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Y Overview: GDSA Software Framework
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/ GDSA Framework

* The Geologic Disposal Safety 7 —  Computatonatsuppon ™~
Assessment (GDSA) Framework Input Uncertainty
encompasses a suite of software = senstuty ansysis || voens || pramaravien
libraries including the multi-physics ETYCON | Kl || -
simulation engine, PFLOTRAN W\ P otororks visiT_ ),

- PFLOTRAN simulates evolution of the 1 (vlr
source term and engineered barrier f Multi-Physics Simulation and Integration \ Results
system (OD models) coupled to flow PFLOTRAN HE
and radionuclide transport (3D) - |
through the EBS and NBS to the (" oouce Termand A f Flow and Transport Model ) (| Biosphere Model || R

H - vection, diffusion, dispersion B Exposure
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ecav,lngro\.‘ut B Sorption, solubility, colloids B Uptake/ 3 ;

« Recent advancements have focused @ Wb depaduton  FMDN | | = lsotope paritoning  trnstr e
on improving performance and fidelity |[g fedencide reless = Thermal effcts calculations U
for high temperature, multiphase, and gst AN AR j

multi-continuum applications




Overview: Conceptual Model in PFLOTRAN

ENGINEERED BARRIER SYSTEM (EBS) NATURAL BARRIER SYSTEM (NBS) BIOSPHERE

SOURCE NEAR FIELD FAR FIELD RECEPTOR

0D Source Term Models 3D Flow and Transport

« WF Radionuclide Inventory « Multiphase flow

« Decay Heat « Advective-Diffusive-Dispersive Transport
« (riticality « Radionuclide SPDI

« Multiple Continuum




P Recent PFLOTRAN Advancements

Process modeling

Multiple Continuum
Transport

Thermal Conductivity
Anisotropy

Material Transform
Criticality Module

Reduced Order
Geomechanics Model

Gas Transport

Updated EOS including
Salinity

Fully-coupled Solute Mass
Balance

Software Performance

« Advanced Linear and Non-
linear Solver Options

 Characteristic Curve
Smoothing

« Lookup Table-based
Function Evaluations

« 3D Lookup Table
Interpolation

Software Infrastructure

Agile development process
using Jira

GDSA QA Test Framework
GDSA Calculation Archive
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PFLOTRAN User Guide
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/ “ Two sets of documentation:

PFLOTRAN Documentation » PELOTRAN Documentation

PFLOTRAN Documentation

PFLOTRAN

* Release version (currently v4.0):
documentation.pflotran.org Tt of Cronts

- Development version: doc-dev.pflotran.org == “I I EMRiN:

Local Table of Contents

PFLOTRAN Documentation » User's Guide » MATERIAL_TRANSFORM_GENERAL

PFLOTRAN

Table of Contents

Develaper Cuide
Theory Guida
User's Guide

Local Table of Contents

MATERIAL_TRANSFORM_GENERAL
= ILLITIZATION
= Required Blocks and Cands
= llitization Paramatar Dafinftions
= Oplional Blocks and Cards
= Test Witization Moded
= Examples
= Matarial with transform named
“mif_bentonite” containing illitization model
= Relerences

Pravious fopic
POLYGON
Next topic

UFD_BIOSPHERE

Quick search

Back to Input Deck Cards

MATERIAL_TRANSFORM_GENERAL

The Material Transform Process Model |s documented here.

This option specifies the material transform process model, which is a child of flow and a pear of transport. Under the
SIMULATION block, the process model is included by adding the MATERIAL_TRANSFORM block:

SIMULATION
SIMULATION_TYPE SUBSURFACE
PROCESS_MODELS
SUBSURFACE_FLOW flow
MODE GEMERAL
!
SUBSURFACE_TRANSPORT transport
MODE GIRT

!
MATERIAL_TRANSFORM <name_string=
!

!
END

where <name_string> is a user-defined name for the process model. There are currently no additional oplions for this block.
Functionality is currently available for problems ufilizing flow modes (such as GENERAL, TH, and RICHARDS) andior reac-
five transport with UFD_DECAY,

The details of the process model are included in the MATERIAL_TRANSFORM_GEMERAL block, which lists several
MATERIAL_TRANSFORM objects that can be associated with a MATERIAL_PROPERTY.

Supporied models that can ba included in a MATERIAL TRAMSFORM object include the following:
¢ [LLITIZATION

ILLITIZATION

The illitization function allows for a time- and temperature-depandent change from smectite to illite to be evaluated during the
simulation, which in tum can be used to impart a commensurate change in permeability andlor sorption,

Go

This is the develepment version of the decumentation.

PFLOTRAN is an open source, state-of-the-art massively parallel subsurface flow and reactive transport code. The code is
developed under a GNU LGPL license allowing for third parties to interface proprietary software with the code, however any
modifications to the code itself must be documented and remain open source. PFLOTRAN is written in object oriented, free
formatted Fortran 2003. The cheice of Fortran over C/C++ was based primarily on the need to enlist and preserve light col-
laboration with experienced domain scientists, without which PFLOTRAN's sophisticated process models would not exist,
PFLOTRAM's source code repository is on Bitbucket.

Announcements

Documentation

= Developer Guide
= Theory Guide
= User's Guide

Meed help beyond the documentation above?
Search topics at or submit a question to the pflotran-users Google Group.
Email user questions to pflofran-users at googlegroups dot com
Email bug reports to pflotran-dev at googlegroups dot com




/ Software Infrastructure: Open Source Tools
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« Public code repository: https://bitbucket.org/pflotran/
Version control
Development philosophy and coding standards
Merge request requirements and mandatory checks
Major/minor/patch versioning Jira
« Documentation: https://www.pflotran.org/documentation/
« (Continuous integration
Regression testing
Unit testing
* Task Management
Jira
« QA Test Suite: https://www.pflotran.org/ga/
Modular design

Bitbucket

Gitlab



https://bitbucket.org/pflotran/
https://www.pflotran.org/documentation/
https://www.pflotran.org/qa/
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/" Software Infrastructure: Jira

Roadmap
Q .t@ﬁ +2 a" Status category ~ Label ~ Type ~

OCT - DEC

Sprints 202...

b GDSA-1 PFLOTRAN Maintenance

b GDSA-12 Developments Supporting Existing GDSA conceptual models

> GDSA-40 PFLOTRAN short courses

v GDSA-260 Buffer ErosionfCanister Corrosion Model

GDSA-261 Python: Finding fracture intersections to ... IN PROGRESS
GDSA-262 PFLOTRAN: Implement virtual buffer erosion... BACKLOG

GDSA-263 PFLOTRAN: VBE-enhanced canister degrad... BACKLOG

b GDSA-301 Calculation Archive

v GDSA-303 GDSA QA

GDSA-237 set up Cl with oneAPI in Gitlab IN PROGRESS

GDSA-302 FY23 Task Scoping BACKLOG

.“- Give feedback =<: Share |'I'| Export =e-
Quick filters ~ 2= View settings
JAN - MAR '23 APR - JUN '23 JUL - SEP '23
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‘ Initialization

/

Execution |—-'
| A

‘ Finalization ‘

\

Process
Model
Couplers

/" Process Modeling: Process Model Coupling

- -
- -
- ~
-

Multiphase Flow

|

Transport

|

Waste Form/Package N

Isotope SPDI

- -
- —— -




P Process Modeling: Material Transformation

Material Transform Module

« Flexible implementation: can modify
flow properties (e.g., permeability), transport
properties (e.g., ky), or both

Multiphase Flow

|

—_——————— 1
Transpor —>l Material [
j I_ _ _Jransform _ _|
Waste —> Isotope SPDI
____form/Package |

Fraction of Smectite

1 - ———=
0.500-

[

— Analytical, Model 1
0.1007__prLoTRAN, Model 1

0.050“—Analytical, Model 2
—PFLOTRAN, Model 2

0.010+
0.005+

1074 10—3 10-2 10—1 10O 10!
Time [yr]




P Process Modeling: Multiple Continuum Transport

MULTICONTINUUM transport mode now
interfaces with the UFD Decay module

« This allows tracking radioactive decay and
ingrowth in both the primary (fracture) and
secondary (matrix) continua

le—7 ' : :
e —— No Decay 1000 d —— No Decay 1000 d '_ _
35¢ A e With Decay 1000 d 10779 N T e With Decay 1000 d v % ' : : _ ) oss g
i —— No Decay 5000 d —— No Decay 5000 d | 1 czeve
- 3-01 i With Decay 5000d | & | N, @ v With Decay 5000 d
= a = T o
§7°7 1 § 1070 Test case of matrix diffusion in
= | o '
£201 4 2 fractured crystalline rock for
o 9 %)
0] £ 107 DECOVALEX Task F
U 1.0
0.5 Nole et al.,, 2021
0.0 10—10_ '-.-‘.‘:::u.....
: ; H - ! ! 0.0 0.2 0.4 0.6 0.8 1.0
0 2 4 2 (m1 6 8 10 x.[m] | |
Concentration in Fracture Concentration in Matrix

Nole et al,, 2022 ﬂ



P Process Modeling: Fully-Coupled Solute Mass Balance

GENERAL mode optionally couples a mass
balance for a solute

» This should be used when the solute (e.g.,
salt) appreciably affects flow properties
(e.g., density) Flow and

Transport
* Primary variable switching in GENERAL p
mode allows for the option to allow for a
soluble matrix Fully implicit

flow

Salinity [mass fraction]

A fully implicit coupling can allow for
longer time stepping without inducing
oscillation




/" Software Performance
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High performance and scalability are foundational to
the design of PFLOTRAN

*  GDSA runs simulations with massive contrasts in
grid resolution, physical properties, and timescales
of interest

rd
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* Large thermal perturbations and pressure
gradients also contribute to a highly nonlinear
system of equations

 Efficient numerical solution techniques are
important for optimizing performance on these
types of problems

« PFLOTRAN now includes options for capillary
pressure curve smoothing at the unsaturated limit,
and new linear and nonlinear solver options for
multiphase flow

Park et al., 2021
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Software Performance: Nonlinear Solvers

7z
74 " New Trust Region-based Solver Options

« Newton-Trust Region-Dogleg-Cauchy (NTRDC)
CauchyS&D

- Demonstrated performance on large problems with strong AR descent)
nonlinearities, such as:
 Significant thermal input

« Competing forces driving phase changes like capillarity,
evaporation, condensation, and boiling

NTR HIl Computation Time Number of Time Ste N\ | Newton St
p Cuts . | Newton Step
VG E.xp<7200k ur:(nowns (144 Core—5)16k Categorized Reasons N " & Direction
6M
® o I
"]
" - 12k S
S 4.5M = @ : :
2 © £ 1.5K B Linear Solver Fail
© @ O — i
s o et — Max Nonlinear Iter
= 3M > - 8k 5 = 1K Nonphysical Soln
o c :; mmm TR Too Small
Q =
3 > 5
1.5M 4k =z 500
22.7 22.4 21.8
0 hours hours hours 0 0

o o o o o o

= = = = = £

o s ~ o N ™

Park et al., 202‘



P Conclusions

Recent software developments have significantly advanced the state of modeling capabilities
available in PFLOTRAN to geologic radioactive waste disposal modelers. Developments
presented here include:

« New Nonlinear Solvers

« Great for highly nonlinear, multiphase problems especially when paired with characteristic curve
smoothing options

« Material Transform module

* Model transient 0D material transformations that can affect flow and/or transport properties,
like k4 or permeability

« Multicontinuum Transport

- Efficiently represent fracture-matrix interaction as a dual porosity system, and now with support
for radionuclide SPDI

* Fully Implicit Solute

« Fully couple in a solute (e.g., salt) mass balance for systems where presence of a solute affects
flow properties like fluid density
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