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Presentation Topics

» Transport needs for WIPP
performance assessment

 PFLOTRAN's Nuclear Waste
Transport (NWT) Mode

* Process model coupling
* Governing equations
 Solution technique
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7/~ Waste Isolation Pilot Plant (WIPP) . The WIPP is the nation's only licensed deep

74 geologic repository for defense-related
| transuranic waste

/ « Operated by U.S. Department of Energy (DOE)
N « Long-term performance regulated by U.S.
j Environmental Protection Agency (EPA)
New Mexico

,’/ 2,150 feet deep
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Carlsbad.,_.1~

LY
LY
-
(Y
'y

WIPP

(Waste Isolation Pilot Plant) \\\

Beauheim, Richard. (2007). Evolution of Hydraulic Testing 0 10 20 km
at the Waste Isolation Pilot Plant.
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/4 WIPP Performance Assessment . Long-term regulatory compliance is
. demonstrated via Performance Assessment
/4 ' (PA) undertaken by Sandia National

/ ' Laboratories, Carlsbad.

* Performance assessment (PA) calculations cover 24

peer-reviewed conceptual models.
> Shafts

« PA computations include 10 principal codes and Operations Area
many utility codes.

Waste Panels
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/" WIPP Performance Assessment

« PA calculations cover 24 peer-reviewed conceptual

models.

« PA computations include 10 principal codes and

many utility codes.

et i e
|
|
|

Long-term regulatory compliance is
. demonstrated via Performance Assessment
' (PA) undertaken by Sandia National
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Replacement by a single
simulator, PFLOTRAN
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/" WIPP Performance Assessment Long-term regulatory compliance is

demonstrated via Performance Assessment

e (PA) undertaken by Sandia National
T N (/ ) ' Laboratories, Carlsbad.
d { Radionuclide | ; PFLOTRAN i e
i transport | — | NWT Mode |
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Replacement by a single
simulator, PFLOTRAN
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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
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/7 WIPP Performance Assessment Requirements

FFLOTRAN Version 3.0.1

WIFF PA

Reguiremenis Document

Tor

Diarcy's law and liguid and gas equatsons of staie. PFL
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tlozure af the reposstary; and gas gensraton and broe|
iran, biedegradation of waste ¢ Blgl

Rl

B2

R3

ra

AL

radinhyiis of water dee to sudisestive decay we fully &
2.0 REQUIREMENTS

2.1 Functional Requirements

The functional requrements for simmlatng cwo-phase

1101 are listed beborw

201 INPUT AND QUTPUT

2.1.2 FINITE ¥OILUME QRID

A iy
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camzols, and solution ostpet formar from 2
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Sheell velume
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varatien at all grid cell: in the medel Somy

FFLOTEAN cominets & Gnile veluse dy
woduines, cell amerface aweds, amd becanioas

bwg mpuRs

L} grid dimeisiods and spaciig o thiee dintessioas (& srucneed gralc or
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each cell o the gnd {an mplicit snstructoeed grd)
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214 TWO-PHASE IMk)
B0 FFLOTRAM ausf
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P e
E.1l FFLOTRAM cald
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14 PROCESS MODEY
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E.16

ERMES 57059

FFLOTEAMN amutyies the evolution of porosiy due io salk creep m saer-specified
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215 OQAE AND LIQUID SCURCEISINK TERMS

E.18

FFLOTEAN smuiyies three prmary gas-producing reactions
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1) sulfidation of won;
3 hydnacien of Mal ugder
[a) iundabed and
) homud condatare:;
45 earbamation of MpD);
5) corborunion of Myl 0H]; and
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mput to FFLOTRAN. Stoichoometnic coetficients for =ach reaction are specified as
mput tn FFLOTRAM
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Software quality assurance
(QA) documents specity
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radionuclide transport
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NQA-1,2,3.




/7 WIPP Performance Assessment Requirements
/

/" +—— Advection of radioactive species in porous media without diffusion

¢——= Equilibrium chemistry with dissolution/precipitation |
quilibrium chemistry with dissolution/precipitatio A short selection

| I|I |l .
based on so Ubl lty mi / Ofthe
f eqU“ ements.

?—* Ability to handle completely dry conditions (no liquid)

$—= Must run on a 3D grid in parallel

WIPP-specific:
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. . .




/" PFLOTRAN Nuclear Waste Transport (NWT) Mode
4

/ Governing equation formulated in terms of total mass, M.
>
Ng ‘Q\@@
total mass N Q@O
]\JJ:-'qf — ]A + ]\ijD sources/sink

N\ N

%ZC{(MJ{I) + V- Za(uaM}Fr) — ZH(Q';'I) _I_ZQ(RJ?)

fluid velocity decay/ingrowth
@ phase (aqueous, precipitated)

J species (radionuclide, tracer, etc.)
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/" PFLOTRAN Nuclear Waste Transport (NWT) Mode

Governing equation formulated in terms of total mass, M.
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Jm— . partitioning

‘ determined by
agueous \ solubility limit
e i (calc'd by PANEL)

precipitated
mass
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/" PFLOTRAN Nuclear Waste Transport (NWT) Mode

4 Governing equation formulated in terms of total mass, M.
@6
total mass < R equilibrium chemistry

% )

_ A P
M;* = M{ + M;

The total mass is always defined, even
when the grid cell goes completely dry!
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/" PFLOTRAN Nuclear Waste Transport (NWT) Mode
4

/ Governing equation formulated in terms of total mass, M.
>
Ng ‘Q\@@
total mass N Q@O
]\JJ:-'qf — ]A + ]\ijD sources/sink

N\ N

%ZC{(MJ{I) + V- Za(uaM}Fr) — ZH(Q';'I) _I_ZQ(RJ?)

fluid velocity decay/ingrowth
@ phase (aqueous, precipitated)

J species (radionuclide, tracer, etc.)




/" PFLOTRAN Nuclear Waste Transport (NWT) Mode
’

/ Governing equation formulated in terms of total mass, M.

Bateman equation

pe = 20— ) M 44 Me
J ot 177 p \'p
t *
paren 4 ZH(R;I)
A radioactive decay constant /
decay/ingrowth

@ phase (aqueous, precipitated)

J species (radionuclide, tracer, etc.)




/" PFLOTRAN Nuclear Waste Transport (NWT) Mode
4

/ Governing equations are solved using Newton-Krylov iteration.

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

fixy, %2, s X)) =
a,t+1\ :> ok ok "
J

Jacobian solution
1 update residual
BR-(M‘?E’HI) .
n A ( cr,t+1) . ( cr,t+1)

J=1 oM




/" PFLOTRAN Nuclear Waste Transport (NWT) Mode
’

rd

/ Governing equations are solved using Newton-Krylov iteration.
(i) |
=~ SCaled residual
/ (Za(5)v)  Tolerances can be |
i I
Convergence is declared

|
|
o o R(M**')  absolute residual | assigned to each |
|
|

based on infinity norms of: \  pecies
SMEHLM%E rolative solution update

j ;" relative solution update

Jacobian solution
1 update residual
BR-(M‘?E’HI) .
n A ( cr,t+1) . ( cr,t+1)

j=1 a
GMJ




PFLOTRAN Nuclear Waste Transport (NWT) Mode
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Initial Results: Comparison of NUTS & PFLOTRAN-NWT Mode

Screened-in* vector tracer simulations for S2, S3, S4, S5 scenarios

Intrusion @ 1000 yr, misses pressurized brine

7
/

rd

Intrusion @ 350 yr, misses pressurized brine

‘4

Intrusion @ 350 yr, into pressurized brine Intrusion @ 1000 yr, into pressurized brine
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Log[Release(NUTS)] Log[Release(NUTS)] Log[Release(NUTS)] Log[Release(NUTS)]
Mean Releases: Mean Releases: Mean Releases: Mean Releases:
PF: 1.715E+03 kg PF: 1.817E+03 kg PF.  4.376E+02 kg PF. 1.477E+02 kg

NUTS: 1.934E+03 kg NUTS: 2.036E+03 kg NUTS: 4.627E+02 kg NUTS: 1.608E+02 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. P -
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* Vectors with release quantities above threshold cumulative amount (1.0e-7 kg). ki h“:":mm sor | lomyen
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CONCLUSIONS
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