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Fuel PFLOTRAN: Options for Coupling
Disposition

B Direct integration as a constitutive model or parameterization

— Implement constitutive model within a new Fortran class within
PFLOTRAN

B Direct integration as a process model
— Develop a new PFLOTRAN process model class

XXXRead() XXXUpdateTimestep()
XXXlnitialize() XXXUpdateSolution()
XXXResidual() XXXCheckpoint / XXXRestart()
XXXJacobian() XXXDestroy()

B Coupling to externally simulated process model

— Develop wrapper in PFLOTRAN for external process model library
— E.g. Fuel Matrix Degradation Model (ANL/PNNL)

June 10, 2015
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Fuel PFLOTRAN Workflow (2013)
Disposition

I Initialization I

!

—>| Timestepping I

| Reactive Transport I

Done?

v
| Finalization |
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Fuel PFLOTRAN Workflow (2015)
Disposition

I Initialization I
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| Finalization |
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Fuel PFLOTRAN Process Model Couplers (PMCs)
Disposition

B A process model coupler:

— Advances a process model to a predefined point in time
* Process model:
— Multiphase flow
— Geomechanics
— Reactive transport
* Numerical methods
— Time integrator
— Solvers
— Links or couples a process model to other process models
* Relationships
— Parent-Child
— Peer
« Handles transfer of data between process models
— flow — water density/saturation — reactive transport

June 10, 2015 5
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Fuel PFLOTRAN Process Model Couplers (PMCs)
Disposition

Process Model Coupler

Process Model Numerical Methods

Multiphase Flow Time Integrator —> Peer

Newton Solver .
sync-point
Linear Solver ( y ¥ )

Child
(catch-up)

June 10, 2015 6
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Fuel PFLOTRAN PMC Concept
Disposition

June 10, 2015
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Fuel Hypothetical PMC Hierarchy
Disposition

PMC A

PMC B

PMC C

June 10, 2015
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Elijseilosmon Hypothetical PMC Hierarchy
PMC A
v
PMCB = PMCM = PMCY
v v

PMC C PMC Z
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PFLOTRAN Workflow (2015)
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PFLOTRAN-FMDM Workflow

June 10, 2015
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PFLOTRAN-FMDM Pseudocode

Disposition

June 10, 2015

Fuel Matrix
PFLOTRAN Degradation Model
FMDM Process Model
Wrapper
Read (FMDM) Block
Set Up Infrastructure 1 _ _ _ _____._
Initialize Waste Forms | AMP_Step(...) !

For Each Time Step
 For Each Waste Form
» Solve Waste Form
« Update Source Terms
Destroy Waste Forms

12
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KEY POINT 1) Why is THC simulation
iImportant to a GDSA-PA in salt ?

Understand coupled THC processes:

Support field thermal testing designs

Discover issues before going underground

Build confidence in a generic safety case

UNCLASSIFIED %17 Slide 2

s Los Alamos

Op d by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA





Evidence to support THC
experiment-model-PA integration

Short term evolution of water in backfill

Strong feedback of water on consolidation

Dehydration of ubiquitous impurities

Generation of acid vapors (HCI)

UNCLASSIFIED






Example Scenario

DOE builds a complex URL
THC processes cause problems with
Instrumentation
Air quality
Predictions

Net result is loss of confidence by
stakeholders

UNCLASSIFIED

Op






KEY POINT 2) How to couple THC results
to the GDSA-PA framework ?

Two logical paths forward

Generate stochastic initial conditions for
deformation codes

Build FEHM capabillities into PFLOTRAN
and explicitly model THC processes In
the PA

UNCLASSIFIED






Recent key additions to FEHM capabilities include:
New Salt Controller to decouple individual processes

Hydrous mineral dehydration as a function of temperature

New relative humidity boundary condition allows more realistic evaporation

The ability to run simulations with combinations of vapor pressure lowering as
functions of both salt concentrations and capillary pressure

Isotopic fractionation capability with salt vapor pressure functions

Improved numerical performance with temporal averaging of porosities and
permeabilities.

New vapor pressure/temperature initialization scheme

All code changes now added to FEHM V3.2 with verification test problems

UNCLASSIFIED
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Used Fuel Disposition Campaign

BBM/BEXM/TOUGH-FLAC model - clay

TOUGH-FLAC provides a model framework for modeling coupled THM
processes in the EBS and host rock and their interactions using
state-of-the-art macroscopic constitutive models for bentonite, crushed
rock salt backfill, clay, salt and crystalline host rocks

Jonny Rutqgvist
Lawrence Berkeley National Laboratory

UFD WG Meeting in Las Vegas
Model Integration Session
June 10, 2015
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Fuel TOUGH-FLAC with BBM and BExM

Disposition

TOUGH-FLAC 1) Barcelona Basic Model (BBM)
A constitutive model for thermo-elasto-plastic
TOUGH - . . .
N behavior of unsaturated soils (bentonite)

Hydraulic

P:?:T,::s 1 Deviatoric

o (shear) stress

~ Cam-clay yield
Mechanical surface (fully Drying >
Propertics fluid saturated)
K,G,C, u /}
Vs d ‘,..'-"'..-M
FLAC3D —ar
M
—- Direct couplings w3 35")
- — Indirect coupling T = Temperature &QQP‘, {}e‘;’ P €8=const
. N3
C = Cohesion & ==S1t-:]a|n | strai d‘z‘,‘ie,‘;’q; @, 9)
G = Shear modulus er = Ihermal strain 2 = : -
K = Bulk modulus sew = Swelling strain $ Bentonite block stored at different
k = Infrinsic permeability $= E;IOt's Ptarameter relative humidity (Teodori et al 2011)
Py=P f ph = Porosity : ; ;
PLC:;E: ;rezsifzﬁ 1 = Coefficient of fiction ® Shear strength and stiffness depends on saturation ( or suction)
Sy = Saturation of phase p || o = Stress ) . . .
' ® Wetting-induced swelling or collapse strains

Clay aggregates

2) Barcelona Expansive Model (BExM) A=
W\

(I
)

® Provides a link for coupling mechanics with chemistry Macrostructure Microstructure

Micropores between
clay particles

® Micro- and macro-structure

® Proper modeling of fluid flow through macro pores and
their changes with stress and saturation

June 10, 2015 UFD WG Meeting in Las Vegas 2
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Fuel TOUGH-FLAC with BBM and BExM

Disposition

Affect on repository performance:

Coupled THM processes are relatively short-lived from safety assessment
perspective, but could potentially give rise to permanent changes, such as
formation of a damaged zone around excavations that could provide a path for
transport of radionuclides if released from a waste package.

SHORT TERM THM PROCESSES LONG TERM IMPACT?
(0 to 1000 years) (10,000 to 100,000 years)
Wetting and Thermal Temperature close Restored hydrostatic
swelling of _ _ stress to ambient fluid pressure

N Remaining 4
NN : “permanent” <\ ). Saturated with a
\ Stress-induced changes in rock // N
| fracture opening properties (e.g. /

Infiltration of
water from rock
to bentonite

bentonite ~o J— N
s - /L X ¢

i of = 5 MPa

1

! or closure with irreversible

1 , associated fracture shear)?\ |
Vapor flow along v permeability
thermal gradient change Excavation

away from he Disturbed

at
A Y -
source / _ Heating of bentonite 2T ZRT)
Drying and - -~

shrinkage

_Sealing of
,,,,,,,,,, —" fracture?
Sealing al

bentonite-rock

interface?

The mechanical evolution and swelling of the protective buffer are imperative to
its functions, such as to provide long-term mechanical support to seal the excavation
damage zone and to prevent further damage during the thermal peak.

At the same time, the mechanical evolution of the buffer is governed by complex
coupled interactions with temperature and hydraulics, between micro and macro
clay structures, as well as with the host rock
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Fuel TOUGH-FLAC with BBM and BExM

Disposition

Associated FEPS:

The most closely associated FEP is 2.1.04.01 (see below - from the UFD Roadmap
spreadsheet/tables). Related FEPs are Flow Through the EBS (2.1.08.01), 2.1.08.03 (Flow through
Backfill), 2.1.08.06 (Alteration and Evolution of EBS Flow Pathways), 2.1.08.09 (Influx/Seepage Into
the EBS), Open Boreholes (1.1.01.01), Thermal Effects on Flow in EBS (2.1.11.10), ), 2.2.01.01
(Evolution of EDZ) , Flow Through Host Rock (2.2.08.01), Effects of Excavation on Flow (2.2.08.04),
Mechanical Effects from Preclosure Operations (1.01.02.02), Degradation of Liner/Rock Reinforcement
Materials in EBS (2.1.06.01), Heat Generation in EBS (2.1.11.01), Effects of Backfill on EBS Thermal
Environment (2.1.11.03), Effects of Drift Collapse on EBS Thermal Environment (2.1.11.04), Effects of
Influx (Seepage) on Thermal Environment (2.1.11.05), Thermal-Mechanical Effects on Backfill
(2.1.11.08), Thermally-Driven Buoyant Flow / Heat Pipes in EBS (2.1.11.12), Effects of Gas on Flow
Through the EBS (2.1.12.02), Gas Transport in EBS (2.1.12.03), Thermal-Mechanical Effects on
Geosphere (2.2.11.06),

UFD FEP ID UFD FEP Title Process/Issue Description

Backfill/Buffer 2.1.04.01 Evolution and degradation of backfill/buffer - Alteration
- Thermal expansion / Degradation
- Swelling/Compaction
- Erosion/Dissolution
- Evolution of backfill flow pathways
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Fuel TOUGH-FLAC with BBM and BExM
Disposition
Example of calculated permeability evolution in the buffer:
10—19
- —DSM
10-20 --BBM V4 ee—- - TEmET
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Date Presentation or Meeting Title
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Fuel TOUGH-FLAC with BBM and BExM

Disposition

State of the art:

« BBM is well established and tested for the modeling of unsaturated-saturated soils,
including bentonite

* The input parameters for different types of bentonite (e.g. compacted bentonite blocks,
pellets, sand-bentonite mixtures) are being established through laboratory experiments
and large scale field experiments.

« BEXM can in addition to BBM be used for modeling the underlying dual-structural
behavior, which is important to consider in swelling clay for accurate and
mechanistically correct modeling of the resaturation, swelling, and permeability
evolution of the buffer.

« BEXxM and dual-structural models is at the forefront of research and further
testing, validations against experiments and applications are needed to gain
experience and confidence in using such advanced model (only one other code
(CodeBright, has such a model)

» The dual-structure model (BExM) can also provide the necessary link between
mechanical and chemical processes (See Liange Zhen, TOUGHREACT-FLAC)

Date Presentation or Meeting Title 6





Used
Fuel TOUGH-FLAC with BBM and BExM

Disposition

Date

Coupling to the PA model:

The TOUGH-FLAC with BBM and BExM constitutive THM models provides a tool for
calculating the evolution of the EBS and the host rock, including the disturbed rock
zone (DRZ) from just after emplacement to over 100,000 years.

The analysis for coupling to the PA model might be conducted in a 2D cross-section
of one emplacement drift or alternative a 3D model focused on the near field of an
emplacement tunnel or a few emplacement tunnels in different parts of a
repository and for different FEPs such as nominal case or such as for cases of
extensive gas generation.

The input required is the geometry, heat source, THM properties of buffer and host
rock, initial THM conditions (such as in situ stress).

The output to the PA model would be the changes in flow properties (e.g. permeability
and porosity) in the EBS and near-field including the buffer and DRZ and also to inform
PA related to local flow created by coupled THM processes.

To develop reduced order models for PA

Presentation or Meeting Title 7





Used
Fuel TOUGH-FLAC with BBM and BExM

Disposition

Date

When ready for integration?

2D analysis over 100,000 year has been demonstrated and could provide output to PA
today for currently implemented constitutive models

3D has also been demonstrated associated with modeling of large-scale field tests over
tens of years and could be extended to 100,000 years if considering multiple tunnels in
parts of a repository

For any site, there will be a need to develop and study rock behavior in situ, such as the
evolution of DRZ which will depend on the rock type and site specific properties. An
appropriate model for the evolution of the DRZ properties should be developed,
calibrated, and validated against such in situ experiments (i.e. drift scale test and niche
excavation experiments at Yucca Mountain)

For larger models including 3D of multiple emplacement tunnels and shafts to be
included in this kind of THM model, more efficient calculations would be necessary,
which could be solved with future porting of TOUGH-FLAC for high performance
computing. Such porting of the FLAC3D code planned to be conducted within the next
few years.

Presentation or Meeting Title 8
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TOUGH-FLAC with BBM and BExXM

Example: A repository in welded tuff

(Rutgvist and Tsang, 2003)

1) Model Calibration

2) Predictions of THM Behavior

Example Granitic Rock using URL (Canada) data

(Rutqgvist et al. 2009)

1 Model Calibration 2 Predict long term THM

Niche Tests  Drift Scale Test J :
(Excavation) THMC Middle non- i 1
i "'"": cTTTTTTTTTTA 1 lithophysal unit; ! 20
. ! ] I (Tptpmn) i 1
1 fi0 Q | 1 H 701y
] ! 1 ] I &
[ — Isssessssanms- 1 ] i e
) 1 1 -
Niche Test _> :‘:}"‘;‘;’I :::::;" E ::lodnl::: §' 2000
(Excavation) 1 iboundary 20
Tptpll R
: _______ : (Tptplly : : i ::: TIME (vears)
! i Emplacement ! g
1 3200 F
: : drift ~h : : ; 30
bmmmee- ' ; : L
: : |D‘ 10 10 100 10 10
: J| TIME AFTER EMPLACEMENT (Years)
T Excavation At 1000 years
@ ) p:rTl:\!I‘aahllw (m 2)
200 - : k, (t=1,000 Years) le-21 l@ ?l
| k; (t=10)
Reduction in
100 r permeability i
— 0 :_ 77777777777 Repository level ;
é o
N
-100 - Initial permeability at
Plariil i
3 ¢ =5 a, Stress -200 :‘
Niches | Drift Seale Test i
A -
VERTICAL PERMEABILITY, k; (m?) 1e=13 le 13
Evolution of permeability to PA model Evolution of permeability to PA model
Date Presentation or Meeting Title 9
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Used Fuel Disposition Campaign

Salt Coupled THM Processes — TOUGH-FLAC

TOUGH-FLAC provides a model framework for modeling coupled THM
processes in the EBS and host rock and their interactions using
state-of-the-art macroscopic constitutive models for bentonite, crushed
rock salt backfill, clay, salt and crystalline host rocks

Jonny Rutqgvist
Lawrence Berkeley National Laboratory

UFD WG Meeting in Las Vegas
Model Integration Session
June 10, 2015
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Fuel Salt Coupled THM Processes — TOUGH-FLAC
Disposition
Legend
Flow problem TOUGH2 (TH)
is solved first T: temperature

(fixed-stress split
method)

k, 4, P, Pg: phase pressure
mesh update  Sp: phase saturation
. Biot coefficient
P: pore pressure
a7 linear thermal expansion coeff.
K: bulk modulus
g, & - fluid densit

oAF, 3arK AT, py mesh update i stress g
New capability & strain
for large strains k: permeability
FLAC® (M) ¢: porosity
P_ : capillary pressure

T, Pg, Sg

» Lux/Wolters solid salt constitutive model (creep, TM damage-induced permeability
(D2), high pressure fluid filtration, sealing, heating)

» Crushed salt constitutive model (THM properties as a function of compaction and
solidification)

» Large-strain and deformable mesh

» Brine migration, evaporation, condensation, salt precipitation etc. (THMC)
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Disposition

Associated FEPS:

The most closely associated FEP is 2.1.01.01 (see below - from the UFD Roadmap
spreadsheet/tables). Related FEPs are Flow Through the EBS (2.1.08.01), 2.1.08.03 (Flow through
Backfill), 2.1.08.06 (Alteration and Evolution of EBS Flow Pathways), 2.1.08.09 (Influx/Seepage
Into the EBS), Open Boreholes (1.1.01.01), Thermal Effects on Flow in EBS (2.1.11.10), 2.2.01.01
(Evolution of EDZ) , Flow Through Host Rock (2.2.08.01), Effects of Excavation on Flow (2.2.08.04),
Mechanical Effects from Preclosure Operations (1.01.02.02), Heat Generation in EBS (2.1.11.01),
Effects of Backfil on EBS Thermal Environment (2.1.11.03), Effects of Drift Collapse on EBS
Thermal Environment (2.1.11.04), Effects of Influx (Seepage) on Thermal Environment (2.1.11.05),
Thermal-Mechanical Effects on Backfill (2.1.11.08), Thermally-Driven Buoyant Flow / Heat Pipes in
EBS (2.1.11.12), Effects of Gas on Flow Through the EBS (2.1.12.02), Gas Transport in EBS
(2.1.12.03), Thermal-Mechanical Effects on Geosphere (2.2.11.06)

UFD FEP UFD FEP Title Process/Issue Description

ID
Natural System - 2.2.01.01 Evolution of EDZ - Lateral extent, heterogeneities
Geosphere - Physical properties

- Flow pathways

- Chemical characteristics of groundwater in EDZ
- Radionuclide speciation and solubility in EDZ

- Thermal-mechanical effects

- Thermal-chemical alteration

Date Presentation or Meeting Title 3
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Fuel Salt Coupled THM Processes — TOUGH-FLAC
Disposition

Affect on repository performance:

Coupled THM processes are relatively short-lived from safety assessment
perspective, but could potentially give rise to permanent changes, such as
formation of a damaged zone around excavations that could provide a path for
transport of radionuclides if released from a waste package.

As for the natural salt, it is well known that its initial tightness could be affected by
processes that take place at different stages during the lifetime of a repository.

1) Development of an excavation damaged zone (EDZ) around the mined openings
represents a potential risk because preferential flow pathways could be created.

2) A pore pressure-driven percolation process (fluid infiltration) can take place if the
pore pressure locally exceeds the minimum compressive principal stress.

These perturbations, however, are generally not persistent in a plastic medium such
as rock salt. Once the stress regime becomes favorable, healing takes place. Healing
processes consist in the development of cohesion between former crack planes (in
extension of pore space closure).
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Salt Coupled THM Processes — TOUGH-FLAC

Example THM induced flow in the near field:

Confining layer

T 7 7
Natural salt host rock
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j ®
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i I
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: : i = Backfill at floor
0.25 -\ 4 Nei- —— Rock salt at sidewall
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Disposition

State of the art:

« Damage, healing and percolation processes within natural salt have been thoroughly
studied at the laboratory scale and have been included in advanced, validated
constitutive relationships. Damage and healing have also been observed in various
field studies.

« The Lux-Wolters constitutive model, is the most comprehensive model for salt THM
behavior, including damage, sealing and healing, although similar constitutive models
have been developed at other academic institutions is Germany.

 For modeling salt and consolidation of the EBS, coupling under large stain has been
developed and tested for TOUGH-FLAC, and creep is also included and linked through
the Lux-Wolters model.

* In a salt repository, the analysis of EDZ evolution must be conducted using a model
that includes both the EBS and host rock and their interactions, meaning that the
evolution of the host rock or the evolution of the EBS cannot be analyzed
independently.

Date Presentation or Meeting Title 6
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Disposition

Date

Coupling to the PA model:

The TOUGH-FLAC with salt constitutive THM models provides a tool for calculating the
evolution of the crushed salt backfill and the host rock, including the disturbed rock
zone (DRZ) from just after emplacement to over 100,000 years.

The analysis for coupling to the PA model might be conducted in a 2D cross-section of
one emplacement drift or alternative a 3D model focused on the near field of an
emplacement tunnel or a few emplacement tunnels in different parts of a repository
and for different FEPs such as nominal case or such as for cases of extensive gas
generation.

The input required is the geometry, heat source, THM properties of buffer and host
rock, initial THM conditions (such as in situ stress).

The output to the PA model would be the changes in flow properties (e.g. permeability
and porosity) in the EBS and near-field including the buffer and DRZ and also to inform
PA related to local flow created by coupled THM processes.

To develop reduced order models for PA

Presentation or Meeting Title 7
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Disposition

When ready for integration?

« 2D analysis over 100,000 year has been demonstrated and could provide output to PA
today for currently implemented constitutive models

« 3D has also been demonstrated associated with modeling of large-scale field tests
over tens of years and could potentially be extended to thousands of years if
considering multiple tunnels in parts of a repository

* For larger models including 3D of multiple emplacement tunnels and shafts to be
included in this kind of model, more efficient calculations would be necessary, which
could be solved with future porting of TOUGH-FLAC for high performance computing.
Such porting of the FLAC3D code is planned to be conducted within the next few
years. s

]_N
1200 m
=T

Date Presentation or Meeting Title
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Coupled THMC Model for EBS
Bentonite and Clay Formation

Liange Zheng, Jonny Rutqgvist, Jens Birkholzer

Lawrence Berkeley National Laboratory

UFD Annual Meeting, June 9, 2015






Used Features and Focuses of the

Fuel

Disposition Model

» Focuses of the model
v"lllitization, i.e. the transformation of smectite to illite
v' Geochemically induced swelling stress change

v' Long term evolution of hydrological (e.g. permeability) and chemical (e.g sorption
capacity) changes as a results of coupled THMC evolution..

» Major features of the model
v' Coupled THMC processes, especially MC coupling
v Interactions between EBS bentonite and host rock, canister and EBS bentonite
v" High temperature

» Current status

v' Coupled THMC model had been developed for a generic clay rock repository with
bentonite backfilled EBS.

v Chemical model needs to be fine-tuned

v' Conceptual understanding and mathematical representation of chemical-mechanical
coupling needs to be improved

v' Stability and efficiency of the simulator, TOUGHREACT-FLAC3D, need to be improved
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Snapshot of the Model
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Fuel Integration with PA Model

Disposition

» Significant R&D is needed to improve and validate the model

» Difficulties for direct coupling with PA model:

»PA model needs to be able to simulating THMC process
simultaneously and consider the couplings between different process

»Detailed coupling between THMC process might be too expensive to
run in PA model
» Abstraction is more doable. Response surface, for example,
llitization as a function of key flow, chemical parameters and
time, can be established based on coupled THMC model and
Integrated to the PA model.





		Coupled THMC Model for EBS Bentonite and Clay Formation 

		Features and Focuses of the Model
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RBSN integration into PA for
argillite repositories

Kunhwi Kim, Jonny Rutqvist, Jim Houseworth, Jens

Birkholzer
Lawrence Berkeley National Laboratory

UFD Working Group Meeting, Las Vegas, NV
June 9-11, 2015
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Fuel Background: TOUGH-RBSN and TOUGH-FLAC

Disposition

B TOUGH-RBSN is a coupled THM and fracture-damage process model for the EDZ
— Can model complex fracture network formation resulting from thermal-hydrological-mechanical
processes in three dimensions.

— RBSN is a geomechanical analogue model that has limited capability to represent continuum
geomechanical constitutive models.

— At present, large-scale problems are not computationally feasible; therefore, it is not currently
feasible to implement this model on a repository-wide basis to be computed in parallel with the
PA model.

B TOUGH-FLAC is a THM process model for the repository/near field

— Can model coupled thermal-hydrological-mechanical processes in three dimensions, but cannot
treat complex fracture network formation

— FLAC solves continuum conservation equations that enable it to use more accurate
geomechanical constitutive models than RBSN

— Large scale problems are more easily handled with TOUGH-FLAC than with TOUGH-RBSN,
however, still is not currently feasible to implement this model on a repository-wide basis to be
computed in parallel with the PA

Date Presentation or Meeting Title 2
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Proposal

B Proposal is to use TOUGH-FLAC coupled to RBSN for fracture formation
—  TOUGH-FLAC would compute stresses and fluid pressure based on THM processes
— Atwo-dimensional RBSN calculation would use these as inputs to determine fracture

formation and fracture property changes

— Near field model abstraction would then include discrete fracture formation

» Fractures characteristics translated into continuum properties are then provided to PFLOTRAN along

with other near-field characteristics as part of the near-field abstraction model

TOUGH — TOUGH —

TOUGH

Coupling Coupling

Module

Module

Module

[K, G C,u ][apu er, 55

L

Coupling

Ty FLAC3D e RBSN ¢
T FLAC3D

RBSN

Date Presentation or Meeting Title

i = matrix, fracture

j = phase

T = temperature

P;= pressure

S = saturation

¢ = porosity

a = Biot's parameter
&r = thermal strain

& = saturation strain
o' = effective stress
&= strain

»=damage index

b = fracture aperture
k; = permeability

P = capillary pressure
K = bulk modulus

G = shear modulus

C = cohesive strength
= friction angle
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Fuel Near-Field and EDZ Model for PA

Disposition

Ground surface  Model
/

B The near field and EDZ ~—a 7
model for PA / Heat-releasing

) ) ) waste package
— Two-dimensional drift-scale
model at selected repository
locations Piop acement
drifts

— Two-dimensional EDZ ¥\
subdomain around drift to
identify fracturing with RBSN \ RBSN

— Results for fracture porosity M
and permeability (fracture)
obtained at selected locations
and times

— Model provides output as \/
function of position and time E1ii,
using a response surface for
use in PFLOTRAN

500 m

Bentonite

(o]
(o]

500 m
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Lightning Talk:
Colloid-Facilitated Trans

Paul Reimus
Los Alamos National Laboratory

International Session
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Used Two Regimes — Easy to Model,
Fuel Very Difficult to Mechanistically
Disposition Parameterize

B Kinetic Control - Results in fraction (usually small) of RN being transported
conservatively

— Fraction = [exp(-KgesT) X exp(-ks;:T)], where 7 is time scale of interest

0.1
é * = i
— Problem: Rate constants I . S ~
c =
[v] c
1 - & 0.01 L S~
often tend to decrease with & 0\‘\ RN £°71 NG T
o S~o o 1 il
. . o 0.01 - 3 Colloid-facilitated
time or distance scale of & ¢ Colloid-faciltated & . transport nota problem
. 5 RS transport not a problen‘?é \\
observation g s N
S . i \
g \\Colloid—facilitated transport  iT \ Colloid-facilit'atedtransport
\  apotential problem \‘ a potential problem
0.001 T — T v 0.001 T T T 1
1 10 100 1000\1/ 10000 1 10 100 1000 \l/ 10000

Residence Time, hr “ Residence Time, hr

B Equilibrium Sorption Competition Control

— Effective CFT Retardation Factor: Retardation factor
without colloids

d,col ~col
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PA Implications
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g = CFT Kinetic Control
S 0.001 -
c = CFT Equilibrium Control
S

0.0001 - (— ,‘
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