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SCENARIO

1. INITIAL AND BOUNDARY CONDITIONS

1a. Physical Configuration 1b. Material and Waste Properties 1c. Environmental Interface
+ Moisture/Relative Humidity

« Infiltration
+ Oxygen
+ CO;y, SOy, Cl, etc.

¥

DURABILITY

2. NATURE AND DISTRIBUTION OF PORES AND CRACKS

v
3. PERMEABILITY AND TRANSPORT MECHANISMS AND PROPERTIES

v

4. WATER SATURATION; WATER AND VAPOR FLUXES (FLOW AND DIFFUSION)

A A A 4 Y A

5a. Alkali Sb. Sulfate | 1o chioride 5d. ) 5, S
Diffusion/ Solution

Ingress and . . .
Ingress Absorption Ingress Carbonation REDOX Radiolysis Ingress

Modiﬁcation$of Pores i l r’\—l l ¢

6a. Alkali 6b. Frost 6¢c. ASR Gel | | 6d. Sulfate 6e. Steel Corrosion 6f. Gas 6g. Salt
Attack Attack Expansion Attack (Reinforcement, Tank Liners) Generation Attack

v v v v v Cracking v v v

7. PHYSICAL, HYDRAULIC, AND CHEMICAL PROPERTIES (=
v v

8a. CONSTITUENT 8b.CRACKING AND POROSITY CHANGES
LEACHING (Damage Mechanics, Pore Sealing, etc.)
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THAMES (NIST)

%% Virtual “micro-probe” of microstructure

%% Planned model improvements
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Input w/c, PSD,

particle shape

¢ distribution, phase o _

fractions Spegciation, hydration
product fractions,
enthalpy change

3-D lattice
U-structure

Qutput Binder
Microstructure

Cutput Concrete
Effective

‘roperyes
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STADIUM® (SIMCO Technologies)

%% Simulates ionic transport in saturated/unsaturated,
Isothermal/non-isothermal cementitious materials

%% Planned model improvements

13 April 2010 Cementitious Barriers Partnership VANDERBILT UNIVERSITY

£ JONOR X



STADIUM Graphical User Interface

Input parameters. Output analysis:
material properties chloride ingress rate
exposure conditions corrosion initiation

Mass and energy
transport equations

Chemical equilibrium
equations

End of
calculation?

STADIUM Calculation Engine




LeachXS™/ORCHESTRA (ECN)

% LeachXS is a database/expert decision support system for
characterization and environmental impact assessment

%% Planned model improvements
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L eachXS/ORCHESTRA Overview

Materials
(Leaching data,
Composition, Physical
characteristics)

Scenarios
(e.g., fill
characteristics,
geometry, infiltration,
hydrology)

Regulatory
(Regulatory
thresholds and
criteria from different
jurisdictions)

13 April 2010

Materials
Leaching
Database
LeachXS
(Materials and
Scenarios
Scenario Evaluation)
Database
Regulatory
Database
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Excel

Spreadsheets
(Data, Figures)

Reports
(Figures, Tables,
Scenario and Material
Descriptions)

Other Models

(Source Term and
Parameters for
Fate, Transport,

and Risk Models)
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Integrated Model Description
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Integrated Model General Design Principles

% Model development proceeding in phases

% Parallel improvement of partner codes and coupling

%, Data and I/O considerations
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Coupling Decisions and Software Integration

Exposure scenarios

A 4

Coupled processes [PeTTTTeeeS
* Define roles of

CBP partner codes

Mathematical formulation
(equation set / variables)

» Parameters exchanged

« Exchange frequency

Software implementation .______-_---1___________,'
* New I/O file capability
* File format (e.g. XML) i

Improved CBP S Coupled CBP
partner codes ' partner codes

» Design CBP front-end
(GoldSim and more)

_________________________
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Integrated Model Development
®% Phase |: Use existing CBP partner codes "as is"

%% Phase II: Coupling through functions

% Phase lll: Selected coupling at each timestep
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[%| GoldSim Pro - GoldSim_Stadium_Rev_7f kgb.gsm*

Fle Edit View Graphics Model Run Help
D=EHE & k& [Eew B & “oe 9 [R]QEE® ]

] Container Path: || v
dh 4 =
Search Options... agm . .

= o I Cementitious Barriers Partnership (CBP)
=88 Cemenitious_Models -
™
%12, LeachS_2Layers DLL Link to STADIUM® and LeachXS COdes
+-12, Leach®S_3layers
+ Material
- g Si?nj;in Parameters The Cementitious Barriers Partnership (CBFP) Project is a multi-disciplinary, multi-institutional
D12 STADIUM _2La ors collaboration supported by the US Department of Energy (DOE) Office of Waste Processing.
i STADIUM—SLEY The objective of the CBP project is to develop a set of tools to improve understanding and
L AYers ) prediction of the long-term structural, hydraulic, and chemical performance of cementitious
gl SULBIE AR R sl o it 1 barriers used in nuclear applications.
+-§f Dashboards
-8 Help
f e A Dashboard is a user interface employed
Click on '+' to :
: in GoldSim to control a simulation. Double-click
open Container links in Goldsim
= pr— to activate
i _a-l— : gui e
L
Dashhoards Start Here
Cemenitious:odels : o
' &
cementbarriers.org
< >
- W
& ContainmentYiew | Class View 3 .
Edit Mode: Press FS to run model. Filter OM | Edit Mode
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[*%| GoldSim Pro - GoldSim_Stadium_Rev_7f kgb. gsm*

%Eile Edit Wiew Graphics Model Run Help

g = B ] =

Y

e e

% os| 2 {K]|QEEM I

Container Path: |\DashbDards\STADIUM_CDntrDI

Search Options...

= Sy Model
=G Cemenitious_Models
2, Leach®S_2lavers
15 Leach®S_3Layers
i Materials

= STADIUM_ZLayvers
2, STADIUM_ 3Lavers

=% Dashboards
Buid_Mesh
LeachxS_Control
Simulation_Control
STADIUM_Control

B Help

<

N T Containment View | Class view

STADIUM® Run Controls Dashboard

B Simulation_Parameters

1 STADIUM_Cutput_Sorting

STADIUM_More_Options
YiewSTADIUMR.2sults

Scenario Options

Option 1: Two-layer system

Layer 1: |SaltWasteTypeE V| | 10

| 0.05

Concentration RSD

Layer 2: |CuncreteTyp82 V| | 15

Option 2: Three-layer system [

0.05

Concentration RSD

Concentration RSD

General Run Settings

Initial Time Step, sec | 5000
Max Time Step, sec lw
Step Adapt Factar [ 15
Step Adapt Criterion [ 00

Tatal number of nodes 1m

Check to Sawve STADIUME Output

Concentration RS0

Layer 1: |SaItWa5te Type1 | | = 0.05

Layer 2 |Concrete Type2 v | | 10 0.0s

Layer 3. | Sail Type 1 v [ 005
Generate Mesh | Yiew Geometry ‘

Concentration RSD

View STADIUM® Results

iew Results

More Options |

Simulation Controls

Browse hModel ‘ Run Simulation ‘

Edit Mode; Press FS to run model,

Exit GoldSim |

Simulation Settings ‘ Simulation Contrals ‘

Scale; 100% | Filter ON - Edit Mode
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CBP DLL Subroutine

%% Avoid need for low-level programming by user

% Provide flexible, user-friendly access to partner
code input and output files via instructions file

%% Used to couple STADIUM and
LeachXS/ORCHESTRA to GoldSim model
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Uncertainty Analysis

¥ Sources of uncertainty

¥ Approaches to uncertainty management
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Summary of Uncertainty Analysis

Uncertainties due to physical variability, data uncertainty,
and model uncertainty must be considered

Several methods available for uncertainty propagation
through computational models

Methods for model uncertainty and error quantification
currently under study

Bayesian framework appears attractive for managing
various uncertainties

Methods for epistemic uncertainty under investigation

AN A S A A

Application to large problems (time-dependent,
complicated multi-physics) needs investigation (accuracy,
computational effort, uncertainty quantification,
confidence assessment)
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