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Reference GNEP Vision

Generate electricity by deploying advanced recycling 
reactors (sodium-cooled, fast spectrum, burner reactors) 
fueled by recycled uranium and transuranic elements

Separate out relatively short-lived wastes to reduce heat 
load in a geologic repository 

Dramatically reduce amount of long-lived wastes to 
minimize potential dose to public from repository

Reduce waste volume to enable life extension of repository

Initial GNEP facilities consist primarily of technologies that 
are operational at full-scale today, incorporating 
technology advances over time through modifications and 
expansions

Converting used reactor fuel into reusable products and more manageable wastes
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Reference GNEP Approach

Dual-path, industry-led separations process approaches: Aqueous and Electro-
Metallurgical
Advanced recycling reactor partially funded by industry and/or international sources
Consolidate used reactor fuel for process storage at nuclear fuel recycling center site
Short-lived waste management: decay storage followed by LLW disposal
Long-lived waste management: use existing process technologies (e.g. vitrification) to 
safely package wastes.  Match waste hazards with best disposal options.  Consider 
regulatory and policy changes needed to enable improved waste management (e.g. 
NWPA amendment).
Technology development supports industry needs (e.g. Iodine capture, sodium 
infrastructure, advanced safeguards)
Industry determines commercial GNEP facility capacities, degree of technology 
innovation, siting and expansion
Use MOX project to supply U/Pu fuel for ABR start-up
Modeling and simulation used to optimize GNEP technologies and advanced fuel 
qualification
Follow-on GNEP facilities, after the initial GNEP CFTC and ABR to contain evolutionary 
changes to improve recycling, transmutation, proliferation resistance and economics
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Reference Research and Technology Development 

Plans

DOE conducts R&D to support industry built facilities and develops and 
demonstrates technology innovations at DOE National Labs

– Near-term Activities
• Demonstration of U/Pu/Np separations
• Fabrication and qualification of U/Pu/Np fuel
• Iodine (and other radioactive gas) capture and waste form 

development
• Am/Cm separation, waste/product form development
• Fission product process and waste form development
• Electro-metallurgical process waste/product purity development
• Sodium infrastructure development

– Longer-term Activities
• U/TRU fuel development
• More complete separations and waste form development
• Advanced recycle reactor economic improvements
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The Global Nuclear Energy Partnership (GNEP)

The GNEP program is designed to enable the continued global 
use and expansion of nuclear power by addressing issues that 
may adversely affect the use of nuclear power
– Question of the disposition of the highly radioactive spent nuclear fuel

Implementation of GNEP is intended to greatly reduce the 
potential environmental impact from the use of nuclear power 
that is associated with disposition of spent nuclear fuel

The GNEP Approach
– Replace the direct disposal of commercial spent nuclear fuel with 

processing to separate many of the hazardous radioactive elements 
from the potential waste stream, and only disposing of processing waste

– Recycle some of the recovered elements in sodium-cooled fast reactors 
to transmute or fission these elements into shorter-lived and less 
hazardous fission products
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GNEP Replaces the ‘Once-Through’ Approach

With the ‘once-through’ approach, 
all radioactive materials are sent 
to geologic disposal in 
commercial spent fuel

With the GNEP approach, only 
high-level waste forms that 
contain processing losses and 
less hazardous fission products 
are sent to geologic disposal

GNEP

Once-through
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Characteristics of the Once-Through Approach

For the ‘once-through’ approach, the direct disposal of 
commercial spent nuclear fuel is planned for the geologic 
repository at Yucca Mountain
– Deep geologic disposal to isolate the hazardous radioactive materials 

from the inhabited environment

– Engineered systems to provide robust performance of the waste 
disposal system for extended periods of time

• Reduces importance of shorter-lived radioactive isotopes
As a result, the peak dose rate for exposure caused by releases 
from Yucca Mountain is mainly from a few radioactive isotopes 
of actinide elements and their decay products
– Neptunium, Plutonium, Americium, Curium, and Uranium

GNEP is evaluating processes to remove these elements from 
spent fuel and recover them for recycle
– Estimated peak dose rate for releases from the repository are much 

lower for the process waste as compared to direct disposal of spent fuel
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Geologic Disposal Options

As a result of processing the spent nuclear fuel, the high-level 
waste requiring geologic disposal would be much less 
hazardous, creating options for use of geologic repository space
1) Place process waste from the same amount of spent fuel in the repository 

as would have been disposed directly

• Large reduction in estimated peak dose rate (~ 100 times less)
2) Place process waste from a greater amount of spent fuel in the repository

• Achieve the same estimated peak dose rate as for direct disposal of 
far less spent fuel

• Disposal of waste from fuel that generated significantly more energy 
(~ 100 times more) in the same repository space

3) Combine the two options, with waste from a greater amount of spent fuel 
placed in the repository, while still achieving a dose rate reduction

• For example, placement of waste from ~ 10 times more spent fuel 
while reducing the peak dose rate by about a factor of 10 
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Potential Drift Loading Increase 
Factor for Spent LWR Fuel

1
0.1

0.01
0.001

1
0.1

0.01
0.001

225.0

94.0

10.5
1.0

175.0

91.0

10.3

1.0

54.0
44.0

10.0

1.0

5.7
5.5

4.4
1.0

Fraction Pu, Am, & Cm
in Waste

Fraction Cs & Sr
in Waste

Limited by  200 ºC Drift Wall 
Temp. at Emplacement

Limited by 96 ºC
Mid-Drift Temp. 
>1600 yrs Limited by 200 ºC Drift 

Wall Temp. at Closure

Assumptions
Burnup: 50 GWd/MT 
Separation: 25 years
Emplacement: 25 years
Closure: 100 years

Potential for Increased Use of Repository Space

For options #2 and #3, placement of the waste from a greater 
amount of spent fuel in the same repository area requires 
consideration of repository design limits
– Loading of the proposed repository at Yucca Mountain is determined 

by temperature limits on the repository system

– Temperature limits are reached due to decay heat generation

Processing must remove 
actinide elements and fission 
products to limit decay heat
– Plutonium, americium and 

curium are removed to reduce 
the dose rate

– Cesium and strontium are 
removed for separate decay 
storage before disposal
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Fast Reactors for Actinide Recycle in GNEP

Fast reactor recycle treats the actinide elements recovered from
both spent LWR fuel and spent fast reactor recycle fuel

Processing goals for spent fast reactor fuel need to be the same
as for spent LWR fuel, with removal of actinide elements to 
reduce the dose rate, and separation of cesium and strontium to 
lower the decay heat

Impact on repository drift loading comes from both spent LWR 
fuel and fast reactor fuel processing wastes

The geologic disposal of the two waste streams is synergistic
– Drift loading of fast reactor waste is limited by longer-lived actinides

– Drift loading of waste from the spent LWR fuel is dominated by shorter-
lived fission products

Allows the combination of the two waste streams to achieve 
essentially the same benefit as for LWR process waste alone
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Fundamental GNEP Processing Requirements

Whatever processing approach is selected for GNEP, the process 
must have the following characteristics
1. Separation of all of the actinide elements

• Removal of one actinide element is ineffective in lowering dose rate
• Removal of Pu & U reduces peak dose rate by a factor of ~5
• Removal of Pu, U, & Am reduces peak dose rate by a factor of ~10
• Removal of all actinide elements reduces peak dose rate by a factor of ~100

2. Additional separation of cesium and strontium is preferred

• Decay heat limits loading of waste forms and repository drifts
3. All process wastes must have identified, reasonable, and plausible waste forms 

and disposition paths

• Goal is: No liquid wastes requiring long-term storage
Processing options are available today, based on at least two different 
principles
– Aqueous processing, such as UREX+

– Non-aqueous processing, such as electro-metallurgical



12

U:        uranium (contributor to dose rate, and the mass and volume of high-level waste)
Tc:      technetium (long-lived fission product, minor contributor to long-term dose)
Cs/Sr: cesium and strontium (primary short-term heat generators, affect waste form loading and repository drift loading)
TRU:   transuranic elements: Pu - plutonium, Np - neptunium, Am - americium, Cm - curium (primary long-term dose rate contributors)
Ln:      lanthanide (rare earth) fission products 
FP:     fission products other than cesium, strontium, technetium, iodine, and the lanthanides

Examples of Some Potential Aqueous Processing 
Options Meeting GNEP Objectives: UREX+  

Notes: (1) in all cases, iodine is removed as an off-gas from  the dissolution process.

(2) processes are designed for the generation of no liquid high-level wastes

Process Product
#1 

Product
#2 

Product
#3 

Product 
#4 

Product 
#5 

Product
#6 

Product
#7 

UREX+1 U Tc Cs/Sr TRU/Ln FP   

UREX+1a U Tc Cs/Sr TRU FP/Ln   

UREX+1b U Tc Cs/Sr U/TRU FP/Ln   

UREX+2 U Tc Cs/Sr Pu/Np Am/Cm/Ln FP  

UREX+2a U Tc Cs/Sr U/Pu/Np Am/Cm/Ln FP  

UREX+3 U Tc Cs/Sr Pu/Np Am/Cm FP/Ln  

UREX+3a U Tc Cs/Sr U/Pu/Np Am/Cm FP/Ln  

UREX+4 U Tc Cs/Sr Pu/Np Am Cm FP/Ln 

UREX+4a U Tc Cs/Sr U/Pu/Np Am Cm FP/Ln 
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Example of Processing and Waste Stream 
Production: UREX+1a 

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
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GNEP Waste Streams and Waste Forms

At this time, the waste streams generated by processing spent 
fuel to achieve GNEP objectives have the same general 
characteristics, regardless of the specific processing approach
– all waste streams must have an identified, reasonable, and plausible 

waste form and disposition path

Example waste streams from aqueous-based processing that 
achieves GNEP objectives
– Lanthanide fission products, uranium process losses and the transuranic 

process losses placed in borosilicate glass

• Disposal as high-level waste in a geologic repository
– Cesium and strontium separated and put into an aluminosilicate or glass 

waste form for decay storage prior to disposal to reduce heat load on the 
repository

• Disposal options will depend on residual content after decay
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GNEP Waste Streams and Waste Forms (cont’d)

– Technetium placed into a metallic alloy waste form

• Disposal as high-level waste in a geologic repository
– Gaseous elements (I, Kr, CO2, Xe) are adsorbed and captured

• Disposal as either high-level (I) or low-level (Kr, etc.) waste after 
decay

– Assembly hardware and cladding hulls as a metallic alloy

• Disposal as high-level waste in a geologic repository
– Transition metal and insoluble fission products placed in a metallic alloy 

waste form

• Disposal as high-level waste in a geologic repository
– Tritium put into grout

• Disposal as low-level waste
No liquid wastes created for long-term storage or disposal

All wastes have an identified, reasonable, and plausible path for 
permanent disposal
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Spent Nuclear Fuel Product Masses as a Result of 
Processing Using UREX+1a

Uranium:Uranium:
414.9 kg414.9 kg

Gases:Gases:
.46 kg.46 kg

Technetium:Technetium:
0.39 kg0.39 kg

TRU Losses TRU Losses 
in in StuctureStucture::
< 0.006 kg< 0.006 kg

Uranium/Uranium/
Plutonium/Plutonium/
Neptunium:Neptunium:

16.7 kg16.7 kg

Americium:Americium:
0.57 kg0.57 kg

Curium:Curium:
0.024 kg0.024 kg

Cesium/Cesium/
Strontium:Strontium:

3.6 kg3.6 kg

Fission Fission 
Products:Products:

18.9 kg18.9 kg
TRU Losses:TRU Losses:

< 0.006 kg< 0.006 kg

Typical Spent PWR Fuel Assembly in the United States today: 50 Typical Spent PWR Fuel Assembly in the United States today: 50 GWdGWd/MTHM /MTHM burnupburnup
Mass:  460 kg Initial Enriched Uranium plus 141 kg cladding and Mass:  460 kg Initial Enriched Uranium plus 141 kg cladding and structural materialstructural material

Structure:
141 kg

Recycle as Fuel
Decay Storage and 
Permanent Disposal

< 1% of the Radiological Hazard
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Overall GNEP Waste Production

Processing of spent LWR and fast reactor fuel can have a 
significant favorable impact on the amount of high-level waste 
produced for a given total energy production
– Processing must meet separations requirements

However, introduction of processing and recycling creates 
other waste streams not present in the ‘once-through’ approach
– Production of other classes of radioactive waste from the operation and 

maintenance of the new facilities

Disposal of low-level waste must also be considered in 
evaluating the overall waste management impact of GNEP
– Must ensure that appropriate disposal waste forms and disposal paths 

exist with sufficient capacity

The GNEP Integrated Waste Management Strategy is currently 
in development to identify and quantify all radioactive waste 
streams for all classes of wastes 



18

GNEP Integrated Waste Management Strategy

The Integrated Waste Management Strategy encompasses all 
GNEP facilities to ensure greatest radioactive waste reduction 
– Evaluate all potential waste streams for waste form and disposition path

• Options examined to identify the best existing approach or research 
need

– Coordinate waste stream creation and disposition from all facilities

• Similar or identical waste streams can be created by each GNEP 
facility 

• Avoid multiple solutions for the same waste problem
• Identify opportunities for combination of waste streams to reduce 

disposal quantities
– Provide feedback to the facility and process designers for proper planning

• Waste stream characteristics and waste form production
• Approaches are complimentary to activities at other facilities

Quantify the disposal needs for all waste streams
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Questions To Be Answered by the GNEP 
Integrated Waste Management Strategy

1. What are the reasonable and plausible approaches for 
management of the anticipated hazardous waste streams?
– Consider different basic processing technologies

– Using existing technologies for waste form production

2. What are the opportunities for development of more advanced 
waste forms to further optimize radioactive waste 
management?
– Are existing waste forms optimized for volume reduction, co-disposal, 

thermal management, etc.?

– Can dose rate be further reduced by improvement in waste forms?

Will Answer the Overall Question :

What is the waste management benefit of GNEP?
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