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2 Overview

-Overall conceptual approach

-Brief review of literature in this area

-GEOCOSM -Some related work done in sandstone diagenesis

-Status of SNL-GEOCOSM collaboration

-Proposed experimental work at UNM

-Needs for intact WIPP Salt moving forward



3 Conceptual Strategy

1) Create multiple realizations of a polydisperse ("poorly sorted") random packing
arrangement

. Main variables to vary
0 degree of polyclispersity, i.e., size distribution function

0 Why? Because we're not sure how varied the rubble pile will be

0 The actual random packing arrangement

0 Why? Because we're not sure if how/when the rubble falls makes a difference, or how significant that difference
might be on the ultimate permeability

2) Use CFD to evaluate flow through each packing arrangement

•



4 Brief Overview o Literature

Key Points:

° Mode of construction
o Sequential Deposition results in
lower porosity than Monte Carlo

o However, transport depends only
on porosity

0 Random and homogenous
packing
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Process Based Reconstruction of Sandstones and

Prediction of Transport Properties
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Statoil Research Ceram N-7005 Trondheim, Norway
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Abstract_ Wc present a process based method for reconstnic ring the full three-dimensional micro-
structure of sandstones. Thc method utilizes petrographical information obtained from two-

dimensional thin sections to stochastically model the results of the main sandstone forming processes

— sedimentation, compaction, and diagenesis. Wc apply thc rnethod to generate Fontainebleau sand-

stone and compare quantitatively the re:coming:led micrustnicture with mieruturnographic images

of the actual sandstone_ The comparison shows that the prowss bascd reconstruction reproduces

adequately important intrinsic properties of the actual sandstone, such as the dcgrcc of connectiv-

ity, the specitic internal surfatx:, and thc two-point correlation function. A statistical recuristnic-

lion of Fontainebleau sandstone that matches thc porosity and two-point corrclalion function of

thc rnicrolomography data differs strongly frum the actual sandstone in its cormectivity properties.

Transport properties of thc samples arc determined by solving numerically thc local equations gov-

erning the transport. Computed permeabilitics and formation factors of process based reconstructions

of Fontainebleau sandstone compare well with experimental measurements ovcr a wide range of

porosity.

Key words: 3D reconstruction, microstructure, Fontainebleau sandstone, percolation, permeability,

formation factor.
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Numerical study of the effects of particle shape and polydispersity on permeability

Xavier Garcia,L* Lateef T. Akanji,1'. Martin J. Blunt'''. Stephan K. Matthai,2' and John Paul Latharn'•1
'Department of Earth Science and Engineering, Imperial College London, SW72.4..Z London, United Kingdom

2School of Petroleum Engineerthg, Montanuniversitlit, Mar-Tendler-Strasse, A-8700„ Leoben. Austria
(Received 11 May 2099; published 26 August 2009)

We study through numerical simulations the dependence of the hydraulic permeability of granular materials
on the particle shape and the grain size distribution. Several tnodels of sand are constructed by simulating the

settling under gravity of the grains; the friction coefficient is varied to construct packs of different porosity. The
size distribution and shapes of the grains mimic real sands. Fluid !low is simulated in the resulting packs using

a finite element method and the permeability of the packs is successfully compared with availahle experimental
data. Packs of nonspherical particles are less permeable than sphere packs of the same porosity. Our results
indicate that the details of grain shape and size distribution have only a small effect on the permeabilty of the

systems studied.

D01: 10.1103/PhysRevE80.021304 PACS number(s): 45.70.— ft, 91.60.Np, 47.56.+r,47.11.—j
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8 Deposition is currently done using NVIDIA's PhysX compute engine, created for
gaming and animation.



1
Compaction vs. Ductile Grain Abundance
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Frequency Histogram
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I. Characterization of rubble size and shape using X-ray micro-computed tomography
2. image analysis to include solid segmentation and grain separation, using a variety of

filters and watershed methods.
3. Creation of grain size distributions of rubble piles
4. Creation of grain surface meshes extracted from the separated particles, using the

distribution as a guide.
5. Cyberstone modeling of rubble consolidation, extracting representative shapes and

sizes using the provided STL files and the resulting volume distribution as a guide.
6. CFD modeling of gas transport in the consolidating rubble piles from the

Cyberstone results.
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Intermediate scale testing of the permeability
and porosity of rock salt after roof fall

Objective: Measure the range of permeabilities and porosities of salt

fall material until it behaves as a mass of consolidating granular salt in

the room. These data will be used to validate numerical approaches to

modeling room behavior in response to roof fall.



1
Conceptual model of room condition after fall with time

Time
0.

Densification from particle
After fall Densification from

1 
rearrangement ►

Room closure is not
impeded by roof fall
material in room.
Porosity >50%.
Permeability very
large and governed
by large connected
voids in room.

Salt in room densifies largely by particle
rearrangement and some particle
breakage. Fall material offers very little
but increasing resistance with closure.
Porosity — 50% to 30%. Permeability is
largely unknown but may achieve a value
that affects performance/risk assessments.

consolidation

11114:::1•14.11111111:

Salt in room from fall
behaves as mass of
consolidating salt —
there is existing data
on mechanical and
hydrologic properties
of salt in this state.

Study is directed at measuring permeability and
porosity of room material under these
conditions.
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Porosity system
Connect reservoir of known
volume and pressure to
unknown pore volume of salt
and allow to equilibrate.
Porosity interpreted from
equilibrium pressure.

Atmospheric
air flow during E
permeability
measurements.

Valve to switch
between permeability
and porosity
measurements.

Inlet
manifold

Reservoi
r

Test configuration

Box
c, 

Atiatell
** *4' 10-w

—

m

Box is portable. Permeability and porosity
measurement systems can be disconnected.

Permeability system
Vacuum induces flow through
salt. Pressure drop (P) and flow
rate (Q) measured to interpret
permeability.

6

Outlet
manifold

Vacuu
m

Salt particles contained within plastic liner
that serves as jacket for vacuum permeability
and porosity measurements.
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1
Create mixtures of salt
based on expected
range of particle sizes.

Test sequence

2
Place salt of known mass in
box permeameter. Measure
permeability and porosity.

Additional test options:

3
Densify material in box with
large-scale vibratory table.
Measure permeability and
porosity.

CT scan box and contents to confirm porosity measurements and
reveal details about pore network.

Apply load via large-scale actuator to induce particle breakage
and additional rearrangement.
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Expected results

Initial
measurements

M eas u re m e nts after
densification

Region where existing
permeability — porosity
relationships on granular
salt applicable

Porosity


