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R 5. oEraTENT OF US - ROK Technical Engagement
VENERGY Task 1: Evaluation Tools for
Nuclear Energy Repository Decisions

B December, 2011 to June, 2014: Prior JFCS — FCAWG
Workshops and Technical Exchanges
— US sent GDSA reports and GoldSim files for Generic Granite Model

— US sent GDSA reports describing development and application of
PFLOTRAN-based high-performance computing (HPC) performance
assessment (PA) models

« Specific deliverable status provided by K. McMahon
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B Develop a PFLOTRAN-Based Performance Assessment (PA)
modeling capability
— Explicit 3-D representation using state-of-the-art numerical methods

 Features of engineered barrier system (EBS) and natural barrier system (NBS)
« Coupled processes (FEPs)

— Implementation of advanced uncertainty quantification (UQ) and
verification and validation (V&V) methods

— Designed for application on high-performance computing (HPC) systems
« Accommodates advances in HPC hardware and applications
B Apply advanced PA modeling capability to generic repository
reference cases
— Salt
— Granite / crystalline
— Clay / shale / argillite
— Deep borehole
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GDSA Current Code Capabilities

( Source Term and
EBS Evolution Model
® |nventory

temporal representation of
processes and couplings:
* WF Degradation

Solubility Limits
Thermal Effects
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® High resolution of spatial and

Radionuclide Mobilization
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® Spatial and temporal
representation of THC processes

Flow and Transport Model \

Advection
Diffusion/dispersion
Sorption

Decay and ingrowth
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Computational Support
+ Mesh Generation - Cubit
» Visualization — ParaView, Vislt
+ Parameter Database
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GDSA FY2015 Scope

B Integrate updated conceptual models and capabilities into the
PFLOTRAN-based system model architecture
— Refine source term and EBS evolution model

Waste Form Degradation

Couple Fuel Matrix
Degradation Model

(FMDM)
[Fransportin > §> Decay
“"Np(aq) %TNp(aq) Adjust for
secondary
,//”’/// phases
Solubility
Adjust for :
isotope fractions Waste Package Degradation
Corrosion and gas generation rates 5
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B Update simulations of selected reference cases

— Demonstrate simulation and sensitivity analysis capabilities

Broaden
* FY2014 — Salt Add infiltration and simulated
« FY2015 — Clay, Deep Borehole pumping well domain

« FY2016? — Granite
— Inform R&D planning

Develop refined EBS
discretization
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GDSA Deep Borehole Model (FY2015)

B Update simulations of selected reference cases *

— Deep borehole disposal model
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GDSA Granite Model (FY2016?)

Waste Package
Waste form

Access
shafts/ramp

Major
fracture
zone

Surface
sediment
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B September, 2015: Application of Generic Disposal System
Models (M2FT-15SN0808011)

— Updated Source Term Model (WF degradation, WP degradation,
solubility)

— Updated PA Model Implementation (clay, deep borehole)
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' Parameter values database

« Steel corrosion kinetics (new in FY 2015) \
* Fuel corrosion kinetics
Interfacial redox chemistry at fuel surface

Heterogeneous catalysis on NMP including
Solution Chemistry: poisoning of catalyst

pH [H:] (0] [CO5* [SO.21... Complexation effects
Fuel inventory and dose rate Temperature dependences

Temperature
i + Appropriate corrosion product phases
(saturation)

+ Radiolytic effects
+ Solution diffusion coefficients /

Performance

Assessment:
Argillite & Crystalline

Radionuclide release rates

(yr') Mixed Potential Model
for matrix degradation

(with radiolysis, catalysis, and container corrosion modules)
+ |nstant Release Fraction Model

1"
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B FMDM calculations and inputs/outputs to PFLOTRAN

From PFLOTRAN Conc. (moles/m3)
[H2] [02] [CO3_2n] [Fe 2p]

New burn-up

dose rate
W function

Diffusive flux of Geong @t Nodes in Dose rate at
env. species: a—pen based on H, & O, - nodes in a.-pen
H,, 0,, Fe**, CO* (PNNL function) (Radulescu 2011)
New spatial
dose rate
” function
Diffusionin bulk Passive Storage of Conc. Matrix Moles H,0, generated
. [UO2_2p] [UCO3_2n] [UO2] at nodes in a-pen
accounting for - — P
unti Ig [CO3_2n] [02] [H202] [Fe_2p] (dose rate * G, )
corrosion fayer [H2] [UO2_s1d] [UO3_sld]
[UO4 s1d]
Surface reactions: Calculate

Bulk reactions including ' _
U precip. & calculation - interfacial fluxes based - corrosion
; on electrochem. rate law :

of corr. layer thickness potential

To PFLOTRAN (fuel dis. rate: g/m?/yr) 12




