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* Model Development
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Background for the Inventory

Process Model (IPM)

— The B-SOAR is a flexible performance assessment computer
model designed to gain rapid insights in various geologic
disposal scenarios (3-SOAR: A Flexible Tool for Analyzing
Disposal of Nuclear Waste)

— The B-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 B-SOAR
model.

— Variability in fuel cycle characteristics were considered
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}Cl 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

e initial Uranium-235 enrichment
e Burn up

e average reactor power level

— |PM calculations are on a per metric ton basis
for consistency and mass balance

4 Protecting People and the Environment



Development Considerations

 Given the range of variables, data overload can
be rapidly reached

— Example: Detailed PWR/BWR calculations

[Enrichment] x [Burnup] x [Avg Pwr] x [Assembly]
9 X 9 X 2 X 4 = 648

 Calculations were performed for a subset of the
potential combinations for interpolation

e Additional more detailed calculations assessed
the adequacy ofthe interpolation
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,7 Assumptions: Instant Decay of

f\) Np-237 Precursors

 The predicted Np-
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fl Assumptions: Nitrogen Impurities

e C-14 1s mostly produced via activation of
Nitrogen impurities

e C-141s quite mobile and readily absorbed
into living organisms

« Assumed 100 g/MTHM [ppm] of Nitrogen
impurities

 Results: For a fixed amount of Nitrogen, the
C-14 inventory:

— Increases with increasing burnup, and
— Decreases with increasing enrichment
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,) Assumptions: Mixed-Oxide

}.\> Characteristics

« Simplifying assumptions:
— Only PWR MOX 1s modeled
— Assembly burnup is fixed at 40 GWd/MTHM

— A delay 0f0.001 yrs 1s modeled between removing
the spent fuel from the reactor and reprocessing

— The delay before loading isn’t modeled, so no Pu

decay products are included in the fresh MOX
compositions
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Comparing Assembly Production of Pu—239 (% Pu—23% in Pu) on a 1 MTU feed basis
LOWY Fover

gellx10-5 = Red

wilduld = Green

wl5x15 = Blue
w1717 = Yellow

B0

Enrichment [gsl)-235) Burnup [GwDikTL)

Origen-ARP only accepts Pu-239 values between
70 and 50 % ofthe total Plutontum for the MOX
fuel starting composition
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,) Inventory Process Model

}.\> Development

e The database forradionuclide inventories was
generated from Origen-ARP runs:

— Runs and data aggregation are fully automated using
in house scripts (Python, Mathematica™)

— The IPM s a pre-processing model, with radionuclide
iImventory characteristics manually input into SOAR

— SOAR implementation allows the user to select
burnup and enrichment values for the SNF inventory
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f\) Inventory Process Model Development

Assembly Type .
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f\) Workflow for Inventory Process Model

Python Script:
createPWRBWRcases.py

Assembly Type SCALE 6.0
[ gel10x10-8, wl4x14, ... ] c
Burnup (GWd/MTU) | Python Script: Input PRISM
[20,22.5, 25, ... 60] ’ buildbatchfileandrun.py | Files
Initial U-235 Enrichment
[2,2.25,2.5,...6.0] ¢ ¢
Average Power (MW/MTU)
[20.50 ] SCALE 6.0
: |
Origen-ARP _ |
Python Script: J

Output to — - createMOXcases.py
SOAR & 1’

1. SNF Inventory: |
3D Lookup PlotOpus Data PlotOpus Data
Table Files for MOX Files for SNF
(radionuclide,
burnup,

enrichment)
2. MOXInventory

Mathematica™
processOriginresults.nb
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}’l Calculating the 2010 Inventory

« Assumed 100 operating
reactors 1000

 With 20 MTHM/yr/reactor

throughput through 2010 100

e Initial U-235 enrichment .
was 5 wt% U-235 .

e Burnup was assumed to | I | | |
be 40 GWd/MTU

1

Metric Ton
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A/ IPMInputs to SOAR

B-SOAR

‘ Waste Form

Wiew Component ‘

In Development for SOAR 1.0

Waste form proportions tracked in the system:

Fraction of Waste Inventory that is Spent Nuclear Fuel and

Waste Form

Fesultz Home ‘iew Component

Length of Aging Prior to Disposal
{vears) 2010 Inventories only

5

Tatal Murnber of

SMNF LT
sMOX

Waste Packages L

Spent Mixed-Oxide Fuel (the remaining fraction is assumed 0.95

to be High Level Wwaste):

Fraction of the Spent Nuclear Fuel that is commercial SNF 05263

{the remaining fraction is assumed to be sMOX): .
commercial HLY

SMF MO Glass

Inventary Loading Factar | 1 | 1 ‘ 1

Fraction of W Initial

Inventories Availatle for | 1 | 1 ‘ 1

Release:

Degradation Rate Multiplier | 1 | 1 ‘ 1

IPM Provides:

eInitial SNF Inventory
Modifiable additional

SNF inventory
*sMOX inventory
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Spent Nueclear Fuel

Spent Mixed-Oxide

2010 Radionuclide
Inventory (Metric Tons)

Additional Radionuclide
Inventary (Total Wifaste
Mass in Metric Tons)

High-Level Waste

High-Level Waste

Total Disposed Mass per
Waste Package (grams)

Fraction of Initial Inventary
Available for Release:

Degradation Rate Multiplier

Enable Combined
Oxic/Anoxic Degradation
Rates

Fuel (glass) (ceramic)
| 67892 | 677 | 4140 | 108

o o o o
| 1e+007 | 1e+007 [ 1e+007 | 1e+007

[] Check to Enable

[] Check ta Enable

Initial U235
Enrichrmert (%)

Burnup walue
(GWeMTL)

’TD

40 O

Mat Applicable

Mot Applicable

Waste Form
Loading Factor (%)

Mot Applicable

Mot Applicable

EN
N
Mat Applicable

Mat Applicable

Mot Applicable
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Mot Applicable

Mot Applicable

Mat Applicable
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}'l Results: Example Application

* 10,000 MTHM

« Case A (2/20):
— 2% 1nitial U-235 Enrichment
— Burnup of 20 GWd/MTU

« Case B (6/60):
— 6% 1nitial U-235 Enrichment
— Burnup of 60 GWd/MTU

 Early waste package failure
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f\J Results: Radionuclide Inventory
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Results: Waste Form Release

f\).) Rates
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