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•Used to model the production and movement of 
Radionuclides in the whole nuclear cycle

» Models: Reactors, Stores, Ponds, Fabrication and Reprocessing 
Plants

•Can be used to compare the economics, environmental 
effects and proliferation resistance of new fuel and reactor 
type

» Systems Include: MOX, Fast Reactors, Thorium, ADS etc
» Effects on: Stockpiles, Resources, Costs, Radiotoxicity etc

•Models can extend over hundreds/thousands of years and 
can include multiple reactor and fuel types

ORION Overview
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ORION Overview

• User can add any number of buffers, fabrication plants, 
reactors, processing plants

• Calculations performed                                                             
on yearly interval

• Can track up to 2550                                                        
nuclides

• Models decay

• Models transmutation:

• Using pre-calculated                                                          
inventories from                                                         
ORIGEN/FISPIN

• Using reactor specific                                                                  
cross section library from                                              
CASMO/ECCO  and user                                                            
defined power level
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•UK future fuel cycle options
» Pu management in current and future fleets
» Sustainability
» Environmental impact

•US future fuel cycle options
» GNEP in partnership with Energy Solutions

•European Framework Programmes
» GoFASTR
» PUMA
» SUCCESS
» THORIZON

•Others
» Support to UK energy review
» Value of RepU

ORION Overview
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•Several tools developed and evolved as tools for the 
expert and commercial user

•Only originally intended for BNFL use - not for Sale

•Used in support of numerous projects
» Energy review, support to NDA, GNEP, Generation IV etc

•Tools include:-
– ENRIC: calculates $/kg given enrichment

– RUCALC: technical and economic assessment of reprocessed 
uranium Rep U

– PFC: calculates fissile coefficients for MOX fuel

– REAP: reactor (and energy generation) economics, inc Gen IV

– FCE: fuel cycle technical & economics analysis

– ORION: fuel cycle scenario modelling tool

Other fuel cycle modelling tools
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Other codes required

• ORION relies on other codes to determine data:

• CASMO-4 (Studsvik) – nuclear physics lattice 
code; calculates x-sections, efmcs for LWRs       
(also MAGNOX, AGR, CANDU and RBMK)

• ECCO (CEA) – nuclear physics lattice code; 
calculates cross sections for fast reactors

• SIMULATE-3 (Studsvik) – nodal code;    
calculates cycle lengths and required fuel 
enrichments for LWRs

• ERANOS (CEA) – nodal code; used to calculate 
cycle lengths and required fuel enrichments / Pu 
and MA fuel fractions

• FCE (NNL) – used to quickly determine required 
fuel enrichments for given burnup and fuel 
strategy
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RESULTS
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Results – phase 1

• AIM: to calculate spent fuel inventory as of 2010 from current 
PWR and BWR fleet

• Assumptions

• Assumed spent fuel from current reactors produced 
gradually since start-up

• 2552 nuclides tracked

• PWR fuel: 
– 39 GWd/tHM

– 3.43w/o

• BWR fuel:
– 32 GWd/tHM

– 2.39w/o
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ORION model (phases 1, 2, 3 and 5)
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Results – phase 1 (Cumulative spent fuel as of 2010)

MORE
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Results – phase 2

• AIM: to calculate spent fuel inventory as of 2100 from current and 
future PWR and BWR fleets

• Assumptions

• All future fuel > 2010 discharged at 55 GWd/tHM

• Start dates for new build fleet set such that total nuclear 
generation installed capacity remains at 100.3GWy(e)

– first new build unit comes on line in 2012 due to closure of Vermont Yankee in previous year.  
Unrealistic but okay for benchmarking purposes

• Limitation in ORION: fuel must be resident in a reactor for an 
integer number of years and fuel cycle must be 12 months 
long. To model 55 GWd/tHM discharge burnup:

– set to 5 years for PWR fleet and 6 years for BWR fleet

– Set core mass such that burnup attained after 5 years in a PWR / 6 years in a BWR is 55 GWd/tHM. 

– Yearly discharge mass will be correct. Final core discharge at EOL will be slightly wrong
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Results – phase 2
(Cumulative spent fuel as of 2100

Uranium ore requirements for new build fleet only)

MORE
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Results – phase 2 (Cumulative spent fuel as of 2100)

MORE
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Results – phase 3

• AIM: to model the disposal of fuel in a repository

• Two separate perturbations (1500MT/year and 3000MT/year 
throughputs for repository)

• Assumptions

• Processing throughputs defined by heavy metal mass.

• Not possible to preferentially choose either the newest or oldest 
fuel downstream from a processing plant (repository or 
reprocessing plant) (   )

– Since any fuel entering a buffer (    ) is combined with any material already 
present.  All history of individual fuel movements lost

– Preferentially discharge all fuel from the following spent fuel streams in 
following order: 

– PWR fuel discharged before 2010 / BWR fuel discharged before 2010
– PWR fuel from current fleet discharged after 2010 / BWR fuel from current fleet discharged after 2010
– PWR fuel from new build fleet / BWR fuel from new build fleet
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Results – phase 3 (1500MT/year)
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Results – phase 3 (3000MT/year)
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Results – phase 4

• AIM: to model the reprocessing of material under equilibrium 
conditions

• Six separate perturbations performed:
– All spent fuel reprocessed is 5 years old and is reprocessed at a rate of 1500MT/year

– All spent fuel reprocessed is 25 years old and is reprocessed at a rate of 1500MT/year

– All spent fuel reprocessed is 50 years old and is reprocessed at a rate of 1500MT/year

– All spent fuel reprocessed is 5 years old and is reprocessed at a rate of 3000MT/year

– All spent fuel reprocessed is 25 years old and is reprocessed at a rate of 3000MT/year

– All spent fuel reprocessed is 50 years old and is reprocessed at a rate of 3000MT/year

• Assumptions

• Assumed new build fleet size from phase 3 (i.e. 100.3GWy(e) 
installed capacity)

• Reprocessing throughputs are given as heavy metal masses
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ORION model (phase 4)
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Results – phase 4 (5 years old / 1500MT/y)
MORE
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Results – phase 4 (25 years old / 1500MT/y)
MORE
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Results – phase 4 (50 years old / 1500MT/y)
MORE
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Results – phase 4 (5 years old / 3000MT/y)
MORE
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Results – phase 4 (25 years old / 3000MT/y)
MORE
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Results – phase 4 (50 years old / 3000MT/y)
MORE
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Results – phase 5

• AIM: to model a disposal and reprocessing scenario

• Assumptions

• Not possible to preferentially choose either the newest or oldest 
fuel downstream from a processing plant (repository or 
reprocessing plant)

– Freshest PWR spent fuel reprocessed first by preferentially reprocessing 
PWR fuel from future new build fleet first

– Oldest spent fuel disposed of first by preferentially disposing BWR and PWR 
fuel from historic and current fleets first

– Unlike other ORION models, number of nuclides tracked only 104 due to 
the large number of inventory calculations required to perform calculation

Uranium ore requirements for new build fleet only)
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Results – phase 5 (1500MT/y reprocessing)
MORE
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Results – phase 5 (3000MT/y reprocessing)
MORE
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