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How$I$got$to$3D$Printing…
• Muleshoe$Mound
• Mg/Ca…Seawater$Chemistry$and$Temperature
• Carbonate$Petrophysics$and$Fluid$Flow



Earth&Models
!"#$%
&'()
!"*"+,
&*%-

Permeable
Porosity

Mineral/Models

3D/Photocopying

XYZD

Life&Models
Flexible'Fossils



3D#Printing#for#Teaching#and#Outreach 4

0200

0

TurnkeyCheapModelsExcitingInspiringTurnkey

Turnkey

Cheap

Cheap

Models

Models

Exciting

Exciting

Inspiring

Inspiring

The
Bar



People&Friendly-
Machines
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People&Un&Friendly..Machines 6



Turnkey(ish,3D,Printers 7

Makerbot,Mini



Cheap 8

$55#per#kilogram

$1000#per#kilogram

Free
Software$30001printer1with1PC

Meshlab



Models'of'Things 9

Intricate)Things
(like'fossils,'pore'networks)

Most)Things)(like'minerals,
Crystal'models,'Simple'fossils)

Big)Things
(like'boulders,'outcrops)

Really)Big))Things
(like'landscapes)

Computed
Tomography2(CT)

3D2Scanning

Image2Processing

On=line'Elevation'Data
Free'Software'(e.g.'MeshLab)

Method



Models 10

Analytics!

CAD3and3STL3Files

Author
sets
copyright



The$Playbooks 11



Recruiting*Booth*at*GSA 12



Digital'Poster'at'GSA 13



Alumni'Relations 14

Gwynne’s'Rock
In#Place

Gwynne’s'Rock
In#Cyberspace



Terrain'Models 15

Terrafab.no



Implementation+Models 16

Lesson+Plans

Lab+Exercises

Tutorials

Field+Trips

Science+Fair+Projects

Science+Night+Demos

Elder+Hostels

Few+of
These+Exist+!



Inspiring 17

NASA’s.Pizza.Printer



Exciting 18
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My#Plan#This#Year 20



Extruder
Nozzle

B.#Element#thickness#is
controlled0by0positional

accuracy0of0Z0stepper0motor

D.#Pore#XY5dimension#is
controlled0by0positional
accuracy0of0XY0stepper

motors

A.0Minimum0XY#element
dimensions#are0controlled
by0aperture0of0extruder
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Stock

C.#Pore#Z5dimension#is
controlled0by0positional

accuracy0of0Z0stepper0motor

Printing0Permeable0Porosity

The$key$is$being$able$to$control$the$distance$between$two$elements.
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Star%Trek:%The%Manufacturing 22

cf.%Sternbach%and%Okuda,%1991



What%can%you%print%these%days? 23

Objet.com



Geoscience(Uses(of(3D(Printing 24

New(frontiers(in(ichnology(using([3D
scanning(and(3D(printing](for([3D]
analysis,(printing,(and(sharing(of(modern
and(ancient(traces(with(other
ichnophiles.
(

Hasiotis'et'al.
2011'GSA'Annual'Meeting



Current'Geoscience'Uses'of'3D'Printing 25



Current'Geoscience'Uses'of'3D'Printing 26

Vinther(et(al.,(2012
Paleontology(55:(1007

i.e.(Devonian(Multiplacophoran(was(digitally(extracted(from(rock(and(printed(in(3D



Photo%of/by%Dr.%Seth%Horowitz
Brown%University

Geoscience(Uses(of(3D(Printing 27

Printing(space;(3D(printing…digital(terrain
models…enhances(student
comprehension(and(educational
outreach.
(

Horowitz%and%Schultz
2012%GSA%Annual%Meeting



3D#Printing#Elevation#Data 28



Printing'Data'on'Elevation 29

Political(map(of(Texas
on(elevation(data

Model&from&Thingiverse.com



What%other%3D%data%is%difficult%to%communicate? 30

http://www.jsg.utexas.edu/news/2007/11/tsunamiAfactory/

davidrkeller.com

3D%Seismic

Geological
Models



A"workflow"to"“photocopy”"rocks 31

CT
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B
C
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3DP

Original Digital2Copy Tangible2Copy

• Core2analysis2simplifies
complicated2pore2systems
into2single2values2(F,2k)2or
histograms2(PTSD).

2
• Core2material2is2precious
• Destructive2core2analysis2is

destructive

Lab
Porosity

Permeability
MICP
NMR

Data
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Fabric
Selective

!

Carbonates!have!many!pore!types 32

Not!Fabric!SelectivePossibly!Fabric!Selective

Figure'modified'from
Scholle'&'Ulmer2Scholle

AAPG'Memoir'77

Choquette'&'Pray



How$do$we$deconvolve$effects$of$pore$type$on$flow? 33

Interparticle
Pores

Moldic$Pore

Micropores

Scholle'&'Ulmer,Scholle
AAPG'Memoir'77



Natural
Rock CT

CT
-Data

Natural
Rock

Trim-End

Sawing

NMR MICP

Thin
Sectioning

Describe/Interpret
Thinsection

Petrographic
Imaging SEM

Petrographic
Image

SEM
Image

CT
Model

Rock-Fabric,
Grain-Types,
-Pore-Types

Pore-Size
Distribution

Porosity,-Perm,
Pore-Throat-Size
Distribution

Image
Analysis

Image
Analysis

Segmented
Image,

Measurements

Segmented
Image,

Measurements

“Rock”-Characterization

Digital-Rock-Model

Analysis

Measurements

Sample-Preparation

Legend

34

ArtificalRock

3D
Printing



“Fancy'Hot'Glue'Gun” 35

Makerbot'Replicator'2X
• Fused'Deposition'Modeling
• 2'Print'heads
• Prints'Acrylonitrile+butadiene+styrene+(ABS)

! "#$% &'()* $+'
,$-' ).



3D#printing#in#action 36

230°C

100°C



! 37Artificial!Sandstone!(Very!Coarse)
!
CAD$Model
!
50%$porosity
!
500$micron
mesh
!
1½$inch
diameter



Simple'Print'Software 38



Artificial)Coarse.Grained)Sandstone 39

CAD$Model
)
50%$porosity
)
500$micron
mesh
)
1$inch$diameter



On#Going(Research 40
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Lab!validation!of!digital!models 41

3D!Print

Tangible!Copy

Lab
Porosity

Permeability
MICP
NMR

Bakke%and%Øren,%1997

Network!Analysis!&!Flow!Simulation
Porosity

Permeability
MICP
NMR

Compare



Future&Directions:&Printing'with'Minerals 42

M.'Schumacher'•''U.'Deisinger'•''R.'Detsch'•'G.'Ziegler

26=72%'Porosity



Summary 43

Make%artificial%rocks
…to,test,hypotheses,about,fluid,flow,in
porous,media

Make%3D%data%easier%to%communicate%and
understand
…by,printing,data,on,topography
…by,printing,seismic,and,geomodels



Dual%Extrusion 44

Model&from&Thingiverse.com

Print%with%any
combination%of
colors
…including
transparent



Common%Rapid%Prototyping%Methodologies 45

Selective%Laser%Sintering

Official%“3D%Printing”

Fused%Deposition%Modeling

Solid%Ground%Curing



Types&of&Rapid&Prototyping 46

Pham%and%Gault,%1998

Rapid
Prototyping

Additive

Liquid

Liquid&layer

Point&by&Point Layer&by
Layer

Holographic
Surface

Electrostat&&
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