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Overview

• Introduction  and  Background
• Model Development 

– As s umptions
– Deve lopment
– Workflow

• Example  Applica tion
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Background for the Inventory 
Process Model (IPM)

– The β-SOAR is a flexible performance assessment computer 
model designed to gain rapid insights in various geologic 
disposal scenarios (β-SOAR: A Flexible Tool for Analyzing 
Disposal of Nuclear Waste)

– The β-SOAR currently uses representative values for waste form 
inventories for: spent nuclear fuel (SNF), spent mixed-oxide fuel 
(sMOX), and high-level waste glass (HLW).

• These inventories were derived from publically available 
information

– The IPM was designed to enhance the flexibility of the β-SOAR 
model.

– Variability in fuel cycle characteristics were considered
3



Development Considerations

– The IPM provides a means to analyze the 
effect of variations in the fuel cycle/history on 
the radionuclide inventory

– The IPM considers:
• fuel assembly types
• initial Uranium-235 enrichment
• Burn up
• average reactor power level

– IPM calculations are on a per metric ton basis 
for consistency and mass balance
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Development Cons idera tions

• Given  the  range  of va riab les , da ta  overload  can  
be  rap id ly reached
– Example : De ta iled  PWR/BWR ca lcu la tions

[Enrichment] x [Burnup] x [Avg Pwr] x [As s embly] 
9           x        9      x        2       x         4      =    648

• Calcu la tions  were  performed for a  s ubs e t o f the  
po ten tia l combina tions  fo r in te rpo la tion

• Additiona l more  de ta iled  ca lcu la tions  as s es s ed  
the  adequacy of the  in te rpo la tion
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As s umptions : Ins tan t Decay of 
Np-237 Precurs ors

• The  predic ted  Np-
237 inventory (no  
precurs ors )

• In  the  IPM the  
inventory is  
ad jus ted  to  account 
for ‘ins tan t’ decay of 
Np-237 precurs ors .  
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As s umptions : Nitrogen  Impurities

• C-14 is  mos tly produced via  ac tiva tion  of 
Nitrogen  impuritie s

• C-14 is  quite  mobile  and  readily abs orbed  
in to  living  organis ms

• As s umed 100 g /MTHM [ppm] of Nitrogen  
impuritie s

• Res ults : For a  fixed  amount of Nitrogen , the  
C-14 inventory:
– Increas es  with  increas ing  burnup, and
– Decreas es  with  increas ing  enrichment
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As s umptions : Mixed-Oxide  
Charac te ris tics

• Simplifying  as s umptions :

– Only PWR MOX is  modeled

– As s embly burnup is  fixed  a t 40 GWd/MTHM

– A delay of 0.001 yrs  is  modeled  be tween removing  
the  s pent fue l from the  reac tor and  reproces s ing

– The  de lay before  loading  is n’t modeled , s o  no  Pu  
decay products  a re  inc luded  in  the  fres h  MOX 
compos itions
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Origen-ARP only accepts  Pu-239 va lues  be tween  
70 and  50 % of the  to ta l P lu tonium for the  MOX 
fue l s ta rting  compos ition
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Inventory Proces s  Model 
Deve lopment

• The  da tabas e  fo r rad ionuc lide  inven tories  was  
genera ted  from Origen-ARP runs :

– Runs  and  da ta  aggrega tion  a re  fu lly au tomated  us ing  
in  hous e  s c rip ts  (Python , Mathematica™)

– The  IPM is  a  p re -proces s ing  model, with  rad ionuc lide  
inventory charac te ris tics  manua lly input in to  SOAR

– SOAR implementa tion  a llows  the  us er to  s e lec t 
burnup  and  enrichment va lues  for the  SNF inventory
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Inventory Proces s  Model Development

1. As s embly Type  
[ ge10x10-8, w14x14, … ]

2. Burnup (GWd/MTU)
[ 20, 22.5, 25, … 60 ]

3. U-235 Enrichment
[ 2, 2.25, 2.5, … 6.0 ]

4. Average   Power 
(MW/MTU)
[ 20, 50 ]

Input

I-129

Tc-99

Pu-242

C-14

Lighter Color: ge10x10-8
Darker Color:  w14x14
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Input 
Files

Workflow for Inventory Proces s  Model

1. As s embly Type  
[ ge10x10-8, w14x14, … ]

2. Burnup (GWd/MTU)
[20, 22.5, 25, … 60]

3. In itia l U-235 Enrichment
[2, 2.25, 2.5, … 6.0 ]

4. Average  Power (MW/MTU)
[ 20, 50 ]

Input

Python  Scrip t:
c rea teMOXcas es .py

Mathematica™
proces s Orig inres ults .nb

Python Scrip t:
buildba tchfileandrun .py

Origen-ARP

SCALE 6.0

Output to  
SOAR

1. SNF Inventory: 
3D Lookup 
Table  
(radionuc lide , 
burnup, 
enrichment)

2. MOX Inventory

P lo tOpus Data  
Files  for SNF

PlotOpus Data  
Files  for MOX

Python Scrip t:
c rea tePWRBWRcas es .py

PRISM
SCALE 6.0
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Calcula ting  the  2010 Inventory

• As s umed 100 opera ting  
reac tors

• With  20 MTHM/yr/reac tor 
th roughput th rough 2010 

• In itia l U-235 enrichment 
was  5 wt% U-235

• Burnup was  as s umed to  
be  40 GWd/MTU
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IPM Inputs  to  SOAR
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β-SOAR In Development for SOAR 1.0

IPM Provides:
•Initial SNF Inventory
•Modifiable additional 
SNF inventory
•sMOX inventory



Res ults : Example  Applica tion

• 10,000 MTHM
• Cas e  A (2/20): 

– 2% in itia l U-235 Enrichment
– Burnup of 20 GWd/MTU

• Cas e  B (6/60): 
– 6% in itia l U-235 Enrichment
– Burnup of 60 GWd/MTU

• Early was te  package  fa ilure
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Res ults : Radionuc lide  Inventory
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Res ults : Was te  Form Releas e  
Ra tes
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Ques tions ?
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