Cementitious Barriers Partnership:

Introduction to GoldSim Dashboard User
Interface (GUI) and CBP Software
Communication Bridge, Version 2.0

Kevin G. Brown (VU/CRESP)
Greg Flach (SRNL)

Hanford Workshop
Richland, Washington
26-27 August 2014




CBP

Cementitious Barriers Partnership

Workshop Summary

 CBP Software ToolBox, Version 2.0

— Focus on sulfate attack (Low-Activity Waste), carbonation (HLW
tanks), and percolation with radial diffusion (Tank Closure)

— GoldSim model - Probabilistic wrapper for partner codes

— Custom Dynamic-link library (DLL) developed (SRNL/VU) used to
link to current partner codes

* Current Partner Codes
— STADIUM® by SIMCO Technologies, Inc.
— LeachXS™/ORCHESTRA by ECN/VU/DHI/NRG
— THAMES (NIST) pending

* Uncertainty analysis using built-in GoldSim functionality
* Future Plans for Software ToolBox, Version 3.0

26-27 August 2014 CBP Training -- Hanford 2



External Flow Field

Barrier Configuration

Reference Case Applications

Concrete Disposal Vaults

X LY

High-level Waste Tanks

Selected Conceptual Models
F

LAW Waste Disposal Vault

(3
b 747

Sncondary
Ler
v

Type llIA Tank

Abstractions and Simplifications

oier e % siopearank —\ Roof
Grage  3tedge
/ t
) ]
Barer oo I
o R Barrier
L -y Grout
7.¢ (12"
Conciete
Wal
5
Radur.
Grout
5, “D’ 1
Wa
Soil o [ sefree l
L ad | —
en o v Grout {8 '=f Soil 7 D
ki drin o e - Water |Concrete| Soil
undetines cump. poTToKAR 22 T

Cross-Section
Selections

Performance Assessment

CBP Models

rep ive
Cross-Sections

o
Groutéﬁ:@ Soil
Pt

Examples

Steel liner

S—r)
5

Test Conditions/
Parameter Estimates

Testing

Linking Prototype

SIMCO

Technologies inc.

Cases to Performance

Models through

System Abstraction
and Validated by

Laboratory and Field

Testing



CBP

Cementitious Barriers Partnership

Assessment

Performance |

L 4

¢.__.|-

STADIUM®

)

26-27 August 2014

CBP Training -- Hanford




(:BP T st B
©ENERGY SRNL CRESF QRCONTert il o siMco

UNIVERSITY

Cementitious Barriers Partnership

General Design Principles

 Model development is proceeding in phases

— Weakest appropriate coupling amongst models

e Parallel improvement of partner codes and coupling where
appropriate
— Influence, but stay within, CBP partners' code development path

— Accept reasonable existing duplication of functionality (e.g., bulk
chemistry) but require consistency

 Data and I/O considerations
— Common repository (spreadsheet/database) for common data
— Common data formats, so an output can be an input
— Common graphics format (SRNL custom graphics)
— Consistent solutions
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Phased CBP ToolBox Development

 Phase I: Use existing CBP partner codes "as is"

— No coupling between LeachXS/ORCHESTRA (LXO) and
STADIUM

— Use CBP Custom Dynamic-link library (DLL)
— Focus on sulfate attack, carbonation, and cracking

* Phase II: Coupling through functions
— Modest coupling where appropriate
— Add THAMES partner code (virtual microprobe)

— Enhanced I/O may be needed for partner codes to support
integration path

— May use "system call" DLLs using instructions file (run time)
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CBP Software ToolBox—Phase |
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CBP ToolBox Development—Process

1. Conceptualize problem scenario and determine appropriate
model and coupling, if needed

— Need to consider availability of needed data

2. Develop scenario in appropriate partner code(s)
— No coupling between LXO and STADIUM (Phase 1)
— STADIUM - SIMCO Technologies, Inc.
— LeachXS/ORCHESTRA (LXO) - LeachXS

3. Set up necessary model file(s) to run simulation
— Instructions file - Model file
— DLL_STADIUM_#Layers.dat = stad09d-cbp-task7-#layers.inp
— DLL _LXO_#layers.dat - leachxs_parameters.txt

4. Run simulation
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CBP ToolBox—Conceptualize Problem
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Multi-layered sulfate ingress or
chloride attack case

Simplified two-layer sulfate
ingress or chloride attack case

Simplified one-layer sulfate
attack case with boundary
condition representing salt waste

Simplified one-layer carbonation
case ignoring steel liner with
boundary condition representing
gas ingress of CO, and O,

Simplified one-layer percolation with
radial diffusion case ignoring waste
layer with boundary condition
representing percolating water
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ToolBox—Define Model & Instructions Files

-
E TextPad - C:\Users\kgbrown'\DocumentshCerm ious Modeling\Task 9 -- Computational Code\CBPsoftwareTool emplate\STADIUM\stad09d-cbp-taski-2layers.inp

[F=REER)

File Edit Search View Tools Macros Configure Window Help

0= B & (& ¥ N 29 | @Y 4 Fat e ne p - :Findincrementally [l {r Match case _

nAMB=2 & .

stad09d-cbp-task7-2layers.inp - X DLL_STADIUM _2Layers.dat | X

1 COOR =il =

2 20cm-50cmn—-mesh . cor Il | #2 *3 #4 #5 #6 &7 #8 #9 #10 #11 #12 #13 (comment ) oy

3 ELEH |

4 20cm—50cn—mesh ele FUT Lo SETADIUMNstad09d-chbp-task7-21layers. inp white

5 RESO | 1 Trow 7 col K 1 1 input 001 Sawelutput flag——internal DLL use

3 HUMBER_NUM_PARAM 14 | 2 oW ? col ? 1 1 input 002 realizationHumber—internal DLL use

7 3 Trow 123 col 3 11 1 inputs 003-013 Layer 1 ChemConp

8 integration_pts 2 14 oW 123 col 4 11 1 inputs 014-024 Layer 2 ChemComp

9 tolerance 1.00E-03 25 oW 123 col 5 11 1 inputs 025-035 Laver 3 ChemConp

10 itermax 30 36 Tow 138 col 3 9 1 inputs 036-044 Layer 1 HineralComp

11 cartesian_a=xi 1 45 oW 138 col 4 9 1 inputs 045-053 Layver 2 HineralComp

12 Duration years 10000 H 54 Trow 138 col 5 9 1 inputs 054-062 Layer 3 HineralComp

13 Init_time_step_sec cooo 63 oW 27 col 3 17 1 inputs 063-079 Layer 1 HMaterial_ Props

14 f_=at 3 a0 Trow 27 col 4 17 1 inputs 080-096 Layer 2 Haterial Props

15 Tangential_matrix 1] 97 oW 27 col 5 17 1 inputs 097-113 Layer 3 Haterial_ Props

16 damage 1 114 oW 12 col 3 1 1 input 114 Duration_vears

17 physical cl 1] 115 Tow 13 col 3 1 1 input 115 InitialTimeStep

18 CO2_lewel_x 1] 116 oW 19 col 3 1 1 input 116 MazimumTimneStep

13 Max time step_sec 4320000 117 row 20 col 3 1 1 input 117 Step Adapt Factor

20 Step_Adapt_Factor 1.5 118 oW 21 col 3 1 1 input 118 Step_Adapt_Criterion

21 Step Adapt_Crit 5 00E-03 | 4 119 Trow 96 col 2 1 1 input 119 NHodes

22 119 oW 119 col 2 1 1 input 119 Nodes

23 FREL 120 oW 8 col 3 1 1 input 120 integration_pts

24 H_FPREL_GROUP 2 121 Tow 9 col 3 1 1 input 121 tolerance

25 H_FEEL 18 122 oW 10 col 3 1 1 input 122 itermax

26 123 Trow 11 col 3 1 1 input 123 cartesian_a=xi

27 temperature 23 23 124 oW 14 col 3 1 1 input 124 f_=at

28 W-B 0.38 0.595 125 Trow 15 col 3 1 1 input 125 Tangential matrix

29 Binder 405 930 126 oW 17 col 3 1 1 input 126 physical_cl

an aggregates 1659 1] EHD

31 Binder_density 2885 2603.5 |

32 Poro=ity 0.135 0.65 EFL stadl9d-chp-task?-2layers. inp

33 Permeability 1.80E-21 4. 00E-19 2 L NSTADIUMN20em—5S0cn—nesh . cor

34 ch_diff coef 1.40E-11 7.50E-11 4 L NSTADIUM~20cm—G0cm-nesh ele

35 Izothern_b —25.928 —6.4651 END

36 Isothern_c 0.4285 1.782%5 |

37 Relative_pern 1z 18 EXE

38 init_hydrat 28 28 L w . SSTADIUMnoscreen? . bat

39 tref _meas 28 28 EHD

40 hydrat_a 0.8 0.3 |

41 hvdrat_alpha 0.015 0.003 GET stadl9d-chp-task?-2layers. out .xls space ignore

42 k_thermal 2 2 1 wvalue 2.0 1 -0.1 col 4 101 11 outputs 0001-1111

43 spec_heat 1000 1000 331z walue 2.0 1 -0.1 col 18 101 9 outputs 3312-3410

44 ex_rate C02 1.00E-05 1.00E-05 END

45 !

46 CHIH 10G stadiun_2Llayers.xml

47 HUMBER_CHEM_FPARAM 3 END

48 ni_Max 5 |

49 print_level 1

oo iter_max 1000

51

52

53 Nions 11

G4 Hsolides 9

55

SE Database file  CHH-DE-STADIUM. t=xt

57

L COH

59 Ha

60 K

61 S04 il i

¥ =
J 4| e | r J (] 2
EearchiRenls BV i L Y-EW.] ~np T T D S | 44 2
| 2027 AUSUSL ZU 1S CDOF Tidittg == Fditnturu 11
Search Results g Tool Output
For Help, press F1 17 73 Read  Owr Block Sync Rec Caps
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ToolBox—STADIUM Model & Instructions Files

stad09d-cbp-task7-2layers.inp | - X
118 Temperature 2 0 1 365 il 5 15 —
119 101 365 I 5 15 m
120 IRIT
121 external file 1]
122
123 OH 400 670.08
124 Ha 282.1 4420
125 K 138 120
126 S04 8 130.7
127 Ca 0.5 0.41
128 AL{CH) 0.1 0.14
129 C1 5 9
I 130 H25i04 O 9.7
131 Co3 ] 2.9 |.-=|
132 HO3 ] 2000
| 133 NO?Z 0 1575
134 Rel_Humiditiy 1 1
135 Fotential 0 a
136 Tenperature 23 23
137 i
I ;
DLL_STADIUM_2Layers.dat - X
] —
[ #2 #3 i #5 #e #7 #a #9 #10 #11 #12 #13 {(comment) nd
1
[ FUT oL WSTADIUM~=tad09%d-chp-task?-2layers . inp white
| 1 row ? col ? 1 1 input 001 SaveOutput flag——lnternal DLL use
I L - - : - :! ! il el it =rnal DLL use
| I 3 Tow 123 col 3 11 1 inputs 003-013 Layer 1 ChemComp =
TT TOW T23 [==}8 [} T T 1nputs Olda-024 Laver CREN OmD
| 25 row 123 col 5 11 1 inputs 025-035 Layer 3 ChemComp
36 row 138 col 3 9 1 inputs 036-044 Layer 1 MineralComp
45 row 138 col 4 9 1 inputs 045-053 Layer ¢ MineralComp
| 54 row 138 col 5 9 1 inputs 054-062 Layer 3 MineralComp 3
63 row 27 col 3 17 1 inputs 063-079 Layer 1 Material_ Prop=
an row 27 col 4 17 1 inputs 080-096 Layer ¢ Material_FProp=
| 97 row 27 col 5 17 1 inputs 097-113 Layer 3 Material_FProp=
114 row 12 col 3 1 1 input 114 Duration_vears
115 row 13 col 3 1 1 input 115 InitialTimeStep
116 row 19 col 3 1 1 input 116 HazimnumTimeStep
I 117 row 20 col 3 1 1 input 117 Step_Adapt_Factor
11q row 21 col 3 1 1 input 118 Step_Adsapt_Criterion
| 119 row 96 col 2 1 1 input 119 Hodes
119 row 119 col 2 1 1 input 119 Hodes
120 row col 3 1 1 input 120 integration_pts
26227 Augiast 2015-’1 ol 3 CBP Training -- Harfford 1 input 121 tolerance 12 N
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ToolBox—LXO Model & Instructions Files

Ieachxs_parameters.trt] - X
256 @clas=: block _barrier chemical() —
257 The chemical parameters of the cement barrier. &
258
259 WVar: pe  H+ kg Al+3 kg Ca+l kg HpEeS—lmg=Feed=ly Mg+2 kg Fa+ kg H45i04 kg S04-2 kg
260 Data: 7 .50000E+00 1. 01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
261 Data: 7 .50000E+00 1. 01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
262 Data: 7 .50000E+00 1. 01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
263 Data: 7 .50000E+00 1. 01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
264 Data: 7 .50000E+00 1. 01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
265 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
266 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
267 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
I 268 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
269 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
270 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1.71214E |
i 271 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
272 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
273 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
274 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
275 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
276 Data: 7. 50000E+00 1.01078E-15 2.40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1. 71214E-
277 Data: 7. 50000E+00 1.01078E-15 2. 40868E-01 1.13290E+00 3.92B55E-03 3.42400E-02 2. 72040E-01 7.01721E-03 1.72373E-01 1 71214E- ~
J¢| 1 | 3
DLL_LXO_lLayer.dat - X
| —
FUT o SLEONCEPSulfatedttack l1laversFrojects~CEFSulfateAttack~leachz=s parameter=s. txt white lgnore o
I | 1 row ? col Hod 1 1 input 001 SawveOutput flag——internal DLL use
| 2 row 2 col g 1 1 input 002 realizationNumber F
i | 17804 row 7 col 2 1 1 input 17804 SimDuration_hr |E
| 17805 row 3 col g 1 1 input 17805 CurrentDate 3
I Solid composition for Laver 1
|
i P RS | = M r T ]
I 44 row 260 heading Al1+3 kg 259 | 100 1 input 044 Al+3 for Laver 1 I
L3 Tow B0 Reading Late kg 209 oo T Thout 430 LatZ Ior Laver I
B4k row 260 heading H2CO03 kg 259 100 1 input 646 H2C03 for Laver 1
947 row 260 heading Fe+3 kg 259 100 1 input 947 Fe+3d for Laver 1
1248 row 260 heading Mg+2 kg 259 100 1 input 1248 Mg+2 for Laver 1
1549 row 260 heading Ha+ kg 259 100 1 input 1549 na+ for Laver 1
1850 row 260 heading H45i04 kg 259 100 1 input 1850 H45i04 for Laver 1
2151 row 260 heading S04-2 kg 259 100 1 input 2151 S04-2 for Laver 1
I 3957 row 260 heading H+ . kg 259 100 1 input 3957 H+ for Laver 1
14793 row 260 heading pe 259 100 1 input 14793 pe for Laver 1
|
I I Solid composition for Laver 3
J! . 26-27 Aygust2014 = _ . . . . . CBPTraining -- Hanford . e 13 2
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# GoldSim Player - CBPsoftwareToolbox (CBPsoftwareToolbox.gsp)

File View Model Help

EHRE (FEYE & % 2 [RQAHEHOD
Cortainer Path: [ -
4 . -
Search Options... .y . - i
— & [ Cementitious Barriers Partnership (CBP)

 Cementiious Modes DLL Link to STADIUM® and LeachXS™/ORCHESTRA Codes

#i#i Dashboards

i Help
## Quick_Start_Guide

The Cementitious Barriers Partnership (CBP) is a multi-disciplinary, multi-institutional collaboration
supported by the US Department of Energy (DOE) Office of Waste Processing. The objective of the CBP
project is to develop a set of analytical and computational tools to improve understanding and
prediction of the long-term structural, hydraulic, and chemical performance of cementitious barriers and
waste forms used in nuclear applications. This GoldSim model is the first step to couple partner models
within a probabilistic framework.

m

Click on '+ to 2
open Container Double-click links in ;gﬂ;:ng"‘l‘f auser b
Goldsim to activate in Gold Sim to control a
simulation.

Dashboards
The GoldSim model
information is
Start Here & containined here.

Quick_Start_Guide Cementitious_Models ?ﬂ

cementbarriers.org

Copyright @ 2012, Savannah River Nuclear Solutions, LLC and Vanderbilt University

Distribution Statement: Thiz computer software has been developed under =ponzorship of the U.S. Department of Energy. Any further distribution or
use by anyone other than the named licensee of this software package or any data contained therein, unless otherwise specifically provided for, is
prohibited without the approval of the Office of Scientific and Technical Information. Requests for DOE developed computer software shall be referred to
the Energy Science and Technology Software Center at the Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TH 37831-1020.

This product includes software produced by Savannah River Nuclear Solutions, LLC under Contract No. DE-AC09-085SR22470 with the United States
Department of Energy and under Cooperative Agreement Number DE-FCO1-08W07053 entitled The Consortium for Risk Evaluation with Stakeholder
Participation Il (CRESP) awarded to Wanderbilt University by the United States Department of Energy.

Disclaimer: This material was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor the United States Department of Energy, nor Vanderbilt University, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or ugefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rightz.

i Containment ... g = - i

Run Mode: Press F5 to start simulation. Scale: 100%  Filter ON _

b
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In this release of the CBP Software Toolbox, you can run either a LeachXS™/ORCHESTRA (LXO) or
STADIUM® simulation for a pre-defined scenario. Current models focus on sulfate ingress or chloride
attack (STADIUM®) and sulfate attack, carbonation or dual regime (LXO) on a cementitious material.

v] Select STADIUM® or LeachXS™/ORCHESTRA (LXO) to run
the simulation. Simulation settings are set as described below.

| STADIUM - Sufate Ingress

Create the finite element mesh for a STADIUME sulfate

1a. Define Mesh . . .
i ingress or chloride attack scenario

1b. Run Controlé Set up a_nd run the STADIUM® sulfate ingress or chloride
attack simulation

STADIUM

Set up the LeachXS™/ORCHESTRA (LXO) scenario
: including cells and refresh scheme to be used. :

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation
of sulfate attack on a cementitious material

OR

Set up the LeachXS™/ORCHESTRA (LXO) scenario
! (Parts are disabled because numbers of cells are fixed) !

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation 1
: of carbonation and leaching on a cementitious material :

i OR i
‘ Set up the LeachXS™/ORCHESTRA (LXO) scenario
(Parts are disabled because numbers of cells are fixed)

LeachXS/ORCHESTRA

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation
: of percolation-diffusion maodel on a cementitious material

26-27 August 2014 CBP Training -- Hanford 15
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GoldSim Player - CBPs

Build STADIUM® Simulation Mesh

[fthe light bulb is on, then STADIUM is the currently selected model

1. Define mesh Open superMesh | Open xMesh | Open yMesh ‘ Open mtypMesh |

For information only.
Layer3 |0.2%
! m User controls above,

2. Build mesh Make mesh I | Finite Elements -- User controls element
101 allocation in #1. Mo check within Gold Sim.

3. View mesh Text Open output

Tecploi ‘ | ‘

Layers |_3 Layer1 |0.25m Layer 2 0.5m

Licensing issues
being addressed.

Gnuplot Edtbatchfie | Runbatchfie | View baichplot |

Open window

Simulation Controls
These text files help

control the simulation.

Input File ‘ Instructions File ‘ Batch File ‘

STADIUM Contrals

26-27 August 2014 CBP Training -- Hanford 16
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| < GoldSim Player - C

ey NIST  BU
i Bz cusr ey 1 Z | s

Technologies inc.

Ry ‘

Build STAL[(E = 0 - il iIF =S
Home View (7]
P = : AT o == - &4 Find
'}j" Ifthe light bulb is r:l Courier New 1 A A = [e= = w—
Gac Replace
Past z = = = == ||| Inset | .,
e B 7 UdeX x|2-A|E=E==F = i} select all
1. Define mesh Open superMesh | O(| Clipboard Font Paragraph Editing
-g---|---]_---|---2---|---3---|---4---|---5---|--
Layers 3 Layer1 |0.25m beMesh . dat
yMesh.dat
mtypMesh.dat
2. Build mesh Make mesh XY Z
Mesh2d.log
MeshZ2d.dat
COQR.dat
3. View mesh Text pg| TYPE.dat
—| ..\STRDIUM\20cm-50cm-mesh.cor
i -.\STADIUM\20cm—-50cm-mesh.ele
Tecploi Mesh2d. tec
|| Geometry.tec
!l polygon.tec
Gnuplot Ed | Mesh2d.wts
— || Mesh2d.gnu
Opj
These text files help )
control the simulation. s B Instructioryl - m [
100% (=) {} @
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GoldSim Player - CBPs

Build STADIUM® Simulation Mesh

[fthe light bulb is on, then STADIUM is the currently selected model

1. Define mesh Open superMesh | Open xMesh | Open yMesh ‘ Open mtypMesh |

For information only.
Layer3 |0.2%
! m User controls above,

2. Build mesh Make mesh I | Finite Elements -- User controls element
101 allocation in #1. Mo check within Gold Sim.

3. View mesh Text Open output

Tecploi ‘ | ‘

Layers |_3 Layer1 |0.25m Layer 2 0.5m

Licensing issues
being addressed.

Gnuplot Edtbatchfie | Runbatchfie | View baichplot |

Open window

Simulation Controls
These text files help

control the simulation.

Input File ‘ Instructions File ‘ Batch File ‘

STADIUM Contrals

26-27 August 2014 CBP Training -- Hanford 18



CBP

Cementitious Barriers Partnership

_# GoldSim Playe

1. Define m

Lays

2. Build me

3. View mey

These text files
control the simula

5| MainWindow

@ENERGY SRNL

File
Page: Untitled {(ID=2)

Three Layer System

mitype 12

26-27 August 2014
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GoldSim Player - CBPs

Build STADIUM® Simulation Mesh

[fthe light bulb is on, then STADIUM is the currently selected model

1. Define mesh Open superMesh | Open xMesh | Open yMesh ‘ Open mtypMesh |

For information only.
Layer3 |0.2%
! m User controls above,

2. Build mesh Make mesh I | Finite Elements -- User controls element
101 allocation in #1. Mo check within Gold Sim.

3. View mesh Text Open output

Tecploi ‘ | ‘

Layers |_3 Layer1 |0.25m Layer 2 0.5m

Licensing issues
being addressed.

Gnuplot Edtbatchfie | Runbatchfie | View baichplot |

Open window

Simulation Controls
These text files help

control the simulation.

Input File ‘ Instructions File ‘ Batch File ‘

STADIUM Contrals

26-27 August 2014 CBP Training -- Hanford 20
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CBP ® = @

STADIUM® Run Controls Dashboard

Scenario Options General Run Settings
. . . . - .
~ [flight bulb is on, then STADIUM is the currently selected mode| Initial Time Step, sec 26400
Max Ti St 4 32e+006
[ Three Layer Model +| Select the number of layers in the model S TImeE SIEp, S€c
Step Adapt Factor 15
4 Width Conc.
=L (m) CoV Step Adapt Criterion 0.005

Salt Waste Type 1 - | 0.25 | 0.05

Total number of nodes 101

Check to Save STADIUM® Qutput |

4— width —»

Layer2: |Vautt 1/4 (1) = BEE [ 005
View STADIUM® Results
Layer3: |Sol Type 1 > [ oz [ 0os View Inputs View Results
®=0 T Simulation Controls
Generate Mesh ‘ View Geometry ‘ RESC Options o Modes Fun Seniico i
Simulation Settings (F2) Simulation Controls
These text files help ]
control the simulation. LnihE ‘ Instructions File ‘ EEE : .
Exit GoldSim

b

26-27 August 2014 CBP Training -- Hanford 21
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BN C\Windows\system32\omd.exe

SIMCO Technologies Inc. — STADIUM Core 288%d. September 20697
Restricted lles — NRP Pwnbdierct
B C'\Windows\system32iomd.exe

Chemical equilibrium calculation, node:

5.837 vears » 188.8 years

BN C:\Windows\system
Chemical egquilibrium calculation,
75%.348 years ~ 188.8 years
Chemical egquilibrium calculation,
75%.36% years ~ 188.8 years
Chemical egquilibrium calculation,
75%.389 years ~ 188.8 years
Chemical egquilibrium calculation,
75.418 years ~ 180.8 years
Chemical egquilibrium calculation,

75%.431 years ~ 180.8 years

Chemical egquilibrium calculation,

75%.451 years ~ 1880.8 years

These text files help

control the simulation. S

Chemical equilibrium calculation,

node :

node :

node :

node :

node :

node :

node : 56

m
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E Goldsim Player - CBPsoftwareToolbox_tutorial (CBPsoftwareToolbox_V2.0.gsp)

View 2D STADIUM® 3 Layer Results

*-y plot of results for the last calculated time step will be displayed

Minerals Chemicals
CaH25i04 ‘ Portlandite i Sodium Hydroxide
| ———— JEE——
Ettringite Gypsum Potassium Suffate
_J | JEE— JEE—
Maonosulfate ‘ Calcite 3 Calcium Aluminum Hydroxide,
il RENR——
AFm-OH Friedel_IX ! Chloride Silicate
il il J——
Thaumasite i Carbonate Mitrite
--‘ ———
Monocarboaluminate Mitrate
-

Retum to STADILUM
Contrals

26-27 August 2014 CBP Training -- Hanford 23
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E Goldsim Player - CBPsoftwareToolbox_tutorial (CBPsoftwareToolbox_V2.0.gsp)

View 2D STADIUM® 3 Layer Results

*-y plot of results for the last calculated time step will be displayed

| [
Min CBP ToolBox Plot

CaH25i04

b

Ettringite i ;D
| 10 g
Maonosulfate i g 6
e 3] 5
= 7 4
AFm-OH ‘ [s 3
' E 6 2
[ E 5 1
Thaumasite oL 4 0
&
3
Monocarboaluminate ‘ ;-: 100
%

60 g
Depth (cm)
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Summary of STADIUM External Linking

r N
External Properties : Link_to_STADIUM_2Layers @
Definition | Interface stadium Zlayers.xml
Input Interface Defintion <CBFDatalog Realizagtion="0">
Inputs <DataSet Name="Input"> 4
# Name | Definition -~ o <Values Number="119"> )/
1 [saveOutput  SaveOutput ————————————+— — » inargsil) 1-0000 e
|_2 |realizationNumber realizationNumber : > ig:;g: :i; g7gogg o
| 3] ] ChemicalComp —ro_ 1= inargs (4} 4420.0
4 “M'neralcf’mns ______MingralComp Y inargs (5} 120.00
5 'MatEflaI _Prop P inargs{6} 130.70
3 Uura'uon years inargs (7) 0.41000
7 ‘a- ""“."."1’[ mlual ..i p inargs(8) D.14000
L 8] Stadlum_lmut Max T MaxlmumTlmeSlep ] in:;.r:.;s (13 1575 0
9 | Stadim Tanut Sten  Gten Adant Factar i1y o . ’
. inargs (1.9) 101.00
Output Interface Definition J </Values»
</DataSet>
# T !
. Name . F)ata Ype I L Outputs <DataSet Name="Qutput">
1 | Chemical_Conc Matrix[Nodes, Chemicals) of Values (mmolL) - > <Values Number—"60Z0">
2 [Mineral Conc MatradNodes, Minerals] of Values (dmensioniess P ousargs (o) 0.0000
cu-args {2) 0.0000
. cuzargs (3) 0.0000
¢ ™ ocuzargs {4) 0.0000
ouZargs (o) .
5 0.0000
G ouzargs {6) 0.0000
ouzargs {7) 0.0000
b cuzargs (3311) 0.0000
cucargs {6020) 0.0000
</values>
ok J[ cancel |[ hep | </DataSet>
</CBPDataloc>
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CBP Custom DLL Subroutine

* Avoid need for low-level programming by user

— Put generic executable content in pre-compiled subroutine
(Dynamic-link Library)
— Put application content in an “instructions file” interpreted at run-
time
— Primary instructions: PUT (create input), EXE (execute file), GET
(retrieve input), and LOG (record)
* Provide flexible, user-friendly access to partner code input
and output files via instructions file
— Row selection by number, label, value
— Field selection by number

e Used to couple STADIUM and LeachXS/ORCHESTRA to
GoldSim model

26-27 August 2014 CBP Training -- Hanford 26
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LeachXS™/ORCHESTRA Controls for Sulfate Attack

Scenario and General Options

() Ifiight bulb is on, then LeachXSIORCHESTRA
g iz the currently selected model

[One-Layer Model '] Selectthe number of layers in model

. Depth Conc.
el 3 ke (m) CoV

SWD_5R2

Lo oz [ o0s

Treat data uncertainty for concrete compositions | | 10

| Backill Grout Material (BG ~ |

Finc_Soil

Model Changes

Define Cells | Define Refresh ‘ Wiew Geometry | Exit GoldSim

Settings for External Sulfate Attack

Parameter CoV

Initial concrete porosity D 005
Initial concrete tortuosity 2008 015
Fractional porosity | 03 88 01
Compressive strength, MPa St Dex.

Initial Young's madulus, MPa

Ultimate tensile strength, MPa 5 015

Check to Save LeachXS/ORCHESTRA Output ||

View LeachXS/ORCHESTRA Results

View Inputs View 2D Results

View 30 Results ‘

Instructions File bincopy bat

These text files help
control the simulation.

leachs_parameters noscreen 1. bat

Simulation Controls

Browse Model Run Simulation (F5)

Simulation Controls

Simulation Settings (F2)

CBP Training -- Hanford
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LeachXS™/ORCHESTRA Controls for Sulfate Attack

Settings for External Sulfate Attack

Scenario and General Options
Parameter CoV

() Ifiight bulb is on, then LeachXSIORCHESTRA
g iz the currently selected model

[One-Layer Model '] Selectthe number of layers in model

. Depth Conc.
el 3 ke (m) CoV

SWD_SR2 Fractional porosity | 0.2 0.1
T Compressive strength, MPa 70

l | Baciill Grout Material (G~ | 100 [ 02 [ 005 Iniial Young's modulus, P 37503.7 00
= s o pa | 57507

Treat data uncertainty for concrete composttions | | 10 Ultimate tensile strength, MPa 0.5

Check to Save LeachXS/ORCHESTRA Output ||

Finc_Soil

View LeachXS/ORCHESTRA Results

Model Changes View Inputs View 20 Results

View 30 Results ‘

Define Cells | Define Refresh ‘ View Geometry | Exit GoldSim Simulation Controls
Browse Model Run Simulation (F5)
These text files help Instructions File bincopy bat
control the simulation. Simulzation Settings (F2) Simulation Controls
leachs_parameters noscreen 1. bat
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| < GoldSim Player - CBF

Define LeachXS™/ORCHESTRA (LXO) Sulfate Attack Refresh

The refresh/frenewal scheme is defined. There are two steps: 1) define the refresh interval and 2) define the external
liquid volume to solid contact area ratio that also establishes the contact volume exchanged at each refresh interval.
Note the ratio used to define the solution volume differs from the ratios used in related EPA and ASTM methods since
only one face of the monolith is in contact with the external solution.

1. Refresh interval (d) 2. External Liquid Volume (L) Monolith (Layer2) Properties

to Solid Contact Area (m?)
——— 500 Depth ContactArea Yolume
10 constant external 500
concentistion| ] - | D.2m| | 1m2| |D.DD4m3|
Exiremely A5 B.C.(80D) -
Dry 2y | 4K 1ooL| External Contact
| 11 Solution Volume
|0 Note--you can select the 1:
0 slider and then use the = Contact Inflow
|0 keyboard arrows{**} 11 Moflux . Area solukion
to incrementidecrement i sisfaces \
1z 17 '.
A7 11 Contact
- EPA Method 1315 {100) = %E;n;_leer:t volume
- (licquid)
Relatively . = ) —
Mo external solution, F— -
Dry {180d) L mvesting® cse (1) Uqllﬂ/fii‘fusllon
Moderately a5 Chuflow
Humid (30d) =130 H— Depth ———p

Frequent
Rain {1-7d)

i i . L¥0 Suffate Attack Controls
These text files help Instnuctions File bincopy bat

control the simulation.

Simulation Controls

leactms_parameters nozcreen ] bat Define Cells for Moddl

26-27 August 2014 CBP Training -- Hanford
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Scenario and General Dptions Settings for External Sulfate Attack
. Parameter CoV
[flight bulb is on, then LeachXS/IORCHESTRA = —
! Initial solution 7 0.02
tz  isthe currently selected model PH | |
Initial S04 concentration, M | 025 @ 005
|OI'IE-|-EYEF Model ~| Selectthe number of Iayers in model [ . : : .
- = | B |-

B C'\Windows\system32iomd.exe

de IntegrationPhasel _UB1sTemplatesHuns“realization_HW>REM Hun ORCHESTRA from Leach|®
®E suwddirectory containing ORCHESTRA and updated model files

L L

C:sUsersskgbrovwnsDocuments™»Cementitious ModelingsTaszsk ? — Computational Code“Co
de IntegrationPhasel _UB1~TemplatesHuns“realization_B>REM java —cp orchestraZB@8.j
ar orchestraZ ConcertBaze concert.xml

m

C:sUsersskgbrovwnsDocuments»Cementitious ModelingsTaszsk ? — Computational Code>Co
de IntegrationPhasel _UB1~TemplatesRHunssrealization_B>java —Emx768m —cp ....%bhin
forchestra2B@Bs . jar orchestraZ . kernel.ConcertBase —concertfile concert.xml

Running concert.xml

Treat dal

{Expander?> Including file:
(Expander> Including file:
(Expander?> Including file:

+— width —»

leachxs_parameters . txt
leachxs_parameters.txt
leachxs_parameters . txt

[
(5}
[ 2]

x=0 +

Define Cells

Ded

Reading calculator check_dt.inp
Expanding phases
Expanding entities .... B.80828 =
Reading variables a.88%98 =

Reading calculator chemiztryl.inp
Expanding phases

(Expander) Including file: uwiohjects.txt

(Expander?> Including file:

5.376

=

- =

Expanding entities
Reading variables

... sbinsobjects20088 | txt
(Expander> Including file: mineraldefinitionl.txt

These text files help
control the simulation.

Instructions File bincopy bat

noscreen 1 bat

leachs_parameters

Browse Model | Run Simulation (F5) |

Simulation Settings (F2) | Simulation Controls |




( : T NST Q
BP eENERGY SRNL mi=l, o e SIMCO

Cementitious Barriers Partnership er e Sechnalogiesinc.

.. ™
| %) Timestep: 1531  (Runtime: 1421 seconds.)

Yhxis: MNode_order - Add Diagram: [UO2ZJ3[PO4]2.min -

pH

al | 12 0 1] i

Cu+2.DH.

Switch between windows
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Scenario and General Options

Iflight bulb is on, then LeachXSIORCHESTRA
is the currently selected model

Cells

Vault Concrete Two (VCT)

] [

Treat data uncertainty for concrete compositions | |

| Model Changes | | Refresh Scheme | — For more information

Oo[g], partial pressure (atm)

Width D.g(05) (mis)
(m) C05[g], partial pressure (atm)

D+(COy) (m3s)

10 [M[oss

10

Concrete Saturation

Concrete Temperature (°C)

View Inputs |

View LeachX S/ORCHESTRA Results

View 2D Results

Initial concrete porosity

View 3D Results Initial concrete tortuosity

Define Cells

View Geometry

Settings for the Carbonation/Leaching Model
CoV

Parameter

| 0.2

207e-Emi/s

[=]

=]

n
Distributian

=)
=
[

infar mation
fixed far
these cases

0.02

0.05

015

Check to Save LeachXS/ORCHESTRA Output

BExit GoldSim

These text files help

Instructions File

Browse Model

Simulation Controls

Run Simulation (F5)

bincopy bat

control the simulation.

leacts_parameters

Simulation Setti
noscreenCO3 bat imulation Settings (FZ)

Simulation Controls

26-27 August 2014
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e ous Barrie e D
Sim
S¢
-
=L +
; Wault Col
=
Mode
®=0 T+
Vie
Define Cells
These text
control the

26-27 August 2014

o 1 NIST
@ENERGY anL ! RESD T

We Put 3dence Te Work

—
-

CO3_refresh_sch tet - WordPad — ——
| refresh_scheme. ordPa
View
Cut Y e Find
m b U Courier New 11 || A | A =~ *—' j ]}] é% n
Copy ?.lie Replace
Paste B 7| U ghe % x|~ A~ ||=|= = =| || Picture Paint Date arld Insert | .,
- 5 — | Sl *  drawing time object | iCiSelectall
Clipboard Font Paragraph Insert Editing
-|---g---|---1---|---2- 1 -3---|---4---|---5---|---5---|---

LeachXS/0ORCHESTRA Carbonation (C03) Prediction Model Refresh Schemes

Fevin G. Brown, FhD
Wednesday, 24 July 2014

FLELZSE DO NOT CHANGE THE INFCEMATICN IN THIS FILE EXCEFT IN THE
SCRATCHPAD AREAR BELOW.

The refresh rate (for the soil pore solutien in contact with the
concrete) i1s based on the travel time of water for the area, which
1s related to the infiltration rate. For semi-arid conditions, the
infiltration rate wvaries but i= gensrally slow enocugh that a no
flow boundary could be assumed (espscially when considering the
slow nature of the carbonation process). Thus a simple refresh
scheme using deionized water is employed in the model.

The infiltration rate, IR, at Hanford can vary from 0.004-0.08 m/yr

and up 0.30
solution to

square node

TR (yr)

m/yr at Savannah River. The time (TR} for the soil pore
travel the height, H, of the model domain (assuming a
face of area A where H = sgrt(a&)) would be:

= sgrt[A(m"2)]/IR(m/yxr) = H(m)/IE(m/vyx)

This time is used as the refresh interval in the LeachXS/ORCHESTRA
carbonation prediction model with constituent leaching.

The wvolume of water (VR) in contact with the tank wall and in near
equilibrium with the corresponding pore solution is also needed.

LeachXS requires this volume in liters. Estimates of soil porosity
(Bs) and saturation (8s) can be used to estimate the needed volume:

VR(L) = (3s) (Rs) [Vs(m~3)] (1000 L/m"3)

whata

»

m

100%

CBP Training -- Hanford
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LXO Controls for Percolation with Radial Diffusion

Scenario and General Options

") Iflight bulb is on, then LeachXSIORCHESTRA
&3 isthe currently selected model

Mobile  Total Height Conc.
Cells Cells {m} CoV

L] (=5 s fres

-
=L +

Vault Concrete One (VCO)

=

=8B [ Vault Concrete One (VCO

- Wault Concrete Twao (VCT)

l Std Vault Concrete (SVC)
Backdil Grout Material (BGM)

Model Changes

Settings for the Percolation with Radial
Diffusion Model

Parameter CoV

Mobile zane volume fraction 0.15

Mobile zone porosity 05
valid range 0.1 to 0498

Equivalent sphere diameter (m)
Immaobile zane shells per layer Ijl

Immobile zone porosity 01 || 005
Immobile zone tortuosity 200 015
Total (column) porosity

Check to Save LeachXS/ORCHESTRA Output

x=0 +
View LeachXS/ORCHESTRA Results

View Inputs | View 20 Results ‘ View 30 Results

Define Modes | View Geometry | Exit GoldSim

Instructions Fil bi bat

These text files help dheimtecebd - —
control the simulation.

leachs_parameters noscreenPRD bat

Simulation Controls

Browse Model Run Simulation (F5)

Simulation Controls

Simulation Settings (F2)

CBP Training -- Hanford
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Inflow Advection — radial diffusion
‘ approach
Advection Inflow

Mobile zone
Advection
(local equilibrium)

‘ Outflow

Immobile zone
Radial Diffusion

Mobile zone Immobile
controlled zone
* Refined mobile-immobile approach 1 / controlled
0.8 >
* Can capture micro-macro pore and 0 7

particle size distributions o

0.2

Relative concentration (C/G)

o
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Uncertainty Analysis

e Sources of uncertainty
— Inherent variability
— Data uncertainty
— Model uncertainty

e Approaches to uncertainty management

— GoldSim has sensitivity and uncertainty analysis capabilities

— GoldSim SubModel elements can be used to separate
variability and uncertainty, if wanted

— More advanced capabilities are being developed to evaluate
model uncertainty impacts
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Probabilistic STADIUM Results from GoldSim
lon Concentrations at Saltstone-Concrete Interface

2000 - 80
|
\
; 70
1600 -
80 -
5 =)
o °© 50
E 1200 - E
‘E .E 40
g g
= €
5 800 g 30 |
S 3
20
400 4
10 -
0 0

T T T T
10 100 1000 10000 10 100 1000 10000
Time (Years) Time (Years)

Nitrate Sulfate

26-27 August 2014 CBP Training -- Hanford 37



BP EE —rcn NIST %, US.
C _ CRESF QRCONTert il o sIMco

indards and Technclogy
U RsITY

Cementitious Barriers Partnership

Summary of Uncertainty Analysis
* Uncertainties due to physical variability, data uncertainty, and
model uncertainty considered

* Several methods available for uncertainty propagation through
computational models

 Methods for model uncertainty and error quantification
currently under study

e Bayesian framework appears attractive for managing various
uncertainties

 Methods for epistemic uncertainty under investigation

e Application to large problems (time-dependent, complicated
multi-physics) needs investigation (accuracy, computational
effort, uncertainty quantification, confidence assessment)
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CBP Software ToolBox — Phase |l

 |tems to be addressed in Phase Il include:

— Improve DLL interface to include additional text handling
capabilities and enhanced error trapping

— Add improved data visualization capabilities to the CBP
ToolBox using a direct interface

— Develop and link a “common” composition / material
property database to GoldSim

— Couple the NIST THAMES code to GoldSim using the DLL
interface

— Couple CBP partner codes for important phenomena (e.g.,
cracking) to reduce prediction uncertainty
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CBP Software ToolBox — Phase Il

T~
N .
(_~>_~---- GoldSim -
Graphics and Improved ™~ Compositions and physical
Results Visualization S~ - property database(s)
=~ ~
— — : A -
// ~ Dynamic-link library -~ N
L Mesh2d ) External Interface (' Nodes2d
\\ // ~ ~ - -~

Text files

STADIUM

26-27 August 2014
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LeachXS/ORCHESTRA
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Additional Overheads
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Cementitious Barriers Partnership

CBP Goal

Develop a reasonable and credible set of tools to predict the structural, hydraulic and chemical
performance of cement barriers used in nuclear applications over extended time frames (e.g.,
up to or >100 years for operating facilities and > 1000 years for waste management).

» Cementitious waste form in concrete disposal Long-term Mechanistic /
» Grouted high-level waste (HLW) tank closure _ _—_—
> Spent nuclear fuel pool integrity Hydraulic & Parameter Estimation and

» Nuclear processing facilities closure / D&D Chemical Measurement

» Grouted vadose zone to immobilize contamination Performance of

> Materials — surrogate low-activity waste (LAW) Cementitious
cementitious waste form, reducing grout, Materials &

reinforced concrete (historical) and reinforced .
concrete (future) Barriers

Structural,

Boundary Conditions
(physical, chemical interfaces)

Uncertainty Characterization

Basic Elements of the
Example Uses and Reference Cases Being Performance Evaluation

Completed

CBP Coordinated Experimental and Computational Program
» Develop and improve conceptual models
» Define test methods and estimate important parameters

» Calibrate and validateimedeistand perform probabilistic analyses
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STADIUM® (SIMCO Technologies)

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

— Simulates contaminant ingress, ionic leaching in pore solution, and
modifications to microstructure of cementitious material

— Accounts for electrical coupling between ions and activity gradients and
dissolution/precipitation due to the high paste reactivity

— Main components: ionic transport, electrodiffusion potential
conservation, moisture transport, and energy conservation

— Test results and methods available that relate directly to model
predictions and validation
* Planned model improvements
— Model damage due to sulfate exposure
— Model effect of pore solution viscosity
— Model effect of pore solution density of highly concentrated solutions
— Model carbonation and acid exposure and resulting secondary species
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STADIUM® Overview

STADIUM Graphical User Interface

Input parameters:
material properties
exposure conditions

Ooutput analysis:
chloride ingress rate
corrosion initiation

Mass and energy
transport equations

Chemical equilibrium
equations

STADIUM Calculation Engine
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LeachXS™/ORCHESTRA (ECN)

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

— Includes leaching results for 600+ materials (cements, concretes, stabilized
wastes, soils), scenarios, and regulations

— Assists evaluation and lab guidance, data management/evaluation, source
term description, impact evaluation, and decision analysis

— Geochemical speciation and chemical reaction/transport modeling integrated
into LeachXS using the ORCHESTRA model

* Planned model improvements
— Parallelize LeachXS/ORCHESTRA equilibrium module calculations
— Incorporate radionuclides and decay in LeachXS/ORCHESTRA

— Evaluate chemical model performance by comparing with pH dependent
solubility and diffusion data

— Account for chemical model uncertainty on transport predictions
— Account for impact of variable saturation and intermittent wetting
— Account for effects of physical and chemical heterogeneity
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LeachXS™/ORCHESTRA Overview

Materials Materials Excel
(Leaching data, i
Composition, Physical Hezgling Spreadgheets
characteristics) Database (Data, Figures)
1l
)
‘I.
Scenarios Reports
A (e-%-, f||t| Scenario (Figures, Tables,
Characteristics, Scenario and Material
geometry, infiltration, Database Descriptions)
hydrology)
Regulatory
h(Regu:gtoryd Regulatory
thresholds an
criteria from different Database Other Models

jurisdictions) (Source Term and

Parameters for
Fate, Transport,
and Risk Models)
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Cementitious Barriers Partnership

THAMES (NIST)

e Virtual “micro-probe” of microstructure

— Constructs time-dependent 3-D virtual microstructures of a
cementitious binder during hydration or degradation

— Computes important engineering properties of a concrete made from
a binder at prescribed times

* Planned model improvements

— Embed geochemical modeling code (GEMS) into microstructure
module

— Improve hydration microstructure growth rules

— Parallelize THAMES code

— Incorporate microstructure impact on GEMS boundary conditions
— Incorporate degradation reactions and effects on microstructure
— Improve predictions for more complex systems

Ill
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THAMES Overview

Input w/c, PSD,

Start particle shape
distribution, phase
fractions Speciation, hydration
product fractions,
enthalpy change

EVOLVER

Dissolved

YES components

GENMIC

3-D lattice
M-structure

;

Output Binder
Microstructure
and Data

CONCPROPS

Output Concrete
Effective
Properties
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Coupling Decisions and Software Integration

Exposure scenarios

h 4

Coupled processes jm==—=-—--- ¥
' « Define roles of

CBP partner codes

I

|

|
Mathematical formulation | « Parameters exchanged
(equation set / variables) E

- Exchange frequency

____________________ 1
Software implementation P 1 __________
'« New |/O file capability
« File format (e.g. XML)

* Design CBP front-end
(GoldSim and more)

Improved CBP Coupled CBP
partner codes partner codes
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