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Geologic Disposal Safety Assessment Framework
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US Spent Nuclear Fuel (SNF) and High-Level Waste (HLW) Inventory
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Projection assumes full license renewals and no new reactor construction or disposal.

CSNF - commercial spent nuclear fuel
DCSS - dry cask storage system

MTHM — metric tons heavy metal

YMP - Yucca Mountain Project

Modified from Freeze et al. 2019

Projected volumes in m3

Vitrified HLW
Other HLW
Metallic SNF
Other SNF

\

Commercial SNF volume estimated assuming constant rate of
nuclear power generation and packaging in dual purpose canisters of
existing design.

Commercial SNF
183,896
85%

DOE waste volume estimated assuming calcine is treated by hot
isostatic pressing, Na-bonded fuels undergo electrometallurgical
treatment, Na-bearing wastes undergo fluidized bed steam
reforming, and all other HLW wastes are vitrified.

From a presentation by John W. Herczeg to the 2015 Annual Meeting of the
National Council on Radiation Protection and Measurements, March 16, 2015
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Generic Reference Cases
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5 I Capability Development in PFLOTRAN for High Heat Loads

High heat loads give rise to:

° Temperature-dependent properties and processes

> Highly nonlinear multiphase flow processes

CauchyS&D
(steepest descent)

Newton Step
& Direction

Mariner et al. 2020

The Newton Trust Region Dogleg Cauchy method.

The algorithm corrects the Newton step-and-
direction by reducing the trust region and adds
Cauchy step-and-direction if the solution update
can be improved further in the same iteration.
NTRDC reduces computation time by a factor of
approximately 35.



6 | Capability Development in PFLOTRAN for Various Waste Forms

Variety of waste forms, e.g,,
> Commercial SNF (UO,)

> Vitrified high-level waste
o Metallic SNF

Variety of dissolution models, e.g,,
° Fractional rate law
> Mixed potential model
° Transition state theory

> Instantaneous degradation

Mariner et al. 2016; 2017
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7 I Capability Development in PFLOTRAN for Various Host Rocks

Variety of host rocks gives rise to variety of processes affecting flow and transport, e.g.,
o Salt reconsolidation and creep
° Buffer swelling, erosion, and/or alteration

o Fracture/matrix interactions

Discrete Fracture Network Equivalent Continuous Porous Medium

dfnWorks +
PFLOTRAN
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Stein et al. 2017
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