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Presentation Topics
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• Transport needs for WIPP 
performance assessment

• PFLOTRAN’s Nuclear Waste 
Transport (NWT) Mode

• Process model coupling
• Governing equations
• Solution technique



Waste Isolation Pilot Plant (WIPP)
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Beauheim, Richard. (2007). Evolution of Hydraulic Testing 
at the Waste Isolation Pilot Plant. 

• The WIPP is the nation's only licensed deep 
geologic repository for defense-related 
transuranic waste

• Operated by U.S. Department of Energy (DOE)
• Long-term performance regulated by U.S. 

Environmental Protection Agency (EPA)



WIPP Performance Assessment 
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Long-term regulatory compliance is 
demonstrated via Performance Assessment 
(PA) undertaken by Sandia National 
Laboratories, Carlsbad. 

• Performance assessment (PA) calculations cover 24 
peer-reviewed conceptual models.

• PA computations include 10 principal codes and 
many utility codes. 

DOE is interested in reducing 
the number of principal codes 
to improve efficiencies for an 
asymmetric repository. 
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• PA calculations cover 24 peer-reviewed conceptual 
models.

• PA computations include 10 principal codes and 
many utility codes. Replacement by a single
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flow and transport
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Replacement by a single
simulator, PFLOTRAN

flow and transport

Radionuclide 
transport 
capability

PFLOTRAN
NWT Mode

Long-term regulatory compliance is 
demonstrated via Performance Assessment 
(PA) undertaken by Sandia National 
Laboratories, Carlsbad. 

DOE is interested in reducing 
the number of principal codes 
to improve efficiencies for an 
asymmetric repository. 
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• Petascale reactive multiphase flow and 
transport simulator

• Open source license (GNU LPGL-2.1)
• Object-oriented modern FORTRAN
• Founded upon well-known (supported) 

open source libraries:
• MPI, PETSc, HDF5, METIS/ParMETIS, 

CMAKE

• Demonstrated in high performance 
computing (massively parallel)

• Version control with regression testing 
and rigorous code reviews before new 
code is introduced

Open Source Repository (Bitbucket)



WIPP Performance Assessment Requirements
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Software quality assurance 
(QA) documents specify 
requirements for 
radionuclide transport 
calculations in WIPP PA.

As dictated by the CFR, per 
NQA-1,2,3.



WIPP Performance Assessment Requirements
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Advection of radioactive species in porous media without diffusion

Equilibrium chemistry with dissolution/precipitation 
based on solubility limits

Ability to handle completely dry conditions (no liquid)

Must run on a 3D grid in parallel

Conserves mass across material 
changes, accommodates borehole 
intrusion events, can handle check 
pointing and re-starts, keeps track of 
species fluxes across arbitrary 
boundaries, etc. . .  

WIPP-specific:

A short selection 
of the 
requirements.
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The total mass is always defined, even 
when the grid cell goes completely dry!
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Governing equations are solved using Newton-Krylov iteration.

residual of non-linear system linear system of equations, Ax=b 

Jacobian solution
update residual
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Governing equations are solved using Newton-Krylov iteration.

Convergence is declared
based on infinity norms of:

scaled residual

Jacobian solution
update residual

relative solution update

absolute residual
Tolerances can be
assigned to each 
species.



PFLOTRAN Nuclear Waste Transport (NWT) Mode
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Transport

WIPP Flow
replaces
BRAGFLO

replaces
NUTS

Flow & transport are 
sequentially coupled.
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Screened-in* vector tracer simulations for S2, S3, S4, S5 scenarios

Mean Releases:
PF:      1.477E+02 kg
NUTS: 1.608E+02 kg

Mean Releases:
PF:      4.376E+02 kg
NUTS: 4.627E+02 kg

Mean Releases:
PF:      1.817E+03 kg
NUTS: 2.036E+03 kg

Mean Releases:
PF:      1.715E+03 kg
NUTS: 1.934E+03 kg

Preliminary Conclusions:

• Larger relative differences are observed for vectors with small releases ( log(release) < 0 ).
• PFLOTRAN-NWT consistently calculates lower releases than NUTS (~ 10% less).
• Mean releases are comparable between two simulators.

* Vectors with release quantities above threshold cumulative amount (1.0e-7 kg).

Intrusion @ 350 yr, into pressurized brine Intrusion @ 1000 yr, into pressurized brine Intrusion @ 350 yr, misses pressurized brine Intrusion @ 1000 yr, misses pressurized brine
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A Next-Generation Transport 
Simulator for the Waste Isolation 
Pilot Plant (WIPP) Performance 
Assessment


