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Background

• DOE chartered the Evaluation and Screening (E&S) Study in 2011 to strengthen the basis 
for DOE-NE R&D decisions 

o Identify the potential for a nuclear fuel cycle to provide substantial improvements as compared to the 
current U.S. once-through fuel cycle, including both benefits and challenges for development

o Identify promising fuel cycles with the potential to provide substantial improvements, not incremental 
or evolutionary changes

• DOE-NE specified the Evaluation Criteria

• The study was directed to:

o Consider the complete nuclear fuel cycle system from mining to disposal

o Develop a set of fuel cycles that is comprehensive with respect to potential fuel cycle performance

o Develop appropriate evaluation metrics for the criteria

o Explore the impacts of different criteria weighting factors that reflect the range of possible policy 
guidance and illustrate the effects of specific policy choices

• The Evaluation and Screening Team (EST) was established for the E&S study
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• High-level criteria are defined in 
DOE’s Charter for E&S Study

• E&S Team developed evaluation 
metrics, coordinated with input from 
DOE, industry, universities, and 
others through collaborations, 
meetings, and iterations

• 26 metrics are grouped into 
“Benefit” and “Challenge” Criteria
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The EST conducted the Study by comparing the performance of the 40 Evaluation Groups for the 

Evaluation Metrics, the Evaluation Criteria, and combinations of Evaluation Criteria.  The IRT reviewed 

both the approach for creating the comprehensive set and the resulting Evaluation Groups. 
 

2.4 Evaluation Metrics 

The EST developed the Evaluation Metrics as directed by the Study Charter for the nine specified 

Evaluation Criteria, coordinated with input from DOE, industry, universities, and others through 

collaborations, meetings and reviews.  This activity resulted in one or more Evaluation Metrics for each 

Evaluation Criterion along with the justification for each metric and the methods to be used to calculate or 

estimate the metrics.  Appendix C discusses the development and use of the Evaluation Metrics.   

Table 4 shows the metrics for the nine Evaluation Criteria.  The EST noted that the first six Criteria 

represented opportunities for improvement (or "benefit") when compared to the current U.S. fuel cycle, 

while the other three are related to the "challenges" associated with developing and implementing any 

new fuel cycle.  The EST also recognized that the current U.S. fuel cycle would likely perform best for 

the “challenge” criteria relating to development and deployment since this fuel cycle is already in use, 

with the exception of SNF disposal (but disposal capabilities such as those required for SNF are needed 

by all fuel cycles for managing SNF and HLW).  The IRT also reviewed the approach for creating the 

Evaluation Metrics and the set of metrics, with subsequent approval by DOE-NE. 

Table 4. Evaluation Criteria and Evaluation Metrics. 
"Benefit" Criteria 

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  Material attractiveness – normal operating conditions  

Nuclear Material 

Security Risk 

Material attractiveness – normal operating conditions  

Activity of SNF+HLW (@10 years) per energy generated  

Safety  

 

Challenges of addressing safety hazards 

Safety of the deployed system   

Environmental   

Impact  

 

Land use per energy generated 

Water use per energy generated  

Radiological exposure - total estimated worker dose per energy generated 

Carbon emission - CO2 released per energy generated 

Resource Utilization  Natural Uranium required per energy generated  

Natural Thorium required per energy generated  

"Challenge" Criteria 

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 

Financial Risk and 

Economics  

Levelized Cost of Electricity at Equilibrium 

 



Structure of E&S Study
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Nuclear Fuel Cycle Evaluation and Screening Process

Nine Specified 
Evaluation Criteria

Define Evaluation 
Metrics*

Develop 
Comprehensive Set 
of 4398 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  
Multiple Criteria Scenarios

Screen to Identify 
Promising Options

Identify R&D Needs

Key Insights About 
Fuel Cycles

* Included Input from Outside DOE-NE
** Technology-neutral physics-based fuel cycles
Note:  All Activities were Reviewed by the IRT

Fuel Cycle Options

Criteria and Metrics

Evaluation
Screening

• EST identified 4398 fuel cycle 
options, which were reduced 
~640 compressive fuel cycle 
option groups, and reduced 
them again into 40 Evaluation 
Groups (EGs)

• DOE-NE provided nine 
evaluation criteria

• EST defined 26 fuel cycle 
evaluation metrics

• EST calculated metric data of 
40 Evaluation Groups (EGs)

• By comparing fuel cycle 
metrics of 40 EGs, EST 
identified promising fuel cycles



Terminology

• Nuclear fuel cycle

o Complete nuclear energy systems from mining to disposal (e.g., once-through, recycle, limited-
recycle) 

• Fuel cycle options (~4,400)

o A Nuclear Fuel Cycle with specific technologies for enrichment (if needed), fuel fabrication, 
reprocessing (if needed), and used fuel storage or disposal (e.g., once-through PWR with 5% 
LEU fuel). 

• Comprehensive fuel cycle option groups (~640)

o Collection of Nuclear Fuel Cycle Options at the functional level 
with similar fundamental physics principles and fuel cycle 
characteristics (e.g., once-through thermal critical reactors 
with enriched uranium fuel)

• Evaluation groups (~40)

o Collection of Nuclear Fuel Cycle Groups based on similarities 
in expected physics-based performance (e.g., once-through 
with enriched uranium fuel and similar uranium utilization)
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The “everything in between” is referred to as the Nuclear Power Alternative (NPA) of each NES and 

contains the irradiation devices (critical reactor or sub-critical driven system), with supporting facilities 

for enrichment (if needed), fuel fabrication, reprocessing (if needed), and used fuel storage.  The main 

function of the NPA is to produce useful energy, and during performance of this function, fuel materials 

transmute as a result of irradiation.  Given that all NES require fuel resources and spent fuel/waste 

disposal, the differences between NES for the E&S are really differences between the NPA since “fuel 

resources” and “disposal” are considered generically.  As a consequence, in the development of Fuel 

Cycle Option Groups (discussed below), the differences in the NPA reflect all of the differences between 

fuel cycle options in the study.  For this reason, the NPA is referred to as a “fuel cycle option” in what 

follows. 

The following sections describe the key steps/phases in the development of the Evaluation Groups that 

are used in the E&S: 

• Development of a comprehensive set of Fuel Cycle Option Groups that represents the 

performance of all possible approaches for generating and using nuclear power based on 

fundamental reactor physics principles.  Each Fuel Cycle Option Group contains one or more 

specific fuel cycle options, which includes implementing technologies.   

• Collection of Fuel Cycle Option Groups into Evaluation Groups based on similarities in expected 

physics-based performance, and confirmation that these groups are appropriate when all high-

level criteria are considered.  

• Identification of an Analysis Example for each Evaluation Group for the purpose of performing 

reactor physics-based analyses to generate data needed for the metrics associated with the high-

level criteria.  The Analysis Example is defined with implementing technology(s) only for the 

fuel(s) and irradiation environment(s), as the specification of technologies for the rest of the fuel 

cycle is not needed for the analyses. 

Figure B2 shows the hierarchical structure of the results of this process: (1) specific Fuel Cycle Options, 

(e.g., once-through PWR with LEU fuel) which are collected into (2) Fuel Cycle Option Groups (e.g., 

once-through thermal spectrum reactors with enriched uranium fuel) based on fundamental physics 

principles, which are (3) collected based on similarities in performance into Evaluation Groups (e.g., 

once-through fuel cycles with enriched uranium with similar uranium utilization). 

 

Figure B2. Nuclear Fuel Cycle Options, Fuel Cycle Option Groups, and Evaluation Groups. 

 

B-1.   Creation of a Comprehensive Set of Fuel Cycle Options 

In considering approaches for creating a set of nuclear fuel cycle options for the Nuclear Fuel Cycle 

Evaluation and Screening that is comprehensive with respect to fuel cycle performance, the concept for 

Evaluation Group

Fuel Cycle Option Group

• Fuel cycle option

• Fuel cycle option

• Fuel cycle option

• Fuel cycle option

• Fuel cycle option

• Fuel cycle option

• …



Evaluation Groups
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Comprehensive Fuel Cycle Option Groups

• EST utilized discriminators for grouping ~4,400 fuel cycle options into 
comprehensive fuel cycle option groups. 
1. Recycling: Once-through vs. recycle  

2. Reactivity: Critical or sub-critical systems  

3. Neutron spectrum: Thermal, Intermediate, or Fast

4. Feed fuel material: Uranium or Thorium

5. Recycling Element:  U, Pu, MA, TRU, or FP

6. Need for enrichment: Yes or no (not considered assay range)

7. Recycling Stages: a combination of critical and subcritical systems

• 638 comprehensive fuel cycle option groups
o Once-through fuel cycle options: 30 -> 20

o Limited recycling fuel cycle options: 336 -> 308

o Continuous recycling fuel cycle options: 4032 ->  308
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Evaluation Groups

• EST reduced the comprehensive fuel cycle option groups further, using 
two rules  
o Rule 1: group fuel cycle option groups if the expected physics-based performance is similar 

▪ Ignore MA-only and FP-only recycles  

▪ Ignore U-only and Th-only recycling  

▪ Ignore the difference between homogeneous and heterogeneous recycling options

▪ Combine intermediate spectrum systems into a fast spectrum

▪ Delete sub-critical/sub-critical two (or multiple) stage systems

o Rule 2: group the fuel cycle performance characteristics that are similar

▪ Front-end fuel cycle guidance: Uranium (thorium) utilization range: <3%, 3-30%, > 30%

▪ Back-end fuel cycle guidance: Recycling materials: SNF, SNF+HLW, HLW (Once-through, limited, 
continuous)

• 638 fuel cycle option groups were reduced to 40 groups, which is a 
sufficient groups for evaluation and defined as EGs
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40 Evaluation Groups
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Appendix B provides detailed definitions of all of the Evaluation Groups and the included fuel cycles.  

Evaluation Group EG01 served as the “Basis of Comparison”, representing the current U.S. fuel cycle as 

it would be completely implemented including disposal of the spent nuclear fuel. 

Table 3. The 40 Evaluation Groups. 

Evaluation 

Group  

Short Description Indicative of Fuel Cycles in the Evaluation Group 

(Detailed Description of Each Evaluation Group is in Appendix B)  

Once-through  

EG01  Once-through using enriched-U fuel in thermal critical reactors  

EG02 Once-through using enriched-U fuel to high burnup in thermal or fast critical reactors  

EG03  Once-through using natural-U fuel in thermal critical reactors  

EG04 Once-through using natural-U fuel to very high burnup in fast critical reactors  

EG05  Once-through using enriched-U/Th fuel in thermal or fast critical reactors  

EG06 Once-through using Th fuel to very high burnup in thermal EDS  

EG07 Once-through using natural-U fuel to very high burnup in thermal or fast EDS  

EG08 Once-through using Th fuel to very high burnup in fast EDS  

Limited Recycle  

EG09 Limited recycle of U/TRU with new natural-U fuel to very high burnup in fast critical reactors  

EG10 Limited recycle of 233U/Th with new Th fuel in fast and/or thermal critical reactors  

EG11 Limited recycle of 
233

U/Th with new enriched-U/Th fuel in fast or thermal critical reactors  

EG12 Limited recycle of U/Pu with new natural-U fuel in fast and/or thermal critical reactors  

EG13 Limited recycle of U/Pu with new enriched-U fuel in thermal critical reactors  

EG14 Limited recycle of U/Pu with new natural-U fuel in both fast and thermal critical reactors  

EG15 Limited recycle of U/Pu with new enriched-U fuel in both fast and thermal critical reactors  

EG16 Limited recycle of U/Pu with new enriched-U fuel in thermal critical reactors and fast EDS  

EG17 Limited recycle of Pu/Th with new enriched-U/Th fuel in thermal critical reactors  

EG18 Limited recycle of 
233

U/Th with new enriched-U/Th fuel in thermal critical reactors  

Continuous Recycle  

EG19 Continuous recycle of U/Pu with new natural-U fuel in thermal critical reactors  

EG20 Continuous recycle of U/TRU with new natural-U fuel in thermal critical reactors  

EG21 Continuous recycle of U/Pu with new enriched-U fuel in thermal critical reactors  

EG22 Continuous recycle of U/TRU with new enriched-U fuel in thermal critical reactors  

EG23 Continuous recycle of U/Pu with new natural-U fuel in fast critical reactors  

EG24 Continuous recycle of U/TRU with new natural-U fuel in fast critical reactors  

EG25 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in thermal critical reactors  

EG26 Continuous recycle of 
233

U/Th with new Th fuel in thermal critical reactors  

EG27 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in fast critical reactors  

EG28 Continuous recycle of 
233

U/Th with new Th fuel in fast critical reactors  

EG29 Continuous recycle of U/Pu with new natural-U fuel in both fast and thermal critical reactors  

EG30 Continuous recycle of U/TRU with new natural-U fuel in both fast and thermal critical reactors  

EG31 Continuous recycle of U/Pu with new enriched-U fuel in both fast and thermal critical reactors  

EG32 Continuous recycle of U/TRU with new enriched-U fuel in both fast and thermal critical reactors  

EG33 Continuous recycle of U/Pu with new natural-U fuel in both fast EDS and thermal critical reactors  

EG34 Continuous recycle of U/TRU with new natural-U fuel in both fast EDS and thermal critical reactors  

EG35 Continuous recycle of U/Pu with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG36 Continuous recycle of U/TRU with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG37 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in both fast and thermal critical reactors  

EG38 Continuous recycle of 
233

U/Th with new Th fuel in both fast and thermal critical reactors  

EG39 Continuous recycle of 233U/Th with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG40 Continuous recycle of 
233

U/Th with new Th fuel in fast EDS and thermal critical reactors  

Note:  EDS = externally-driven systems (subcritical reactors), and 233U/Th indicates recycle of uranium that is predominantly 
233U with thorium. 
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Appendix B provides detailed definitions of all of the Evaluation Groups and the included fuel cycles.  

Evaluation Group EG01 served as the “Basis of Comparison”, representing the current U.S. fuel cycle as 

it would be completely implemented including disposal of the spent nuclear fuel. 

Table 3. The 40 Evaluation Groups. 

Evaluation 

Group  

Short Description Indicative of Fuel Cycles in the Evaluation Group 

(Detailed Description of Each Evaluation Group is in Appendix B)  

Once-through  

EG01  Once-through using enriched-U fuel in thermal critical reactors  

EG02 Once-through using enriched-U fuel to high burnup in thermal or fast critical reactors  

EG03  Once-through using natural-U fuel in thermal critical reactors  

EG04 Once-through using natural-U fuel to very high burnup in fast critical reactors  

EG05  Once-through using enriched-U/Th fuel in thermal or fast critical reactors  

EG06 Once-through using Th fuel to very high burnup in thermal EDS  

EG07 Once-through using natural-U fuel to very high burnup in thermal or fast EDS  

EG08 Once-through using Th fuel to very high burnup in fast EDS  

Limited Recycle  

EG09 Limited recycle of U/TRU with new natural-U fuel to very high burnup in fast critical reactors  

EG10 Limited recycle of 
233

U/Th with new Th fuel in fast and/or thermal critical reactors  

EG11 Limited recycle of 
233

U/Th with new enriched-U/Th fuel in fast or thermal critical reactors  

EG12 Limited recycle of U/Pu with new natural-U fuel in fast and/or thermal critical reactors  

EG13 Limited recycle of U/Pu with new enriched-U fuel in thermal critical reactors  

EG14 Limited recycle of U/Pu with new natural-U fuel in both fast and thermal critical reactors  

EG15 Limited recycle of U/Pu with new enriched-U fuel in both fast and thermal critical reactors  

EG16 Limited recycle of U/Pu with new enriched-U fuel in thermal critical reactors and fast EDS  

EG17 Limited recycle of Pu/Th with new enriched-U/Th fuel in thermal critical reactors  

EG18 Limited recycle of 
233

U/Th with new enriched-U/Th fuel in thermal critical reactors  

Continuous Recycle  

EG19 Continuous recycle of U/Pu with new natural-U fuel in thermal critical reactors  

EG20 Continuous recycle of U/TRU with new natural-U fuel in thermal critical reactors  

EG21 Continuous recycle of U/Pu with new enriched-U fuel in thermal critical reactors  

EG22 Continuous recycle of U/TRU with new enriched-U fuel in thermal critical reactors  

EG23 Continuous recycle of U/Pu with new natural-U fuel in fast critical reactors  

EG24 Continuous recycle of U/TRU with new natural-U fuel in fast critical reactors  

EG25 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in thermal critical reactors  

EG26 Continuous recycle of 
233

U/Th with new Th fuel in thermal critical reactors  

EG27 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in fast critical reactors  

EG28 Continuous recycle of 
233

U/Th with new Th fuel in fast critical reactors  

EG29 Continuous recycle of U/Pu with new natural-U fuel in both fast and thermal critical reactors  

EG30 Continuous recycle of U/TRU with new natural-U fuel in both fast and thermal critical reactors  

EG31 Continuous recycle of U/Pu with new enriched-U fuel in both fast and thermal critical reactors  

EG32 Continuous recycle of U/TRU with new enriched-U fuel in both fast and thermal critical reactors  

EG33 Continuous recycle of U/Pu with new natural-U fuel in both fast EDS and thermal critical reactors  

EG34 Continuous recycle of U/TRU with new natural-U fuel in both fast EDS and thermal critical reactors  

EG35 Continuous recycle of U/Pu with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG36 Continuous recycle of U/TRU with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG37 Continuous recycle of 
233

U/Th with new enriched-U/Th fuel in both fast and thermal critical reactors  

EG38 Continuous recycle of 
233

U/Th with new Th fuel in both fast and thermal critical reactors  

EG39 Continuous recycle of 
233

U/Th with new enriched-U fuel in both thermal critical reactors and fast EDS  

EG40 Continuous recycle of 
233

U/Th with new Th fuel in fast EDS and thermal critical reactors  

Note:  EDS = externally-driven systems (subcritical reactors), and 233U/Th indicates recycle of uranium that is predominantly 
233U with thorium. o EG02 – high burnup thermal reactor with HALEU fuel

o EG13 – MOX concepts considered by France and Japan

o EG 23/24 – Conventional recycling with fast reactors
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Table B9. Grouping and Analysis Examples for Once-Through Fuel Cycles. 

 

 
Included Fuel Cycle 

Option Groups 

From Table B6 

Key Characteristics 

Characteristics 
Reactivity Spectrum 

Feed 

material 

Recycled 

element 

Requires 

Enrich. 

Evaluation group 

EG01 
OT-C-T-U-Y Critical Thermal U - Yes 

• Natural U feed 

• Enriched to <5 w/o U-235  

• Critical reactor 

• Thermal spectrum 

• Resource utilization ~0.6% 

 

Basis for comparison 

 

Analysis Example 

For EG01 

Option description Once-Through: PWR LEU base case ( 50 GWd/t burnup) 

Reactor ([Startup];Driver; Blanket; Waste) PWR([--]; LEU; --; discharged fuel (DF)) 

Evaluation group 

EG02 

OT-C-T-U-Y Critical Thermal U - Yes • Natural U feed 

• Enrichments in range 5-20 w/o U-235  

• Critical reactors and EDS 

• Thermal or fast spectra 

• Resource utilization up to 3% 

OT-C-F-U-Y Critical Fast  U - Yes 

OT-S-T-U-Y SubCrit. Thermal U - Yes 

OT-S-F-U-Y SubCrit. Fast  U - Yes 

Analysis Example 

For EG02 

Option description Once-Through: HTGR (graphite-moderated, He-cooled)  

Reactor ([Startup];Driver; Blanket; Waste) HTGR([--]; LEU; --; DF) 

Evaluation group 

EG03 
OT-C-T-U-N Critical Thermal U  No 

• Natural U feed 

• No Enrichment  

• Critical reactors 

• Thermal spectra 

• Resource utilization up to 3% 

Analysis Example 

For EG03 

Option description Once-Through: HWR with NU 

Reactor ([Startup];Driver; Blanket; Waste) HWR([--]; NU; --; DF) 

• Uranium utilization of Fuel 
cycle option groups in EG02 
is less than 3% regardless 
of neutron spectrum (fast or 
thermal) and reactivity 
(critical or sub-critical) with 
LEU fuel  

• HTGR with LEU fuel was 
considered as the Analysis 
Example of EG02

Example EGs 
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Generation Metric Data of 40 EGs

• EST pick Analysis Example fuel cycle option in each EG

• The fuel cycle performance data of each EG were calculated using the 
Analysis Example (AE) at the Equilibrium State

• Since each EG consists of multiple fuel cycle option groups and each fuel 
cycle option group consists of multiple fuel cycle options (technologies), 
two tactics were adopted.
o Technology neutral metrics – renormalization of mass flow data using the same thermal 

efficiency

o Binned metrics 

• Calculated physics data are stored using the Fuel Cycle Data Package 
(FCDP) and populated through the Fuel Cycle Catalog. 
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Binned Metric Data – SNF+HLW Mass  
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represent the Evaluation Group, it was considered that binning the metric information derived from each 

Analysis Example would better inform on the Evaluation Groups.  In the following, the metric 

information calculated, the approach for binning, and for re-binning some evaluations groups are 

discussed.   

Figure D-2.1.3 shows the Evaluation Groups ordered by the mass of SNF+HLW disposed per energy 

generated for each Analysis Example.  Bins for the metric data were defined to recognize the variability 

in the mass of SNF+HLW across the different fuel cycle options included in an Evaluation Group, and in 

consideration of the following factors: 

• The calculated mass of SNF+HLW disposed per energy generated varies by two orders of 

magnitude over the 40 Analysis Examples for the Evaluation Groups. 

• Bins should recognize fuel cycles (once-through, limited and continuous recycle) and the 

magnitude of change of the metric over the 40 Evaluation Groups. 

• The highest performing bin was defined by an upper boundary at ~1.65 t/GWe-yr.  This is similar 

to the amount of HLW mass arising if the LWR SNF from the Basis of Comparison (EG01) was 

processed (see sensitivity study in this Appendix, Section D-3). 

 

Figure D-2.1.3. Calculated Mass of SNF+HLW Disposed per Energy Generated for the Analysis 

Examples of the 40 Evaluation Groups Ordered by Decreasing Mass Information. 

The bins that were determined for the mass of SNF+HLW metric, ranging from A (the highest 

performance bin) to F (the lowest performance bin), are presented in Table D-2.1.2. 

Table D-2.1.3 lists the data for the Analysis Example by Evaluation Group number, the original bin 

corresponding to the Analysis Example data in the third column.  For a few Evaluation Groups, the 

calculated mass of SNF+HLW disposed per Energy Generated for the Analysis Example was not 

considered representative of the overall performance of that Evaluation Group, and a decision was made 

to reassign those Evaluation Groups to different bins.  The fourth and fifth columns of Table D-2.1.3 are 

the final metric data and explanations for changes from the initial binning.  For example, the Evaluation 

Group EG07 was re-binned based on the realization that it would have given similar metric data results as 

EG08 if an FFH instead of ADS had been used with similar modeling assumptions in the Analysis 

Example and thus EG07 was placed in the same bin as EG08.  Similarly, EG06 was re-binned in the same 

 

 



Fuel Cycle Data Repository
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Screening Study using Scenarios
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Table F-1.1.1. Criteria Tradeoff Factors Used for Each of the Eleven Scenarios. 

Scenario 

Nuclear Waste 

Management 

Criterion 

Resource 

Utilization 

Criterion  

Environmental 

Impact 

Criterion 

Safety (Safety 

Challenge 

Metric only) 

1.  Equal Criteria Tradeoff Factors 0.25 0.25 0.25 0.25 

2.  Emphasize changes in the Nuclear Waste 

Management Criterion 
0.7 0.1 0.1 0.1 

3.  Emphasize changes in the Resource 

Utilization Criterion 
0.1 0.7 0.1 0.1 

4.  Emphasize changes in the Environmental 

Impact Criterion 
0.1 0.1 0.7 0.1 

5.  Emphasize changes in the Safety Criterion 0.1 0.1 0.1 0.7 

6.  Reduce physical impacts of producing 

nuclear power
(1)

 
0.33 0.33 0.33   

7.  Nuclear Waste Management, Resource 

Utilization, and Safety Criteria 
0.33 0.33  0.33 

8.  Unlimited natural fuel resources 0.33   0.33 0.33 

9.  Resource utilization, Environmental 

Impact, and Safety Criteria  
0.33 0.33 0.33 

10.  Nuclear Waste Management and 

Resource Utilization Criteria only 
0.5 0.5     

11.  Nuclear Waste Management and Safety 

Criteria only 
0.5     0.5 

(1) Criteria tradeoff factors sum to 1.  For this and all other scenarios including three criteria, the tradeoff factors are displayed as 0.33 
but should be understood to represent 1/3. 

 

F-1.2. Scenario Analysis and Results Descriptions 

 Several types of analyses were conducted for each scenario. 

Basis for analyses  

The basis for all of the analyses was the benefit and challenge calculations.  A utility representing benefit 

and a utility representing challenge was calculated for each Evaluation Group, and the results were plotted 

on a Benefit vs. Challenge graph (see example in Figure F-1.2.1).  The utility representing the benefit of 

each evaluation group was calculated using the benefit criteria included in the scenario and the shape 

functions and metric tradeoff factors for the initial Criterion level analyses described in Appendix E.  This 

utility is plotted on the y-axis.  The x-axis is the challenge for each evaluation group, where challenge is 

represented by the utility for the Development and Deployment Risk Criterion, again using the initial 

shape functions and metric tradeoff factors identified in Appendix E.  (The metrics for the Institutional 

Issues criterion were also used for the Development and Deployment Risk criterion, so the x-axis can be 

viewed as representing both of these challenge criteria.)  This analysis and associated plot gives an 

indication of which Evaluation Groups have the potential for improvement, reflected by a benefit utility 

greater than that for the Basis of Comparison (EG01, shown in red).  Evaluation Groups that are higher on 

the y-axis have higher benefit than those lower on the graph.  Similarly, Evaluation Groups that are 

farther to the left on the x-axis pose increasingly greater challenges to develop and implement. 

 

• A screening study was 
conducted with eleven 
scenarios with different 
weighting factors.



Scenario #2 – Emphasize Waste Management 

16Nov 04, 2025

Nuclear Fuel Cycle Evaluation and Screening – Final Report – Appendix F 
October 8, 2014                                                    17 

 

• Recycle fuels  

• Advanced reactors 

– Fast-spectrum reactor and liquid fuel reactor (e.g., MSR)  options 

– Reactor systems with conversion ratio greater than 1 

– Breed and burn reactor concepts that utilize high burnup fuels 

• Externally-driven systems utilizing extremely high burnup fuels 

– For very high burnup with no initial enrichment, fusion-fission hybrid system is desirable for 

high performance.  

 

F-2.2 Scenario 2 – Emphasize the Nuclear Waste Management Criterion 

Definition of the Scenario: This scenario emphasizes change in the Nuclear Waste Management criterion 

over changes in the other three included benefit criteria.  

Criteria Tradeoff Factors: This emphasis is implemented by assigning a tradeoff factor of 0.7 to the 

Nuclear Waste Management criterion and 0.1 to each of three other benefit criteria (Resource Utilization, 

Environmental Impact, and Safety criteria).   

Results 

The benefit and challenge results for this scenario for the 40 Evaluation Groups are presented graphically 

in Figure F-2.2.1.     

 
Figure F-2.2.1. Benefit versus Challenge Results for Scenario 2, Emphasize the Nuclear Waste 

Management Criterion, for the Initial Set of Shape Functions and Metric Tradeoff 

Factors.  
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Emphasize changes in the Nuclear Waste Management criterion

• EG01 does not have any 
challenging issues, but it has the 
lowest benefit 

• EG23, EG24, and EG30 give the 
best benefit in waste 
management 
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3.2 Most Promising Fuel Cycles and Their R&D Needs 

The multiple criteria scenarios and parametric variations of the metric and criteria weighting factors were 

used to identify the promising Evaluation Groups and to determine the robustness of the identification 

with respect to changing perspectives on the relative importance of the benefit criteria.  Among all 

options, three groups of fuel cycles consistently provided the highest improvements compared to the 

current fuel cycle in the U.S. (e.g., as on Figure 4), regardless of the perspective on the relative 

importance of the benefit criteria.  Note that the Evaluation Groups (EGs) are listed in numerical order, 

with a short description indicative of the fuel cycles included in each Evaluation Group: 

• EG23 - Continuous recycle of U/Pu
5
 with new natural-U fuel in fast critical reactors  

• EG24 - Continuous recycle of U/TRU with new natural-U fuel in fast critical reactors  

• EG30 - Continuous recycle of U/TRU with new natural-U fuel in both fast and thermal 

critical reactors  

Table 6 provides a summary of the Metric Data for the six benefit criteria for these three Evaluation 

Groups and the Evaluation Group representing the current U.S. fuel cycle, EG01.  The highlighted metric 

data are those for which potentially substantial improvement is possible with the most promising options. 

Table 6. Summary of Metrics for the Benefit Criteria for the Best-Performing Evaluation Groups. 

 Once-through Continuous Recycle 

Fuel Cycle Option EG01 –  

Current U.S. 

Fuel Cycle 

EG23 –  

U/Pu Recycle, 

Fast Systems  

EG24 –  

U/TRU Recycle, 

Fast Systems 

EG30 –  

U/TRU Recycle, 

Fast and Thermal 

Systems 

Nuclear Waste Management Criterion 

Mass of SNF+HLW, t/GWe-yr  12-36  < 1.65  < 1.65  < 1.65  

Activity @100 years, MCi/GWe-yr  1.05-1.60  0.67-1.05  0.67-1.05  0.67-1.05  

Activity @100,000 years, MCi/GWe-yr  0.001-0.0023  0.0005-0.001  0.0005-0.001 0.0005-0.001 

Mass of DU+RU+RTh, t/GWe-yr  120-200  <1  <1  <1  

Volume of LLW, m3/GWe-yr  252-634  252-634 252-634 252-634 

Proliferation Risk Criterion 

Material attractiveness – normal operating 

conditions 

Unattractive Unattractive Unattractive Unattractive 

Nuclear Material Security Risk Criterion 

Material attractiveness – normal operating 

conditions 

Unattractive Unattractive Unattractive Unattractive 

Activity @10 years per energy generated Highly 

radioactive 

Highly 

radioactive 

Highly radioactive Highly radioactive 

Safety Criterion 

Challenges of addressing safety hazards Reference Similar Similar Similar 

Safety of the deployed system   Yes Yes Yes Yes 

Environmental Impact Criterion 

Land use, km2/GWe-yr  0.1 - 0.2  < 0.1  < 0.1  < 0.1  

Water use, ML/GWe-yr  15000 - 30000  15000-30000  15000-30000  15000-30000  

CO2 emission, kt/GWe-yr  30-60  < 30  < 30  < 30  

Radiological exposure, person-Sv/GWe-yr  0.5 - 5  0.5 - 5  0.5 - 5  0.5 - 5  

Resource Utilization Criterion  

Uranium resources, t/GWe-yr  > 145  < 3.8  < 3.8  < 3.8  

5 Note: U= uranium; Pu = plutonium; TRU = transuranic elements, i.e., atomic number higher than uranium (Neptunium, 

Plutonium, Americium, Curium, etc.); Th=thorium; the term "U/Pu" indicates that uranium and Pu are recycled together, 

similarly the term "U/TRU" indicates that uranium and TRU are recycled together. 

 

                                                      

Performance of Promising Fuel Cycles

• The most promising fuel cycle is 
”Continuous recycling of U/Pu or 
U/TRU with new natural uranium 
fuel in fast or along with thermal 
critical reactors.”

• Compared to the current U.S. 
fuel cycle, the performance 
benefits of the most promising 
fuel cycles are

o Greater than a factor of 10 
reduction in the amount of high-
level waste disposal. 

o Greater than a factor of 1,000 
reduction in the amount of uranium 
disposal. 

o Greater than a factor of 100 
improvement in uranium utilization. 



Conclusions

• Systems Analysis and Integration (aka, Fuel Cycle Options) conducted the 
Nuclear Fuel Cycle Evaluation and Screening study to identify promising 
fuel cycles in the United States
o DOE-NE specified the Evaluation Criteria

o The Evaluation and Screening Team (EST) developed evaluation metrics and procedures

o The E&S study results are available at the Systems Analysis and Integration (SA&I) 
campaign (https://sai.inl.gov/)

• The E&S study concluded that the most promising fuel cycle is 
”Continuous recycling of U/Pu or U/TRU with new natural uranium fuel in 
fast or along with thermal critical reactors.”
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