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PFL.OTRAN DEVELOPMENTS

* Code enhancements

= Multiphase solution controls (convergence) — Michael N.

1F97 EOS — Michael N.

* Relative to IFC67, smoother, cheaper and valid for a larger range of
temperature and pressure

Linear!/nonlinear solvers — Heeho
* CPR (constrained pressure-residual)-based solvers!

* Line search and trust region algorithms to improve convergence

NW-transport! — Jenn
* Chemistry that accommodates dry grid cells

* Decay and ingrowth 1in all phases

Short courses: Vanderbilt, CSIRO?, IHLRWM, Uni Bern

LWIPP-sponsored

2 Sandia-sponsored
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PFLOTRAN DEVELOPMENTS (CONT.)

* Quality Assurance (QA)
= Streamlined updating of PFLOTRAN documentation
= Initiated QA documentation
= Refactoring automated QA testing framework
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PFLOTRAN’S CLOUD-BASED CONTINUOUS INTEGRATION

o Bitbucket

bitbucket.org/pflotran/pflotran-qa
bitbucket.org/pflotran/pflotran-documentation ( !T!)
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~300 Regression and 60 Unit Tests

©) GitHub

/ Unlimited builds

pflotran.org

I doc-dev.pflotran.org I Z
@ CODESHIPY
by CloudBees

codecov. io/gh/pflotran/pflotran/tree/master/src/pflotran

PFLOTRAN e ; C o) d ecov
pp.codeship.com/projects/316609

PFLOTRAN QA Test Suite

PFI:O'IiRAN Pﬂﬂm N

Limit of 100 builds per month

Hammond and Bisht, 2019

2019 Spent Fuel & Waste Disposition A [ Working Group Meet,
PR A8 SRR SR IR B 4 https://doi.org/10.6084/m9.figshare.7761950.v1



SOFTWARE QUALITY ASSURANCE PLAN

DOE Order 414.1D

Software Quality Assurance Plan

Requirements Document

ASME Nuclear Quality Assurance-1 (NQA-1)

Verification and Validation Document

Sandia Software Quality Assurance Program
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Theory Document

Implementation Document

User (Manual) Document

Configuration Management Document




NQA-1, DO

5 O 414.1D AND SSQAP

Quality Assurance
Requirements for
Nuclear Facility
Applications

AN AMERICAN NATIONAL STANDARD

|’ Copynight © 2015 iy the Amenican Sociery of Mechanical Engineens @j
\_ 0 reproduction may be made of this muterial without writen comsest of ASME 0¥ )

U.S. Department of Energy

ORDER

DOE O 414.1D

Approved: 4-25-2011

Washington, D.C.

SUBJECT: QUALITY ASSURANCE

316 pages

a To ensure that Department of Energy (DOE), including National Nuclear Security
Administration (NNSA), products and services meet or exceed customers’
requirements and expectations.

b Toachieve quality for all work based upon the following principles

m All work, as defined in this Order, is conducted through an integrated and
effective management system;

(2)  Management support for planning. organization, resources, direction, and
control is essential to quality assurance (QA):

(3)  Performance and quality improvement require thorough, rigorous

and effective actions;

(4)  All personnel are responsible for achieving and maintaining quality; and

(5)  Risks and adverse mission impacts associated with work processes are
minimized while maximizing reliability and performance of work
products.

[ To establish addi Ip pecific quality 10 be
under a Quality Assurance Program (QAP) for the control of suspect/counterfeit
items (S/Cls), and nuclear safety software as defined in this Order.

CANCELLATION. DOE O 414.1C, Quality Assurance, dated 6-17-05.

Cancellation of a directive does not, by itself, modify or otherwise affect any contractual
or regulatory obligation to comply with the directive. Contractor Requirements
Documents (CRDs) that have been incorporated into a contract remain in effect
throughout the term of the contract unless and until the contract or regulatory
commitment is modified to either eliminate requirements that are no longer applicable or
substitute a new set of requirements.

APPLICABILITY.

a Departmental Applicability. Except for the equivalencies and exemptions in
paragraph 3.c., this Order applies to all Departmental elements, including those

INITIATED BY:
Office of Health, Safety and Security

AVAILABLE ONLINE AT:
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SANDIA SOFTWARE QUALITY ASSURANCE PROGRAM

Graded Risk Level and Associated SSQAP Recommended Practice Level

Likelihood Tier

Undesirable event due
to software failure

Graded Risk Level (RL)
Associated SSQAP Recommended Practice Level (PL)
Consequence Tier
Undesirable Event
Cc4 c3 C2 C1 co
(Catastrophic) (Severe) (Moderate) (Low) (Negligible)

L4
(Very High)

L3
(High)

L2
(Moderate)

L1
Low)

Lo
(Negligible)

Legend:

RL values: N = negligible, L = low, M = moderate, H = high, VH = very high
PL values: PO, P1, P2, P3, and P4 are defined in the Guidance to SSQAP Practice Levels. Practice activities related to these practice
levels are provided in Table 3-3.
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SANDIA SOFTWARE QUALITY ASSURANCE PROGRAM

Table C-3. Practice Activities Based Upon Recommended PL Tier Table C-6. Developed Software Level of Formality
Prncns Axoies anul Practice Activities 'Based upon. Process Areas and Developed Software
) Recommended Practice Level Tier Global Practices Level of Formality
Global Practices
PO~ P1 P2 P3 P4 PO~ P1 P2 P3 P4
Project Planning [PP] X X X X X Project Planning [PP] L M M H H
Project Monitoring and Control [PO] X p 4 X Project Monitoring and Control [PO] L M M H H
Risk Management [RK] X X X > 4 X Risk Management [RK] L M M H H
Requirements Management [RM] X X X b X Requirements Management [RM] L M M H H
Requirements Development [RD] x X X X X Requirements Development [RD] L M M H H
Technical Solution [TS] X X X X Technical Solution [TS] L M M H H
Verification [VE] X X X X X Verification [VE] L M M H H
Validation [VA] X X X Validation [VA] L E M H H
Deployment [DE] X > = Deployment [DE] L M M H H
Life Cycle Support [LS] X X X Life Cycle Support [LS] L M M H H
Configuration Management [CM] X X X X X Configuration Management [CM] L M M H H
Measurement & Analysis [MA] X X X Measurement & Analysis [MA] L M M H H
Product Imsegration [P1) X X X Product Integration [PI] L M M H H
Integrated Teanung [IT] E L M H H
Degoed Traming U111 - o Stakeholder Involvement [SI] L M H H
Stakeholder Involvement [SI] X X X Collecting Improvement
Collecting Improvement x X Information [CT] L L M H H
Information [CI] Objective Evaluation [OE] L T M H H
Objective Evaluation [OE] X X Quantitative Objectives [QO] B L M H H
Quantitative Objectives [QO] X X Training [TR] T M M H H
Traming [TR] X X X X Problem Reporting and Corrective L M M H -
Problem Reporting and Corrective X x X Actions[PR]
Actions[PR] Legend:
X — Suggested Practice Activities L: Low formality guidelines for overall practice level and/or individual practice
D - Exasting Practice Activities activities
*P0 are “recommended” practices from SSQAP Table 3-3 M: Medium formality guidelines for overall practice level and/or individual practice
activities
H: High formality guidelines for overall practice level and/or individual practice
activities
D - Existing Practice Activities*P0 are “recommended " practices from SSQAP Table 3-3
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QA DOCUMENTATION

Software Quality Assurance Plan
Requirements Document

Verification and Validation Document

Theory Document

Implementation Document

User (Manual) Document

Configuration Management Document
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Nearly Complete

In Progress

Nonexistent




QA TEST SUITE REFACTOR

* Challenge: Sequential
implementation of
current test suite 1s
difficult to maintain

* Solution:

e Refactor test suite into
an object oriented stack
of tests

. Leverage proven
approach n regression
testing sulte

2019 Spent Fuel & Waste Disposition Annual Working Group Meeting

Jenn Frederick et al.

PFLOTRAN QA Test Suite

« Intro to PFLOTRAN’s QA Test Suite
o How To Run The Test Suite
o Inside The run_qa_tests.sh Script
o Python Helper Functions
o QA Tests Report Card
« Thermal QA Tests
o Steady Thermal Conduction
o Transient Thermal Conduction
« Flow QA Tests
¢ Steady Flow (Pressure)
o Transient Flow (Pressure)
« Gas QA Tests
o Steady Gas (Pressure)
« Transport QA Tests
o Steady Transport
o Transient Transport

10



OBJECT-ORIENTED QA TESTING FRAMEWORK

* Tests are managed by an outer test manager class.
* Separate driver interfaces control each simulator.

* Test classes are extensions of a base class written in

python.

° Hach test 1s generated from a configuration file with
simulator-specific templates and a shared dictionary of
parameters that feed into the templates.

* Solutions are compared qualitatively (plotting) and
quantitively (absolute and relative error metrics).
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OBJECT-ORIENTED QA TEST SUITE

Test 1

Test 2

Analytical Soln. A

Kolditz_ 2 2 10

Simulator B

Compare
Solutions

Test N

=

Simulator Z
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VERIFICATION AGAINST ALTERNATE SIMULATORS

Concentration Profile for Solute Advection with No Diffusion

Anticipated numerical
error based on the

numerical method
employed

Analytical Soln. A

SimulatorB

PFLOTRAN

Concentration

Distance
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BRAGFILO TEST CASE #2 & #3
HORIZONTAIL ONE-DIMENSIONAL INFILTRATION

1.0

e e 864.0 s (Analytic)
— 864.0 s (PFLOTRAN)

--- 864.0 s (BRAGFLO)
il * *x 864.0 s (TOUGH?2)

® @ 5184.0s

® @ 9504.0s

— Analytic +/-10%
0.8

Water Saturation
o
~

o
o

0.5}

0.00 0.05 0.10 0.15 0.20
distance (m)
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MOMAS BENCHM ARK Carrayrou et al., 2010

Inflow &
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Concentration [M]

0.1
Z Heeho Park
DutFlow
Bidentate
le-8 . C1l at Time: 100 yr '
— PFLOTRAN
== CRUNCHFLOW
Medium A

Medium B

8.0 0.5 1.0 15 2.0
Distance [m]

PFLOTRANs surface site density considers bulk

instead of pore volume requiring porosity dependent

log Kegs, which are not implemented in PFLOTRAN.



EXAMPLE CRUNCHFLOW AND PFLLOTRAN
TEMPLATE FILES

PFLOTRAN
GRID
TYPE structured
NXYZ swap{nx,300} 1 1
DXYZ
swap{nx1,100}@swap{dx1,0.01} swap{nx2,100}@swap{dx2,0.001} \
swap{nx3,100}@swap{dx3,0.01}
0.4
0.6

Heeho Park

CrunchFlow

DISCRETIZATION

space_units meters

xzones swap{nx1l,100} swap{dx1,0.01} swap{nx2,100} swap{dx2,0.001} \
swap{nx3,100} swap{dx3,0.01}

END
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