processes/FEPs) for salt, granite, and argillite 
disposal systems, and (2) ideas for implementation of multi-physics processes and couplings into 
PA models (i.e., direct and/or reduced-order approaches). Presentation will be followed by open 
forum discussion.  


 
Classroom 1243  Engineered Materials Experimental  Bryan 


Sandia is in the process of procuring a full scale cylindrical mockup of a SNF interim storage 
canister.  In this session, we will collect input on the planned mockup design.  We will also discuss 
sampling and sample needs for interested parties. 


 
Classroom 1245  Transportation     McConnell 


This Session will review FY14 progress on the Transportation Work Packages (INL, ORNL, PNNL, 
SNL, and SRNL). Plans for FY15 work will be discussed focused particularly on tests of assemblies 
subjected to normal conditions of transport. 


 
Conference Room 2251 UQ Methodology    Dingreville 


This continued session will be dedicated to activities related to the development of uncertainty 
quantification methodologies for storage applications of high burnup fuels. Specific topics will 
cover the analysis of the composition of available data and development of thermal profiles 
models for the Calvert Cliffs ISFSI. 


  







UFD Working Group Breakout Session Summaries 
UNLV June 4-6, 2014 


Thursday, June 5th, 1:30-3:20 
LOCATION   TOPIC      ORGANIZER(S) 
Classroom B174  Waste Pkg./Std. Canister Interfaces  Howard, Jerrell   


This session will have a short summary presentation about waste package material compatibility 
related to any repository concept.  The discussion will focus on modeling and analysis needed to 
support this interface. 


 
Classroom 1240  Field Demo, Storage Demo Project  Marschman 


This session will be used to outline a campaign roadmap for addressing the topic of canister 
corrosion, particularly stress corrosion cracking.  We will work to identify some clear outcomes for 
UFD to accomplish over the next 2-5 years.  We will also begin planning for a larger workshop to 
be held in the near future that will involve universities, industry, the labs, and other interested 
entities to help coordinate all our efforts in this area. 


 
Classroom 1242  Generic Disposal System Analysis  Freeze 


Short summary presentation of current status of generic PA modeling and analysis capabilities, 
including the demonstration application to a generic bedded salt repository. Presentation will be 
following by open forum discussion which may include ideas on implementation on of multi-
physics processes and couplings describing source term and/or radionuclide flow and transport 
(THC). 


 
Classroom 1243  Salt R&D     Leigh, MacKinnon 


Short summary presentation of current status of salt research and development program, 
including the results of hot salt reconsolidation experiments, a new test plan for testing  
consolidated salt samples, an update on hydrothermal chemistry experiments on host rock 
minerals and associated brines, an update on brine migration, an update on benchmark modeling, 
and an update on joint salt club activities. 


 
Classroom 1245  Transportation     McConnell 


This Session will review FY14 progress on the Transportation Work Packages (INL, ORNL, PNNL, 
SNL, and SRNL). Plans for FY15 work will be discussed focused particularly on tests of assemblies 
subjected to normal conditions of transport. 


 
Conference Room 2251 OPEN 


 
ENTER SUMMARY HERE 
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Thursday, June 5th, 3:50-5:40 
 
LOCATION   TOPIC      ORGANIZER(S) 
Classroom B174  Engineered Materials Performance  Sassani   


This session will present an overview of activities relevant to waste form degradation modeling 
within the UFD Campaign. Areas to be covered are the used fuel degradation modeling activities, 
glass waste form degradation modeling activities, and metallic waste form degradation modeling 
activities. Integration of improved modeling tools with the PA models will be a focus of discussion. 


 
Classroom 1240  UFD/NFST NTD & CAM Meeting   Carter, Saltzstein 


The purpose of this session is to informally communicate the work scopes, progress and strategies 
between UFD and NFSTPP.  


 
Classroom 1242  International     Birkholzer 


This session discusses status of ongoing work and new opportunities for international disposal 
R&D. Participants will also take stock of the international collaboration activities conducted so far, 
will elaborate as to how they have benefitted the campaign, and will discuss  whether any changes 
in scope/direction are intended in the future.  


 
Classroom 1243  OPEN 


 
ENTER SUMMARY HERE 
 


 
Classroom 1245  DPCs and Standardized Canister Design  Hardin & Howard 


This session will include carryover discussions from morning discussions on DPC direct disposal 
and STAD canister assessment. It will also discuss how DPCs and standardized canister systems fit 
into the repository research program as reference cases. What support is needed from the generic 
disposal R&D program? 


 
Conference Room 2251 Regional Geology    Perry 


This session will focus on the development of the regional geology GIS database to support future 
site screening and site selection activities. Presentations will focus on the distribution of potential 
host formations, siting-related data, geologic and geochemical environments and methods for 
estimating the hydrologic and geomechanical properties of potential host rocks. Presentations will 
be followed by open discussions on future directions of the work. 
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Presentation Outline 


Wed 1:00 – 2:50 NEUP Presentations 


Wed 3:10 – 5:00  NEUP Presentations 


 


Wed 1:00 – 2:50 Argillite & Crystalline  Disposal 


Wed 3:10 – 5:00 Argillite & Crystalline  Disposal 


Thu 8:00 – 9:50  Argillite & Crystalline  Disposal 


 


Wed 3:10 – 5:00 Waste Management Systems Analysis Capabilities 


Thu 3:50 – 5:40 International  


Thu 3:50 – 5:40 Engineered Materials Performance 


Thu 3:50 – 5:40 Regional Geology 


 
 
 June 2014 UFD WG Meeting 


UNLV 







Used 
Fuel  
Disposition  


Wed 1:00 – 2:50 NEUP Presentations 
 
NEUP PI presented a 15-min briefing with another 5 minutes for questions from the 
audience.  
 “Structural Performance of Spent Nuclear Fuel Casks for Long-Term Exposure,” Luis 


Ibarra, University of Utah 
 “Multifunctional Concrete Materials with Ultra-High Damage Tolerance and Self-


Sensing Capacity for Extended SNF Storage Systems,” Mo Li, University of Houston 
 “Development of a Probabilistic Model for Dry Storage Canister Life Prediction: An 


Update” PI-Professor Ronald Ballinger, MIT, Ms. Sara Ferry (Grad Student), MIT, Dr. 
Sebastien Teysseyre, INL 


 “Doubling the Life of Concrete Structures,” B. Pesic (PI), K.S.Raja (Co-PI), Y.Xi (Co-
PI), G-L,Song (Co-PI), University of Idaho 


 “Development and Experimental Benchmark of Computational Methods to Predict 
Used-Fuel Cladding Temperatures under Vacuum Drying Conditions,” Miles Greiner, 
University of Nevada, Reno 
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Notes from selected sessions 
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Wed 3:10 – 5:00  NEUP Presentations 
 
NEUP PI presented a 15-min briefing with another 5 minutes for questions from the audience.  
 “The Impacts of Pore-Scale Physical and Chemical Heterogeneities on the Transport of 


Radionuclide-Carrying Colloids,” Wu Ning, Colorado School of Mines 
 “Improving the Understanding of the Coupled Thermal-Mechanical-Hydrologic Behavior of 


Consolidating Granular Salt,” John Stormont, University of New Mexico 
 “Quantification of Actinide Sorption to Engineered Barrier Materials Under Extreme Conditions,” 


Brian Powell, Clemson 
 “Enhanced Shielding Performance of HLW Storage Packages via Mulit-Component Coatings,” 


Leigh Winfrey, Virginia Tech 
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Notes from selected sessions 
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Notes from selected sessions 


Wed 1:00 – 2:50 Argillite & Crystalline  Disposal 
 
• “Mixed potential model for used fuel degradation” – Jim Jerden, ANL. Developing the 


source terms for both argillite and crystalline WPs.   
• “Long-term stability of amorphous & crystalline Pu oxides and its implications” – Phong 


Zhao & Michael Cheshire, LLNL. Stability and importance of colloids depending on 
crystallinity and particle size.  


• “Hydrothermal-Bentonite Investigations Under Repository Conditions” – Florie  
Caporuscio, LANL. 6-month experiments on bentonite transformations. 


• “Thermal treatment of clays & sorption experiments” – Ed Matteo, SNL. Dry-heating of 
bentonite may enhance sorption. 


• “THM modeling of the FE heater test and Decovalex studies” - Jonny Rutqvist, LBNL. 
THMC modeling and validation of bentonite materials against Mont Terri data. 


• “Neutron investigation of pore structure & water dynamics in natural & eng. Materials” – 
Mei Ding, LANL. New powerful tool for characterizing clay, shale, or salt materials. 


• “Experimental & modeling results from 6-yr U(VI) diffusion exp. In bentonite” – Claudia 
Joseph, LLNL. Valuable information on radionuclide transport in clays. 
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Notes from selected sessions 


Wed 3:10 – 5:00 Argillite & Crystalline  Disposal 
 
• “NEA Thermodynamic Database Phase 5 (TDB-5)” – Cindy Atkins-Duffy, LLNL. 


Presenting NEA’s objectives and procedures for TDB development. 
• “Thermodynamic database development: Al-silicate system at elevated temperatures” 


– Carlos Jove-Colon, SNL.  Development of a internally consistent TDB for silicate 
system (clay phase diagram) 


• “First-principles study of salt minerals (anhydrite, polyhalite and carnallite) and kaolinite 
clay” Philippe Weck, SNL.  Using the first principle to assist thermodynamic data 
measurement and extrapolation. 


• “Coupled THM fracture damage modeling and the HG-A test” – James Houseworth, 
LBNL. Developing fracture formation model and comparing it with observations. 


• “Constitutive relationships and non-Darcy flow” – Liange Zheng, LBNL. Fluid flow in low 
permeability media with implications to the performance of EBS  


• “THMC modeling of clay-based barrier materials” - Liange Zheng, LBNL. THMC 
modeling of illitization of bentonite. 


• “Modeling flow in the Bentonite-rock interaction experiments” – Scott Painter, LANL. 
DFN model application to EBS in a crystalline repository.  


June 2014 UFD WG Meeting 
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Notes from selected sessions 


Thu 8:00-9:50 Argillite & Crystalline  Disposal 
 
• “Sorption & Diffusion in Clays” – Jim Davis, LBNL.  Compacted bentonite used in EBS.  


Objective is to decrease uncertainty in modeling. 
• “Electrostatic Models for Ionic Diffusion through Clay” – Carl Steefel, LBNL.  Simulating 


test in opalinus clay with mean electrostatic model.  Changes in ionic strength modify 
thickness of electrostatic double layer -> implications for diffusion rate 


• “Flow and Transport Modeling in Low Porosity Host Rock” – Scott Painter, LANL.  
Testing and refinement of discrete fracture network (DFN) modeling.  Continue using 
data from URLs (Aspo, KURT) 


• “Fractured Continuum Model for Flow and Transport in Crystalline Rocks” – Teklu 
Hadgu, SNL.  Uses FCM approach to represent a realistic view of fractures in  granitic 
rocks. 


• “Pu Sorption and Desorption on Bentonite Colloids in Support of Grimsel CFM Project” 
– James Begg, LLNL.  How is uptake oxidation-state dependent?  Is uptake 
concentration dependent? 


• “Uranium Transport in Crystalline Rock – Slow Desorption Rates from Column 
Experiments” – Paul Reimus, LANL.  Develop methods for paramaterizing moderately-
adsorbing RN transport in process/PA models. 
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Notes from selected sessions 


Wed 3:10 – 5:00 Waste Management Systems Analysis Capabilities 
 
This session discussed waste management system architecture tool development and 
analysis activities that are underway in NFST with the intent of informing UFD staff for 
potential future application to UFD projects.  It was communicated that beyond 
emplacement thermal limit constraints and repository acceptance rates, there is no other 
modeling of repository facilities and functions within the NFST system models.  The 
inclusion of modular repository facility components in the system analysis tools to 
determine configurations for different scenarios versus post-processing the logistic results 
to determine configurations was also discussed (either way would work).   A 
recommendation was made that NFST consider these emplacement thermal 
constraints in system-level analysis.  The session also discussed the use of waste 
management system architecture analysis tools within the broader decision support 
framework. 
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Thu 3:50 – 5:40 International  
 
 Overview and Purpose 


– The International Disposal R&D work package coordinates international international collaboration in disposal 
research, with particular focus on active R&D associated with URLs 


– This session briefly summarized status of ongoing work and new opportunities for international disposal R&D. 
Participants then took stock of the international collaboration activities conducted so far, elaborated as to how they 
have benefitted the campaign, and discussed whether any changes in scope/direction are intended in the future. 


 Taking stock of current activities 
– Participants agreed that international collaboration is extremely beneficial to DOE and a very cost-effective way of 


improving our knowledge base for different disposal environments 
– A dedicated follow-up workshop was suggested to discuss in detail the future international portfolio with regards to 


technical merit, key research gaps, and relevance to safety case 
 Going forward 


– Participant expressed concern about budget constraints, both in terms of technical work and travel support, that 
limits engagement in promising international activities (too little support for too many opportunities) 


– Participants discussed whether DOE should move to using international URLs more actively (plan own experiments, 
organize and lead own modeling tasks) 


– Several suggestions were made to allow for better dissemination of information (e.g., designated file sharing web 
space for group, email listserv,…) 
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Notes from selected sessions 


Thu 3:50 – 5:40 Engineered Materials Performance   
 
Presented  overview of activities relevant to waste form degradation modeling and integration of improved modeling tools 
with the PA models within the UFD Campaign. Areas covered and discussions held: 
PA Integration: 


Model Interfaces – how to plug the WF degradation models into PA models – how much development of additional 
model layers beyond WF? 
Heterogeneity – PA needs for getting the major variability effects into the results – T, BU, chemistry. 


 Used fuel degradation modeling activities, discussion covered: 
Radiolysis Model – 


Curvature of H2O2 production as function of O2  
Relative importance of gamma vs alpha radiolysis 
Depth of penetration of alpha energy in water film 


Mixed Potential model 
pH effects 
carbonate vs other chemistry 


Glass waste form degradation modeling activities, discussion covered: 
Average rate vs specific up and downstream rates 
Data fidelity needed to be more precise than model fidelity 
Assumptions used to transform data are crucial to keep in mind. 


 Metallic waste form degradation modeling activities, discussion covered: 
Suggestion for Tc work in sulfuric acid – use other acid as low to moderate pH passivation is not possible in 
sulfate solutions. 


Questions regarding mechanisms of Tc incorporation into Fe-oxide phases, are they structural? What dominant oxidation 
state? 
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Notes from selected sessions 


Thu 3:50 – 5:40 Regional Geology 
 
Discussion focused on prioritizing needs for development of the Regional Geology GIS 
Database. 
1. Prioritize planning, development and implementation of  


(a) an informational GIS website (FY14) and  
(b) an interactive, web-based mapping tool (FY15) that allows display of alternative 


geologic and siting data.   
All data displayed on websites should be completely documented. 


2. Prioritize data collection so that efforts are directed towards including data most 
important to development of the GIS database. 


3. Support efforts for identification of a deep borehole disposal demonstration site by 
developing more detailed geologic and siting guideline data for regions of interest.  
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OSTI Reporting 


 DOE-NE requested that PICS be used as a means to track 
which approved deliverables are harvested by OSTI. 
– A new approver has been added to the Deliverable Form to report the 


Yes/No disposition of milestones to OSTI. 


– This approver is the individual laboratories’ Releasing Official internal to 
the laboratory organization. 


– The harvesting and identification of OSTI disposition is done exclusively 
by the individual laboratories. No deliverables are sent to OSTI from 
PICS or DMS.  


– In order for timely reporting of the OSTI disposition it is important that 
the completed deliverables go through the approval process as quickly 
as possible.  Please act on pending actions in PICS quickly.  
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Document Management 


 All approved deliverables are to be uploaded to the Document 
Management System (DMS).  
– Milestone document revisions. 
– Supporting documentation (QA form, records transmittal form, 


correspondence, ,etc.) 
 If a document will not be uploaded in PICS or emailed to FCT 


Document Management, then a statement is to be entered on 
the PICS milestone deliverable form stating where the milestone 
deliverable/information will be maintained.   
– It is the WPM's responsibility to transmit the milestone documents to 


FCT Document Management if the deliverable is not uploaded to PICS 
directly. 


 All approved deliverables uploaded to PICS are electronically 
transferred to the DMS on a monthly basis. 
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DMS Upgrade 


 The DMS D2 upgrade is scheduled to be completed by the end 
of August 2014 


 The new upgrade provides robust search function capabilities 
– Full text search 
– Multiple parameter search 


 The redesigned home screen will allow: 
– Document preview pane and scrolling capabilities 
– Simplified navigation 


 Campaign user testing (if identified) 


 Training 
– Annual meeting 
– Online 
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Differing Professional Opinions (DPO) 


Technical disagreements are okay 
Other opinions should be valued and given appropriate 


consideration 
Discussions should be professional and respectful 
Multiple vehicles exists for resolving differences of opinion 
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Differing Professional Opinions (DPO) 


Use local processes first 
• Review and comment process 
• Discussion with management 
• Organization or site procedures 
• Employee Concerns Program 
• Local DPO procedures 


DOE DPO process is available if local processes do not resolve 
the issue or concern. 


DOE DPO process is intended for technical issues involving 
environmental, safety, or health technical concerns. 


Available to all DOE employees, including DOE contractors and 
subcontractors 
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Differing Professional Opinions (DPO) 


 DOE Order 442.2, “Differing Professional Opinions for Technical Issues 
Involving Environmental, Safety, and Health Technical Concerns” 


 DOE has established a variety of work processes for its employees (including 
DOE Federal, contractor, and subcontractor employees) to raise concerns so 
that they are assessed and appropriate actions are taken. Employees are to use 
these processes to resolve issues at the lowest possible level. In some cases, 
an employee may decide that despite those efforts, there remains a concern 
about a technical issue with a potential for a significant impact on environment, 
safety or health. 


 If you have a concern involving a technical issue with potential significant 
impact to environment, safety and health and you have tried unsuccessfully to 
adequately address it through lower-level processes, it may be appropriate to 
file the concern through the DPO process.  See the link below for more 
information on the process and how to file:   
 
http://energy.gov/ehss/doe-differing-professional-opinions 
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Differing Professional Opinions (DPO) 


 Generally excluded issues. Issues that are not generally within the scope 
of the DPO process and that will not be reviewed according to this process 
include the following:  
• issues that are administrative in nature (such as review and comment procedures)  
• personnel issues (such as performance elements, evaluations and ratings, or work 


assignments by management) 
• contract issues not relating to technical ES&H issues (such as cost/schedule 


performance, fees or contract negotiations) 
• issues related to collective bargaining 
• issues that should be addressed through the grievance process or personnel 


appeal procedures 
• issues that relate to fraud, waste, and abuse (the DPO Manager must refer these 


to the Office of Inspector General) 
• issues submitted anonymously or for which confidentiality is requested 
• issues that have been considered and already addressed under this process 


unless significant new information is available.  
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Differing Professional Opinions (DPO) 


 
 
 
 
DOE Order 442.2 requires that all DOE employees 
(including contractors and subcontractors) be 
notified quarterly of the Differing Professional 
Opinion (DPO) process to ensure that they are made 
aware of the process, including the DPO Web page 
address and the contact information for submitting 
DPOs. 
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Differing Professional Opinions (DPO) 
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Differing Professional Opinions (DPO) 


Small group exercise 
Role play examples of appropriate and inappropriate issue 


resolution 
Team breakout identified on next slide 
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Differing Professional Opinions (DPO) 


 
 
 


Small Group Exercise - Not Really 
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Differing Professional Opinions (DPO) 


Inappropriate methods of issue 
resolution 
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Differing Professional Opinions (DPO) 


 
 
 
For additional information, see the DOE DPO webpage: 
 
http://energy.gov/ehss/doe-differing-professional-opinions 



http://www.hss.doe.gov/nuclearsafety/qa/dpo.html
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UFD Disposal R&D 


 Program Priorities in Disposal R&D 
• Continue evaluation of feasibility of Direct Disposal of Dual-Purpose Canisters 
• Increasing interest in Deep Borehole Disposal Demonstration 
• NE has assumed additional scope of Salt R&D formerly conducted by EM 
• Continue support of International collaboration 
 


 FY15 priorities and funding levels will be finalized over the summer 
 


 All priorities subject to change – Secretary of Energy, NE Management, 
Congressional Appropriations 
 
 







3 


UFD Disposal R&D 


 DOE Disposal R&D Team 
 
 
 
 
 


Control Account Title   DOE Lead 


 Federal Program Manager – Disposal R&D Tim Gunter 
 Engineered Material Performance Joe Price 
 Argillite Disposal R&D Bill Spezialetti 
 Crystalline Disposal R&D Bill Spezialetti 
 Generic Disposal System Analysis Mark Tynan 
 International Disposal R&D Prasad Nair 
 Regional Geology R&D Ram Murthy 
 Disposal of Dual Purpose Canisters Bob Clark 
 Deep Borehole Disposal R&D Lam Xuan 
 Salt R&D Prasad Nair 
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