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Cementitious Barriers Partnership

Workshop Summary

CBP Software ToolBox Release (Phase 1)
— Focus on sulfate ingress and attack / damage
— Custom Dynamic-link library (DLL) developed (SRNL/VU)
— GoldSim model - Probabilistic wrapper for partner codes
— Custom DLL used to link to current partner codes

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

Uncertainty Analyses using GoldSim functionality

Future Plans for Software ToolBox (Phase Il)
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CBP Toolbox Development

Enhanced
Phenomenological &
Mechanistic Models

Experimental Data
Simulation Methods

Algorithms Parameters
Verification (Lab & Field)

|
| ! | !

Coupling with Extend Independent Uncertainty Analysis: Demonstration Cases:
Performance Design & Assessment Physical Variability, Disposal Vault, Tank
Assessment Codes: Codes: STADIUM, Data Uncertainty, Integrity and Closure,
GoldSim, ASCEM THAMES, LeachXS/ Model Error Spent Fuel Pool Integrity,
ORCHESTRA Dry Cask Storage, D&D
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Software ToolBox General Design Principles

 Model development is proceeding in phases

— Weakest appropriate coupling amongst models

* Parallel improvement of partner codes and coupling

— Influence, but stay within, CBP partners' main code development
paths

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

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

 Phase I: Use existing CBP partner codes "as is"
— No coupling between LXO and STADIUM
— Use CBP Custom Dynamic-link library (DLL)
— Focus on sulfate ingress and attack / damage
* Phase II: Coupling through functions
— Modest coupling where appropriate
— Add THAMES partner code (virtual microprobe) to ToolBox

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

— Use "system call" DLLs using instructions file (run time)
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Compositions and
physical property data

Mesh2d Dynamic-link library
External Interface
Text files s
v
STADIUM LeachXS/ORCHESTRA
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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 in Phase |
— STADIUM - SIMCO Technologies, Inc.
— LeachXS/ORCHESTRA (LXO) - LeachXS Lite

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

X= L-h- X= I_—‘i
\Waste material \Waste material
(saltstone) (saltstone)
Xx=Lt
Concrete | § Concrete | € Concrete | §
barrier S barrier Q barrier S
e x=07 =0T
Soil
x=0T
a) Multilayered case b) Simplified two-layer case c) Single layer case

Figure 1 — Schematic representation of demonstration cases
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ToolBox—Define Model & Instructions Files

r |
BT TextPad - C:\Users\kgbrown\Documents\Cementitious Modeling\Task 9 - Computational Code\CBPsoftware Toolbax\Template\s TADIUMistad09d-chp-task7-2layers.inp B
File Edit Search View Tools Macros Configure Window Help
O = B && % Cryee] 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
Search Results 1 x
J
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 SawveOutput flag-—internal DLL use
| et - - : - :! :! e e Lot il iant=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 2 col 3 1 1 input 120 integration_pts
121 row 9 col 3 1 1 input 121 tolerance 7
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ToolBox—LXO Model & Instructions Files

leachxs_parameters.tit ] - 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¢| m | p
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Cementitious Barriers Partnership (CBP)

DLL Link to STADIUM® and LeachXS™/ORCHESTRA Codes

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.

A Dashboard is a user interface employed

Click on *+' to in Gold5im to control a simulation.

open Container
Double-click links in
Goldsim to activate

-

Start Here

cementbarriers.org

Cementitious_Models

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

Distribution Statement:

This computer software has been developed under sponsorship 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 specificalty 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.0. Box 62, Oak Ridge, TN 37831 1020. Thiz product includes software produced by
Savannah River Nuclear Solutions, LLC under Contract No. DE-AC09-085R22470 with 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 WVanderbilt University, nor any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights.
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Edit Mode: Press F5 to run model.

Filter ON

Edit Mode
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55 Model Controls for Cementitious Barriers Simulation

BB Cementitious_Models
aﬁi Dashbeoards

[ Build_Mesh In this release of the CBP Software Toolbox, you can choose to run either a LeachXS™/ORCHESTRA
[8 Define_Carbonation_Nc (LXO) or STADIUM® simulation for a given scenario. Current models focus on sulfate ingress (STADIUM)
[ Define_Nodes and sulfate attack or carbonation (LXO) on a cementitious material for pre-defined scenarios.

LX0_Carbonation_Cont
g LXO_Sulfate_Control Select STADIUM or LeachXS/ORCHESTRA (LXQ) to run the
- [8] Simulation_Control simulation. Simulation settings are set as described below.

8 STADIUM_Control | | pemmmm e ;

| STADIUM - Sulfate Ingress ~ |

-8 STADIUM More Optior L Create the finite element mesh for the STADIUM® sulfate
[ ViewLXOCem(7Results = ' ingress scenario
--E8] ViewLXOResults E 3 3 R
- FE] ViewSTADIUMResults 5o 2. Run Controls Set up and run the selected STADIUME simulation
E-§i Help ; 5
----- ¥ Quick_Start_Guide Sl
Set up the LeachXS™/ORCHESTRA (LXO) scenario
: (Parts are disabled because numbers of nodes are fixed) :
[ Set up and run the LeachXS™/ORCHESTRA simulation of
W sulfate attack on a cementitious material, :
g | |
o OR ;
2 | '
< Set up the LeachXS™/ORCHESTRA (LXO) scenario
E (Parts are disabled because numbers of nodes are fixed) !
: Set up and run the LeachXS™/ORCHESTRA simulation of
b carbonation on a cementitious material :
4 | LI | F oo ooooooooiooioooooooooooooooooocoooooool
) §F Cortainment . |E% Class View
Edit Mode: Press F5 to run model. Scale: 100%  Filter OM  Edit Mode
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[h]Q BB
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Search Options. ..
H-5g Model

i‘i Cementitious_Models
|_:_|'ﬂ Dashboards

[F8] Build_Mesh
g Define_Modes
g LXO_Control
--fg] Simulation_Contrel
-5 STADIUM_Central
-5 STADIUM_Mare_Optic
ViewlLXOCem07Results
g ViewlXOResults
-5 ViewSTADIUMResults

w-§i Help

Build STADIUM® Simulation Mesh

4| m | ¢

3 ot .

il
I‘@f" [fthe light bulb is on, then STADIUM is the currently selected model
1. Define mesh Cpen superMesh ‘ Cpen xMesh Cpen yMesh Open mtypMesh
For information only.
L 3 L. 1 |025 L 2 | 05 L. 3 |025
ayers l_ ayer m ayer m ayer m User controls above.
2 Build mesh Mzl mesh =  Finite Elements -- User controls element
iom i ithi i =5]
101 allocation in #1. Mo check within Gold Sim.
3. View mesh Text Open output
Licensing issues
Tecpiot | ‘ ‘ being addressed.
Gnuplot Edtbatchfie | Runbaichfie | View baichplot |
Open window
STADIUM Instructions File
STADIUM Controls ‘ Simulation Controls ‘ STADIUM Batch File ‘
STADIUM Input File

Edit Mode: Press F5 to run model.
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simco

ile Edit View Graphics Model Run Help

EHowE alT

[i] 4 % Cortainer Path: “Dashboards'fs

#“4 DB

Search Options. ..
H-5g Model

i‘i Cementitious_Models
|_:_|'ﬂ Dashboards

[F8] Build_Mesh
g Define_Modes
g LXO_Control
--fg] Simulation_Contrel
-5 STADIUM_Central
-5 STADIUM_Mare_Optio
ViewlLXOCem07Results
g ViewlXOResults
-5 ViewSTADIUMResults

-

Help

1. Define mesh

Layers r_i

2. Build mesh

3. View mesh

®

Open superh|

Lay

Make mes|

Text

Técpw'

Gnuply

4 T | »

8 Cortanert

?

=]
0O
B3]
.

T )&Tx = |fi=
Paste B I U deX | 2-A-E===F
Clipboard Font Paragraph

P SEENERES KRR RN KRR K

hMesh.dat

yMesh.dat

mtypMesh.dat

HKYEZ

Mesh2d.log

MeshZ2d.dat

COQR.dat

TYPE.dat

. ASTADIUMAZ20cm-50cm-mesh.cor
. - ASTADIUMA20cm—-50cm-mesh.ele
Mesh2d.tec

Geometry.tec

polygon.tec

Mesh2d.vts

Mesh2d.gnu

= &34 Find
2 Replace
Insert | ...
- | i} select all
Editing
1 5 1

Edit Mode: Press F5 to run model.
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Eile Edit View Graphics Model Run Help

[]Q B B3

== Bl E #[Z =gom P
1] < Container Path: “Dashboards"\Build_Mesh v iy
M -
Search Options... . . -
> Model Build STADIUM® Simulation Mesh

3“ Cementitious_Maodels

- §d Dashboards

----- Build_Mesh &

----- Define_Carbonation_Nodes )

----- Define_MNodes

..... LXO_Carbonation_Caontral | ‘ ‘ |

..... LXO_Sulfate_Control 1. Define mesh il e Smres b il I

..... Simulation_Control

i

_____ STADIUM Cantral For information only.

- Layers 3 Layer1 (025 Layer 2 05 Layer3d |0.25 :

..... STADIUM_More_Options Y ’_ ¢ " ! = ' § Jser controls above.

----- YiewlLXQOCemO7Results

Ifthe light bulb is on, then STADIUM is the currently selected model

----- ‘u‘iewLXOResults 2. Build mesh Mahhads ==  Finite Elements -- User controls element
..... 5] ViewSTADIUMResults allocation in #1. No check within Gold Sim. B
101
- Help
..... BF Quick_Start_Guide
3. View mesh Text Open output
Licensing issues
Tecplot | ‘ ‘ being addressed.
|
Gnuplot Edtbatchfie | Runbatchfie | Viewbatchpit |
Open window
— text files help Simulation Controls
ese text files ;
. _ . | | control the simulation. AL ‘ sl eie B ‘ EchE ‘
STADIUM Controls

| %# Containment ...

Edit Mode: Press F5 to run model.

Scale: 100%  Filter ON  Edit Mode
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I
iy
il
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Iz
i
=
A

(N|Q EE o

* o

PN

4 - 7 MainWindow
Search Options. .

File i
I Model

Page: Untitled (ID=2)

B'i'i Cementitious_Models
-84 Dashboards

I Build_Mesh
----- Define_Carbonation_Modes
..... Define_Modes
----- LX0O_Carbonation_Control Three Layer System
..... LXO_Sulfate_Control () :
| - Simulation_Control mtyp: 12 ]
----- STADIUM_Control
i STADIUM_More_Options a
----- ViewLXOCemO7Results i
..... ViewlXOResults
----- ViewSTADIUMResults
- 8§ Help
..... B Quick_Start_Guide :
1
:
3

III}
The
« i | v ELTd
r—
|
'Edi‘tMode:PressFStorun model. Scale: 100%  Filter OM  Edit Mode
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Eile Edit View Graphics Model Run Help

[]Q B B3

== Bl E #[Z =gom P
1] < Container Path: “Dashboards"\Build_Mesh v iy
M -
Search Options... . . -
> Model Build STADIUM® Simulation Mesh

3“ Cementitious_Maodels

- §d Dashboards

----- Build_Mesh &

----- Define_Carbonation_Nodes )

----- Define_MNodes

..... LXO_Carbonation_Caontral | ‘ ‘ |

..... LXO_Sulfate_Control 1. Define mesh il e Smres b il I

..... Simulation_Control

i

_____ STADIUM Cantral For information only.

- Layers 3 Layer1 (025 Layer 2 05 Layer3d |0.25 :

..... STADIUM_More_Options Y ’_ ¢ " ! = ' § Jser controls above.

----- YiewlLXQOCemO7Results

Ifthe light bulb is on, then STADIUM is the currently selected model

----- ‘u‘iewLXOResults 2. Build mesh Mahhads ==  Finite Elements -- User controls element
..... 5] ViewSTADIUMResults allocation in #1. No check within Gold Sim. B
101
- Help
..... BF Quick_Start_Guide
3. View mesh Text Open output
Licensing issues
Tecplot | ‘ ‘ being addressed.
|
Gnuplot Edtbatchfie | Runbatchfie | Viewbatchpit |
Open window
— text files help Simulation Controls
ese text files ;
. _ . | | control the simulation. AL ‘ sl eie B ‘ EchE ‘
STADIUM Controls

| %# Containment ...

Edit Mode: Press F5 to run model.

Scale: 100%  Filter ON  Edit Mode
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Eile Edit View Graphics Model Run Help

0 & o ElEwE Y mism 2 [RHARBO
1] < Container Path: “Dashboards*STADIUM_Caontrol - a0
i Y -
Search Options...
o Modd STADIUM® Run Controls Dashboard

B'ﬂ Cementitious_Models
- §d Dashboards

----- Build_Mesh
..... Define_Carbonation_Nodes Scenario Options General Run Settings
----- Define_Modes —
- I\ ,I . . . —= .
----- LX0_Carbonation_Control @ If light bulb is on, then STADIUM is the currently selected model Initial Time Step, sec 26400
----- L¥X0_Sulfate_Control
----- Simulation_Ceontrol : Max Time Step, sec 4.32e+006
1l STADIUM_Control Three Layer Model « | Selectthe number of layers in the model
..... STADIUM_More_Options Step Adapt Factor 15
ViewLXOCem07Results 1 \Width Conc.
..... Viewl XOResults =t T (m) Cov Step Adapt Criterion 0.005
----- =] ViewSTADIUMResults 5]
- :alp Salt Waste Type 1 - | 025 | 005 Total number of nodes 1071
----- BF Quick_Start_Guide 14
T Check to Save STADIUME Qutput
B | Layerz: |Vauk1/4(1) - B[ 05 B[ 0.05
l View STADIUM® Results
. 1
Layer3: | Soi Type 1 - [ 025 S Now kgt Ven Beaas
x=0 T Simulation Controls
Generste Mesh ‘ View Geometry ‘ RESQ Options LresStis i L PR
Simulation Settings (F2) Simulation Controls
These text files help )
< ] ' | | controlthe simulation. """ Fi° ‘ et o ‘ vl s P—
Exit GoldSim

| %# Containment ...

Edit Mode: Press F5 to run model.

Scale: 100%  Filter ON  Edit Mode
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Eile Edit View Graphics Model

O

dh
Search Options. ..

Bun Help

ik B MY B4 T s | B ES

Container Path: “Dashboards*STADIUM_Caontrol

£ @ ¢

o Model
: Cementitious_Models
Dashboards
----- Build_Mesh
----- Define_Carbonation_
..... Define_MNodes
----- LXO_Carbonation_Ct
----- LXO_Sulfate_Control
----- Simulation_Control
----- STADIUM_Control
..... STADIUM_More_Opt
----- WViewlLXOCem(7Resu
----- ViewlXOResults
----- YiewSTADIUMResult:
Help
Quick_Start_Guide

4]

|

BN C\Windows\system32\omd.exe

SIMCO Technologies Inc. — STADIUM Core 288%d. September 20697

Input file:
Output file:

STADIUM® Run Controls Dashboard

Restricted Use — CBP Project

B C'\Windows\system32iomd.exe

Chemical equilibrium calculation, node:

5.837 vears » 188.8 years

Chemical equilibrium calculation, node:
75.348 years ~ 1880.8 years

Chemical equilibrium calculation,
75.36%7 years ~ 18H.8 years

Chemical equilibrium calculation,

75.38%9 years ~ 188.8 years

4 1]

Edit Mode: Press F5 to run model.

%# Containment ...

Chemical equilibrium calculation,
75.418 years ~ 188.8 years
Chemical equilibrium calculation,

75.431 years ~ 188.8 years

Generate Mesh Chemical equilibrium calculation,

m

75.451 years ~ 188.8 years

Chemical equilibrium calculation,

These text files help L
r control the simulation.

Exit GoldSim

T TRy T | |

Filter OM Edit Mode

Scale: 100%
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File Edit View Graphics Model Bun Help
B 21= 14 %op | ? {R|QEEO

[ 4 Container Path: “\Dashboards'ViewSTADIUMResutts

O
T
i}

i -
Search Options....
H-5g Model
i‘i Cementitious_Models
Eﬁ Dashboards
----- Build_Mesh
..... Define_Modes
..... LXO_Control
----- Simulation_Control Minerals
----- STADIUM_Contral
----- STADIUM_More_Optio
Do s
----- ViewSTADIUMResults

Potassium Suffate T

=-Ef Help Ettringite Gypsum
Calcium Aluminum Hydroxdde:

View STADIUM® Results

Chemicals

Sodium Hydroxide

Monosulfate Calcite

AFm-OH Chloride Silicate

Carbonate Mitrite

Thaumasite

Monocarboaluminate Nitrate

Retum to STADIUM
Controls

4| m 3

3 ot .

Edit Mode: Press F5 to run model.

Scale; 100%  Filter OM  Edit Mode l
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File Edit View Graphics Model Bun Help

D& EladwE @@ sm 2 (KQmEBE o
I (il ¢ % Container Path: “Dashboards'ViewSTADIUMResults | |
M -
Search Options ..
H-5g Model . ®
i‘i Cementitious_Models VJEW STA DIUM Resu"t's

—|-&d Dashboards

T s e i Aray Chart: Etingite Conc R
..... Define_Modes B+ ¥ By & 1D @ " Realization: 1215
..... LXO_Control

----- Simulation_Control

----- STADIUM_Contral

----- STADIUM_More_Optio
----- ViewlLXOCemO7Results
..... ViewLXOResults

----- ViewSTADIUMResults

&l Help

Ettringite_Conc

123456878 9 10MNM213N4151817181820212223242526272829303132333435363738309404 1424 34445454 748495051 525354 555657585560
Ettringite_Conc [Nodes]

4| m | r [
e

&# Containmert ..
Scale; 100%  Filter OM  Edit Mode

Edit Mode: Press F5 to run model.
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Summary of STADIUM External Linking

r A
External Properties : Link_to_STADIUM_2Layers &
S Interface stadium_2layers a
Input Interface Defintion <CBPDatalog Realization="0">
Inputs <DataSet Name="Input"> 4
# Name I Definition | = L] <Values Number="119">
| 1 |saveOutput ~ SaveOutput —— g - —% inargs(l) 1.0000
2 [ realizatonNumber realizationNumber > %ﬁiigz Ei; g%gogg <
 ——— L .
il__mm_l ChemicalComp —u 4 inargs (4) 4420.0
__4 |MineralComps  : MineralComp ~ T—— . inargs (5) 120.00
5 |Material Prop : Material Prop - R inargs (6) 130.70
6 | Duration_years  Duration_years . C inargs(7) 0.41000
7 | stadium _Input ] TInitial_: InitialTimeStep - : inargs(8) 0.14000
8 | stadium, _Input | Max T MammumTlrneStep o j.nsiul:(-gs (13) 1575 0
9 | Stadim Tnnit Sten Sten Adant Factar i L . ’
inargs (119) 101.00
Output Interface Definition = z s
</DataSet>
#
. . RS B + Outputs <DataSet Name="Output">
1 | Chemical_Conc Matrix[Nodes,Chemicals] of Values (mmollL) ~_ <Values Number="6020">
2 _Mir_'lgr_a_!__c_q_n_;_ o -1atrtx[Nodes Mlnerals] ofVaIues (dlmensmnless r outargs (1) 0.0000
outargs (2) 0.0000
N outargs (3) 0.0000
h outargs (4) 0.0000
\4 outargs (5) 0.0000
G outargs (6) 0.0000
outargs (7) 0.0000
‘outargs(33ll) 0.0000
outargs (6020) 0.0000
</Values>
[ OK ] l Cancel ] [ Help ] </DataSet>
</CBPDatalLog>
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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 or DLL)

— Put application content in an “instructions file” that is 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
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%Eile Edit View Graphics Model Bun Help
DM s2RABE (Edva|a=Zazxwss|? (RQEHB® IHHNALtELG: HI=DE
SOOI Sy T e Bl Dashboards' LMD Suffate Control - “\]
& -
Search Options... DLJ
™ i
o Model LeachXS™/ORCHESTRA Controls for Sulfate Attack I
5§ Cementitious_Models )
&4 Dashboards a,
""" Build_Mesh . . Concrete Settings for External Sulfate Attack
_____ Define. Carbonation_Nodes Scenario and General Options e
----- Define_Modes O
_____ LXO Carbonation Control Q If light bulb is on, then LeachXS/IORCHESTRA
_____ L}(O—Sulfate Cont_rol is the currently selected model A
----- Simulation_Ceontrol =
(NI STADIUM Control One Layer Model '] Select the number of layers in model
----- STADIUM_More_Options ’E 1
..... Viewl XOCem07Results . Nodes  WVidth Conc. a |
..... ViewLXOResults w=L T e s [N
..... ViewSTADIUMResults 'SWD_SR2 -1
- §d Help - -
—BF Quick_Start_Guide
L
Vault Concrete Two (VCT] Nl
[ |
' Check to Save LeachX5/0RCHESTRA Cutput EE
4=
i - 01 0.05
| | 2ne_Soi ! ! View LeachXS/ORCHESTRA Results =
=0 -4
: View Inputs J View Results J N
| | \
Define Nodes View Geometry Exit GoldSim ‘J Simulation Controls
Browse Model i Run Simulztion (F5) 1 an
These text files help Instructions File J bincopy bat i g
-4 | m | control the simulation. Ieadnmgalame‘ters_l e —_ ‘J Simulation Settings (F2) Simulation Controls i
rr— il 3 ,
[
Edit Mode: Press F5 to run model. Scale: 100%  Filter ON  Edit Mode ||
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Eile Edit View Graphics Model Run Help

Dl + 20 RE (RewD AX| @A 5m ?

[R]Q B E O

THRsEsL G

HEI=EE

SOOI Sy T e Bl Dashboards' LMD Suffate Control

dh M o
Search Options... DLJ
™ i
o Model LeachXS™/ORCHESTRA Controls for Sulfate Attack I
5§ Cementitious_Models )
&4 Dashboards a,
""" Build_Mesh . . Concrete Settings for External Sulfate Attack
_____ Define. Carbonation_Nodes Scenario and General Options e
----- Define_Modes O
_____ LXO Carbonation Control Q If light bulb is on, then LeachXS/IORCHESTRA
_____ L}(O—Sulfate Cont_rol is the currently selected model A
----- Simulation_Ceontrol =
_____ STADIUM Control One Layer Model '] Select the number of layers in model
----- STADIUM_More_Options ’E 1
..... ViewlXOCem07Results Modes  V/dth Conc. a '
..... ViewlLXOResults #=L - Cov —
..... ViewSTADIUMResults [ swp_sr2 |
- §d Help - -
—BF Quick_Start_Guide
| |
Vault Concrete Two (VCT] Nl |
[ |
Check to Save LeachX5/0RCHESTRA Cutput EE
| . 4=
i - 01 0.05 .
LZrc o . ! ! View LeachXS/ORCHESTRA Results =
=0 -4
: View Inputs J View Results J N
| | \
Define Nodes View Geometry Exit GoldSim ‘_J Simulation Controls
Browse Model i Run Simulztion (F5) i an
These text files help Instructions File J bincopy bat =I g
-4 | m | control the simulation. |ead‘[:¢EJ3EIIEI'I'IE‘tE|'S‘J e —_ ‘J Simulation Settings (F2) Simulation CnrrtrolsJ i
5 Corimen.. il .
[
Edit Mode: Press F5 to run model. Scale: 100%  Filter ON  Edit Mode ||
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Eile Edit View Graphics Model Bun Help

BErE2=0 ke #%os| @ iRQEEEO
4 % Container Path: -

-
&
iC]

ﬁ -
Search Options...

® Model

+'ﬂ‘i‘ Cementitious_Models

—-§§ Dashboards

----- Build_Mesh . - Concrete Settings for External Sulfate Attack
_____ Define_Carbonation_Nodes Scenario and General Options 9

..... Define_Modes . Parameter CoV
_____ L¥O Carbonation Control [ Iflight bulbis on, then LeachXS/IORCHESTRA

_____ LXCI_Sulfate Cnnt_rcul g isthe currently selected model

-

----- Simulation_Control

----- STADIUM_Control

----- STADIUM_More_Options
----- ViewlXOCem07Results
..... ViewLXOResults =1
----- ViewSTADIUMResults
+'ﬂ‘ Help

B8 Quick_Start_Guide

One Layer Model EN C\Windows'\system32omd.exe

de IntegrationPhasel _UB1~Template“Huns“realization_#W>*REM Run ORCHESTRA from Leachj® I
®E suwddirectory containing ORCHESTRA and updated model files

C:sUsersskgbrovwnsDocuments™»Cementitious ModelingsTaszsk ? — Computational Code“Co

de IntegrationPhaszel _UB1“Template“Huns“realization_H>HEM java —cp orchestraZBB8. jiiE
ar orchestra2.ConcertBase concert.xml

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 .....
({Expander? Including file: leachxs_parameters.txt
(Expander)> Including file: leachxs_parameters.txt
7 (Expander?> Including file: leachxs_parameters.txt
Reading calculator check_dt.inp

Expanding phases

+— width —»

Expanding entities ... B.8028 s
Zine So Reading variables .... B.88%8 =
e llcading calculator chemisteyl.inp
Expanding phases .
x=0 + (Expander) Including file: uwiohjects.txt
(Expander?> Including file: ..>..>bin“objects2088 . txt
(Expander> Including file: mineraldefinitionl.txt N
Expanding entities .... 5.37%6 =
Define Nodes Reading variables .... i
|
Browse Model Fun Simulation (F5)
These text files help Instructions File bincopy bat
‘ r b control the simulation. Simulation Settings (F2) Simulation Controls
leachus_parameters noscreen ] bat

| ¥ Containment ..

Edit Mode: Press F5 to run model. Scale: 100%  Filter ON  Edit Mode
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|£| Timestep: 1531  (Runtime: 1421 seconds.)

YAxis: MNode_order Add Diagram:

) & Containmert .. El:lass View

Edit Mode: Press F5 to run model. Scale: 100%  Filter OM  Edit Mode
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%Eile Edit View Graphics Model Bun Help
0w @ Féve aZansmlt [Hapso |
4 % Cortainer Path: “Dashboards'L¥0_Carbonation_Control -
& -
Search Options...
™ y
o Model LeachXS™/ORCHESTRA Controls for Carbonation
5§ Cementitious_Models
&4 Dashboards
----- Build_Mesh . .
- i 1 Settings for the Carbonation Model
_____ Define. Carbonation_Nodes Scenario and General Options g
""" DEﬁ"E-N':'dES_ Parameter  CoV
..... il
LXO_Carbonation_Control (") Iflight bulb s on, then LeachXSIORCHESTRA _
----- LX0_Sulfate_Control J is the currently selected model C02[g), partial pressure (atm) I 0.0038 I 01
----- Simulation_Ceontrol
- i 0.2 0.
|| STADIUM_Control S o 02[g], partial pressure (atm) | |
----- STADIUM_More_Options Monolith Nodes e i i
- - m CoV Initial 1
_____ Viewl XOCemb7Results {m) nitial concrete porosity 012 I 0.05
""" ViewLXOResults Vault Concrete Two (VCT) 20 | 05 | 0.05 Initial concrete tortuosity 144,928 0.15
..... ViewSTADIUMResults ] I—I I—‘ |
- K Help Treat data uncertairty for concret sit [ 5
SR e e Check to Save LeachXS/ORCHESTRA Output [/

- Quick_Start_Guide

I
View LeachX 5/ORCHESTRA Results
View Inputs View Results
[efine Nodes | View Geometry . Exit GeldSim Simulation Controls
Browse Model : Fun Simulation (F5)
These text files help Instructions File . bincopy bat
Il [ T | ¥ control the simulation. P R — Simulation Settings {F2)l Simulation Controls

[ Tr— ~

Edit Mode: Press F5 to run model.
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"B Goldsim Pro - GoldSim Sta bModel.gsm
%Eile Edit View Graphics Model Run Help
DS W B R&e(EHeve aX @vsm 2 [RAEBE i
Container Path: % - n\u
& -
Search Options... . . . . — Dlu
55 Model Cementitious Barriers Partnership (CBP N
]
- Cap_properties - . H H
515 Cementitious Modds Generic High-level Waste (HLW) Tank Closure Scenario
g A
[ % Cementitious_Medels_1
[#-55 Cementitious_Models_2 &) e
& Dashboards » > (]
- Flow_field Engineered Cap Cap_properties
-l Grout_Properties il Receptor A
(- Help . —r T ST, T o— e g P —— E
-§f Materials FANGL TS o 3 gusmEERERRERERRNSNN,., , e
| o B sourcel -:....- IO LT Y o e S L "".“_....----..-- UL e e Al oo “ 5\,[:?:? =
! i E Sourcel 1 G4 CROBXTY Sl P 5y —vv . Well N
[g Sourcel 2 '_“ulh_[ ete Dome =¥ - A A 3
| - HF Steel_liner . % . Materials ]
--§§ Waste_Zone_Properties 3 . H
Contaminant_Flux - - .
- ! n . g »
-4 Receptorl s ¢ ," Grout_Properties % .
(I Simplified_Aquifer StatHere = { il Grout Soil H 4
(B Simplified_Vadose_Zone : 4 ; H
- L g Churced | Cementitious_Models .
. ing Grout \ rEabo .
| 2 Steel_liner : > \". : _f,. IDH crete :
Y "'_“'}! Shell B
1 A .
l ‘ 00 000 ey e m (R Grout Soil E
F , VU, UUU 1anK Capac :
' ! "~ Y g =) Flow_field =
| Sourcel_1 | Cementitious_Models_1 c
Waste Zone Properties b . l -
% .
. *1 .
e Grout Soil 7
¥R P T .' i —— A 1.«.___-_._: _,__'h_‘_._-._.'_.:._"_._-! - 5
;?, At “"'""'"',. Cementitious_Models_2 H
- — Js® Y ]
! .-----l---.......-------...“---.--.------------------l" ..‘. '_-
., .
= > -
> (- ?', .
Vadose Zone El —_— .
Simplified_Vadose_Zone Eontaminant_Flux .
L o
v ot
' "-------....._._,.-"
Saturated Zone = - e L emmmn o ol i
Ll Simplified_Aquifer H
| & Containment ... | Class View . T ¢ F
|Ed|t Mode: Press F5 to run model. Scale: 100%  Filter ON  Edit Mode
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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
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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

* Bayesian framework appears attractive for managing various
uncertainties

 Methods for epistemic uncertainty under investigation

* 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 I

 |tems to be addressed in Phase |l 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 Ii

- GoldSim -

Graphics and Improved ™~ Compositions and physical
Results Visualization S~ - property database(s)
=~ ~
It N
Dynamic-link library -~ N
Mesh2d External Interface (\ Nodes2d )
~ — -~
—

Text files

STADIUM THAMES LeachXS/ORCHESTRA
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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 /

vault with cap (<> Landfills Partnership) Phenomenological Basis

» Grouted high-level waste (HLW) tank closure Structural,

> 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

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 validate models and perform probabilistic analyses



