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GNEP R&D Process

Precursors to the GNEP R&D program were initiated in the late 
1990’s based on knowledge accumulated internationally since 
the 1960’s.
By the time GNEP was officially started (2006) significant 
progress had been achieved.
– Connection between final disposal options and transmutation scenarios
– Transmutation potential of the main reactor systems
– Requirements driven process
– R&D program has been focused on making Yucca Mountain the single

repository needed for the 21st Century
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GNEP Program Organizational Structure
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Systems Analyses: Reactor Performances

LWR Performance
– Partial burning of Pu is feasible with existing technologies 

• Enables Pu inventory stabilization
– Extensive burning of Pu is achievable with new 

technologies
• Subassembly design
• Higher enrichments

– Burning of MA’s is not practical
• High doses

The Fast Reactor is favored for TRU destruction
– Higher fission/absorption
– Multi-recycle

International Integration via OECD Working 
Groups and Bilateral Collaborations (France)

Mass Evolution with TRU RecyclingMass Evolution with TRU Recycling
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Systems Analyses: Systems Integration

The behavior of a Yucca Mountain like repository is complex with several 
different limits
Analyses have demonstrated that differentiated thermal management can 
significantly increase capacity of Yucca Mountain like repositories

– Eliminate short term heat by separations and decay
– Eliminate long term heat by transmutation

Specific separations flowsheets have been designed and demonstrated at 
laboratory scale to achieve these objectives  

Voloxidation/ 
Tritium 

Recovery

Nitric Acid 
Dissolution and 

Clarification
UREX Process Product 

Conversion

FPEX Process

TRUEX Process

TALSPEAK 
Process

Product 
Conversion

Decay Storage 
of Cs & Sr

 Fuel Fabrication

High-Level 
Waste Form 
Production

Clarified 
Dissolver 
Solution

Uranyl Nitrate 
Solution

Uranium Storage 
or Disposal as 

U3O8

U3O8

Cs/Sr 
Aluminosilicate

Transuranics plus 
Remaining Fission Products

All 
Remaining 

Fission 
Products 
except 

Lanthanides

Washed Cladding Hulls
and Sludge

Technetium

Transuranics plus Lanthanide 
Fission Products

Lanthanide Fission 
Products

Transuranics in
Lactic Acid Solution

TRUs (oxide 
or metal)

Geologic 
Repository

Alloying  / 
Compaction

(hulls+ Tc + sludge / 
balance of hulls) Iodine

UREX Raffinate

Packaged 
Waste Form

Liquid Product 
Blending

Uranyl Nitrate 
Solution

U/TRU Blend at Desired 
Fuel Composition

LWR 
Spent 
Fuel

Xe, Kr, CO2

GNEP Thermal Management Flowsheet Design

5



GNEP  Presentation May 2008            052108-6

Systems Analyses led to the definition of an 
Integrated Waste Management Strategy

Risk Based disposal of radioactive waste
– Waste partitioned by similar chemistry 

and similar risk
– Oxidized elements – glass 
– Metallic elements – metal alloy
– More durable forms in less volume
– Volume reduction up to 6.5x vs. glass
– Use provisions similar to 10 CFR 61 

with added radionuclides
– Applicable to all radioactive wastes

Integrated waste management considers WM in design of fuel cycle
– Emphasizes recycle and reuse considering value of material and cost 

avoidance of disposal
– Integrates current EM GTCC EIS effort
– Collaborative approach among DOE-NE/EM/RW and NRC/EPA
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GNEP: Critical Technology Issues
Need to be informed by scientific knowledge and industrial 
practices
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Transmutation Fuel Research and Development Campaign 
working to achieve fuel qualification of TRU-bearing fuel 
assemblies using domestic and international capabilities.

Fabrication Development 
– Bench scale fabrication is currently performed in existing facilities to demonstrate feasibility.
– Remote fabrication will be developed in existing DOE hot cell facilities to allow the use of real 

separations material including high specific activity isotopes (ie, Curium) in  the next 5 years. 
– Lead-Test-Assembly (LTA) fabrication will require a new domestic facility or an international 

collaboration facility.

Irradiation of TRU bearing fuel
– Screening irradiations currently performed in non-prototypic irradiation facilities (ATR and 

possibly HFIR; MTS in the future).
– Prototypic steady state irradiation and examination is currently conducted (FUTURIX-FTA) in 

Phénix (shutting down in 2009) and being pursued in Joyo, Monju, and BOR-60.
– LTA irradiation and qualification will be needed, new domestic or international fast reactor and 

TREAT for transient testing.
Facilities are critical for the future: AFCF, MTS, ABR
Cross-cutting modeling and simulation effort is being pursued to 
obtain a revolutionary capability allowing reduced experiments in the 
future.
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9

TRU bearing metal and oxide fuels have demonstrated performance 
and feasibility to ~6 at% and current testing will extend this to ~15 to 
20 at%.

Metals – performance similar to
(U, Pu, Zr) and the onset of swelling at 

higher burnup than conventional 
(U, Pu, Zr)

Nitrides - have had difficulty with consistent
fabrication but have performed as expected under irradiation.

Oxides - performance and
microstructure develops

similar to conventional
MOX.

6.0 at.%
6.8x1020 f/cm3

Development of microstructures in TRU bearing metal and oxide fuel is consistent with 
that seen in conventional metal and oxide fuel with no additional mechanisms 
identified.  Nitride fuel has performed as expected from the historical database on UN 
and U-PuN fuels except for difficulties in fabrication consistency.

9
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Feasibility of aqueous and electrochemical 
separations has been demonstrated

Address LWR and transmutation fuels, 
driven by repository requirements (e.g. 
volume, heat load, toxicity)
Small-scale aqueous flowsheet tests with 
actual LWR met separation criteria (>99% 
recovery). ANL tests of UREX; future 
ORNL coupled tests (CETE)
Engineering-scale (10-15 MT/yr) aqueous 
separations equipment testing capability 
developed for cold testing
Fast reactor spent fuel processing 
demonstrated for uranium recovery (97.6% 
recovery)
Recovery of uranium and transuranic 
elements at engineering scale using 
electrochemical methods
Initial oxide reduction capability 
developed at kg scale (surrogates) and 50 
g scale (>99% efficiency with actual fuel)

10
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Example of a UREX Flowsheet
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Separations Technology Development Strategy

Further develop and validate process models and 
utilize for process optimization and waste minimization
Understand balance-of-plant issues (acid recycle, 
solvent losses, solvent wash, noble gas capture, etc)
Perform integrated testing of separation processes to 
demonstrate controllability, understand interactions 
between processes, determine long-term solvent 
stability, and establish overall process reliability

– Engineering-scale testing with surrogates and 
uranium

– Verification testing with small-scale equipment 
and spent nuclear fuel to confirm engineering-
scale results

Develop and demonstrate advanced transuranic 
recovery methods
Scale-up oxide reduction and electrorefiner capacity 
Stronger interactions between engineering and basic 
sciences (sigma-teams)
Strong collaborations with the French CEA have led to 
fast down selections of options

Acetohydroxamic acid to Zr/Arsenazo III Ratios
[Zr+4]: [Arsenazo III] = 0.80:1

[AHA]:[Arsenazo III] = 0.00:1 to 17945:1
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Path Forward to Future Commercial ABR’s

Improved safety, reliability and economics are 
needed to achieve long term commercialization of 
Sodium Cooled Fast Reactors

Pursue cost reduction design features and 
simplifications:
– Compact configurations and components
– Improved performance, efficiency
– Advanced materials
– Improved in-service inspection techniques
– New modeling and simulation techniques and codes

Improve infrastructure to support SFR development 
– Need to rebuild U.S. infrastructure and leverage 

capabilities of our international partners 
– Human resources

Strong international collaborations are expected 
with France and Japan compact fuel handling system

Improved safety, reliability and economics are required to commercialize 
SFRs …and these are the key areas of our research program

Cost reduction is a pre-requisite to future Utility Investment… ..GOAL is 
electricity production that is competitive with ALWRs

******* ******** ***********
We will pursue a variety of cost/performance improvements
• compact designs >>>>reduce commodities
• more efficient power conversion
• better materials…higher burnup fuels
• Plants that are cheaper to operate and maintenance 
• New modeling and simulation techniques and codes
------- --------- --------- -------------
We have to address Deterioration of domestic infrastructure…..

20-30 years ago we had a good SFR infrastructure..
….after decades of decline, we lack the testing and support facilities 

needed to fully support SFR development
We need to restore some domestic capabilities & work with our 

international partners to leverage joint infrastructure development & use
We also need to address the “human element” …designers, researchers, 

regulators, craftsmen
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Goal: an advanced, fully integrated multi-physics code 
– Coupled neutronics, thermal-hydraulics and structural 

mechanics calculations for design, operations, and safety
Enable accurate predictions of system performance

– Define service conditions for fuels, materials, and components
– Quantify performance advances and increase assurance of 

performance gains
• prior to system operation

Reliably characterize and reduce modeling 
uncertainties, which necessitate over-conservatism in 
design

Enable a more efficient, integrated design process

M&S is the key area for US International Leadership 

Modeling and Simulation

Group 1 Flux

Power Distribution

(Modelling & Sim) My car probably has more computing power than what 
was used to design SFRs 30 years ago…

….Now we have TERA and PETA flop machines…

Our goal in this area is to produce an integrated, high fidelity code that 
improves and simplifies the design process

•E.g., integrated thermal-hydraulics, structural mechanics and neutronics 
calculations

These coupled calculations will:
• enable accurate predictions of overall system performance
• reliably characterize and reduce uncertainties & reduce over-

conservatism in design and  facilitate regulatory acceptance

High performance 3-D simulation tools will also be developed to visualize 
phenomena 

Modern computing tools can also integrate the design process resulting in 
vastly improved and labor efficient design process.
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Safeguards Development Needs

Advanced measurement techniques and approaches
– Direct measurement of spent fuel, Pu in presence of minor 

actinides, electrochemical processing, bulk and flowing samples 
(active and passive)

– Expansion of neutron balance concept
– Advanced x-ray, gamma-ray, alpha spectroscopy

Nuclear physics and chemical data 
– Gaps exist, reduce uncertainties/increase confidence, enabling 

for new measurement approaches
Process monitoring 

– Online chemical analysis, radiation monitoring, other (flows, pH, 
etc.)

– Trend, diversion analysis
Safeguards analysis and modeling, information 
technology

– Safeguards performance and optimization, data protection and 
authentication

– Instrumentation design including basic materials science
– Facility, site, regional analysis 

Safeguards envelope 
– Putting it all together to enable real time knowledge extraction of 

facility operation 

15
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DOE Regulatory Compliance / NRC Engagement

Potentially large schedule risk due to uncertain regulatory framework
– Regulatory framework for either sodium fast reactors or reprocessing plants has 

not been exercised for a long time
– Requirements have evolved over time
– Historical data is probably useful, but only if it can be qualified for use in license 

application

DOE is placing emphasis on this early in the R&D program because
– Licensing requirements will drive data needs
– DOE owns most of the data and qualifying this is crucial
– DOE facilities will be needed to generate new data for licensing

Regular interface between DOE/NRC liaisons
– Memorandum of Understanding / Interagency Agreement

DOE/NRC Technical Information Exchanges
– Ongoing series of technical exchanges on GNEP program elements

I wanted to highlight a few things that we are doing in the regulatory 
arena..
------ ------- ----------- --------------
DOE initially evaluated licensing options (DOE vs. NRC) and a 
regulatory compliance strategy for the ABTR…
….we also performed a preliminary analysis of the 64 GDC
In 10CFR50 Appendix A, …how compatible with SFR design

Going forward….additional support from Regulatory Crosscut
…assesses regulatory requirements and ensure consistent 
approaches

------ -------- --------
Established regular interface between DOE/NRC liaisons

(ANDY) Memorandum of Understanding / Interagency Agreement

My team has established an ongoing series of technical exchanges on 
SFR technology and safety
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International Collaboration

International collaborations have brought significant value to 
the program:
– Nuclear data, integral data, and validation methods
– Transmutation analyses
– Systems analyses
– Flowsheet development
– Access to irradiation facilities

Future priorities:
– Continued access to irradiation facilities
– Flowsheet development
– Modeling and simulation

17
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Personnel

Strengthening universities essential to developing needed expertise for 
industry, government, regulators and laboratories
In FY09 we are planning to dedicate 20% of our budget to universities
Fellowships

– Support masters and doctoral students
We are exploring establishing Centers of Excellence
– Stabilize funding (5 years)
– Build capability (labs, equipment, professors)
– Additional funding through competitive solicitations
– Competitively selected
– Key areas

• Radiochemistry/Actinide Chemistry
• Safeguards
• Advanced Materials
• Fast Reactors
• Advanced Fuels 

18
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Conclusions

Advanced fuel cycles and international fuel services are complimentary in 
addressing global proliferation issues
Technical challenges have been identified
The R&D program to address these challenges is:
– Requirement driven
– Is incorporating the latest scientific advances
– Is being informed by input from industrial experience
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