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Computational Models for Flow and Transport in Fractured Media

Channel Network Continuum Methods

Discrete Fracture Nework Discrete Fracture Matrix
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Discrete Fracture Networks (DFN)




Modern 3D-DFN Modeling

 Fractures are disks or
re Ctan g |eS Fracture Family

« Hydraulic properties can vary
between fractures

« Site characterizations inform
descriptions of various fracture
families

* Flow and transport is resolved
within and throughout the
connected fracture network
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Hyman, Jeffrey D., Satish Karra, Nataliia Makedonska, Carl W. Gable, Scott L. Painter, and Hari S.
Viswanathan. "dfnWorks: A discrete fracture network framework for modeling subsurface flow and transport."
Computers & Geosciences 84 (2015): 10-109.
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dfnFlow

dfnTrans

dfnGraph
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DFNWORKS : DFNGEN — NETWORK GENERATION “Los Alamos
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. Features used in Geologic
Disposal Safety
Assessment (GDSA)

Stochastically generated
fractures

Variable Density By Layers

Multiple Fracture families

Synthetic Repository System ~ 7000 Fractures
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. Meshing

Spatially variable mesh
resolution

Conforming Delaunay
triangulation

Allows for in-fracture aperture
variability
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Mapping a DFN to a Equivalent Continuum Porous Media (ECPM)- Los Alamos

NATIONAL LABORATORY
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Distance from nearest fracture (m)

DFN Continuum

Sweeney, Matthew R., Carl W. Gable, Satish Karra, Philip H. Stauffer, Rajesh J. Pawar, and Jeffrey D. Hyman. "Upscaled discrete fracture matrix model
(UDFM): an octree-refined continuum representation of fractured porous media." Computational Geosciences 24, no. 1 (2020): 293-310.
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DFNWORKS . DFNFLOW ““'Los Alamos
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. Seamless integration with
PFLOTRAN

. Allows for access to all
PFLOTRAN capabilities

Reactive transport
Radionuclide decay
Tracer Transport

Mesh Refinement

Permeability [m? ]
50e-12 1.0e-09
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dfnGen

dfnFlow

dfnGraph

P & DISCRETE FRACTURE NETWORK
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dfinWorks: dfnTrans “Los Alamos
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. Particle Tracking

Internal velocity field pathline
tracking o

5.0e-4

2.0e-4

Matrix Diffusion

Low-fidelity pipe-network

Flow Topology Graph Analysis

Pressure (Pa)
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|

Makedonska, Nataliia, Scott L. Painter, Quan M. Bui, Carl W. Gable, and Satish Karra. "Particle tracking approach for
transport in three-dimensional discrete fracture networks."” Computational Geosciences 19, no. 5 (2015): 1123-1137.
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Transport in GDSA “-'Los Alamos
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. In the GDSA reference

case simulations we are
relying on upscaling and
ADE

e Particles
m— ADE

[ %]
1

= =
o o
o

Normalized Probabiliity Density Function

10° 101 102
Dimensionless Time [-]

energy.gov/ne



DENWORKS : MODULAR BY DESIGN “.Los Alamos

NATIONAL LABORATORY
EST.- 1943

dfnGen dfnFlow

dfnTrans
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dfnGraph — Graph based network analysis toolkit “Los Alamos
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. Graphical Analysis

Used in GDSA Sensitivity
Analysis

Multiple-graph
representations of the DFN

Rapid analysis of network

Hyman, Jeffrey D., Aric Hagberg, Dave Osthus, Shriram Srinivasan, Hari Viswanathan, and Gowri Srinivasan. "ldentifying
backbones in three-dimensional discrete fracture networks: A bipartite graph-based approach.” Multiscale Modeling &
Simulation 16, no. 4 (2018): 1948-1968.
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dfinWorks in GDSA & DECOVALEX

e On Deck

— Network Generation

» Depth/stress dependent
aperture/permeability
— DFN - Particle tracking / ADE in
DECOVALEX Task F benchmarks
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dfnWorks in GDSA workflow

r;t\lea’oc)ry/ Spatial Sampling Workflow
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Additional Applications “Los Alamos
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. Repository Science
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dfnWorks: 3D Discrete Fracture Network Modeling Suite “.Los Alamos
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. Additional Detalils

Open Source (github.com)

Robust Online Documentation

dfnWorkShop Training

energy.gov/ne



Thank you for your time
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