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Clays
Sands
Fly Ash

Frozen ground
Discontinuities - Weak seams
Friction

Hydraulic conductivity
Piping, erosion

Pavements - Culverts

Shallow and Deep Foundations
Slopes and dams

Lateral Earth Pressure

Failures

Energy Geotechnology




Energy Geotechnology

GAL Historical Geology (Homework #1)



Energy and Life (siobal 2009)

Human Development Index
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En ergy and L|fe (Global: 20081 BRIC trends: 1980-2007)
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Sources 1 Case: USA

2008LLNLg DOE
Units: [QUADS]

Net Electricity
Solar 0.01 Imports
12,68
Electricity 27.39

Generation
39.97

Rejected
Energy
57.07

2.29

Residential
11.48

' Commercial
8.58

Industrial
23.94

Trans-
portation
27.86

Efficiency in geotechnology? crushing<5%  tunneling<< ants!



Geo-Centered Perspective: Time Scale
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History of fossil fuels: a @ffunction



Fossil Fuel: ~90%




Energy Geotechnology

FOSSIL FUELS (C-BASED) RENEWABLE
Petroleum Gas Coal Wind Solar Biofuels Nuclear
Geo-T Tidal
Afines & clogging
Aand production Agas hydrates
Ashale instability Agas storage Acharacterization Aengineered soils
AEOR Alow-T LNG found. Aoptimal extraction KAeriodic load Adecommission
Aheavy oil & tar sand Asubsurface cony Aratcheting Aleak detect
' Aleak repair
A mixed fluid flow, percolation
A contact angle & surface tension = f(u,)
GEOLOGICAL STORAGE
CO, sequestration Energy Storage Waste
104-10°yr BTHCM CAES, phase-change storage
mineral dissolution C shear faults, pipes Cyclic HTCM 105 yr BTHCM

GEO-ENVIRONMENTAL REMEDIATION

CONSERVATION

fHydro-electric  capacity aimossaturated




L essons Learned

Energy: critical for development
High increase in demand in next decades
Resources: C-economy

Environmental implications

Geotechnology: Central Role
Production, transport, conservation, waste
Rich & complex phenomena - interwoven processes
Urgency é .

Fascinating !



Clays Fly Ash  Sands
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Clay Minerals: Very High Specific Surface

http://www.minersoc.org

e\

LTV Spot Det WD |
0KV 4.0 SE 316 Platyillite

.
S.=10 m?/g S,=50 m?/g S= 300 m?/g
forn=02  Oyoe=10 NM dpore=2 NM dpore=0.3 NM
Implications: (1) small pores (2) very low Kgqq (3) adsorbed gas (clay)

(4) high capillary entry (5) low gas recovery (6) low bioactivity



Grain Size Distribution: The Role of Fines

Critical fines
Content FC* (for mechanical prop

1 *

Sediment| eyp, FC
Silt ~0.7 ~25%

FC* — I\/Ifine — ecoars.e

Kaolinite ~1.5 ~ 20 %
I\/Itotal 1+ ecoarse + efine :
llite ~3.7 ~11 %
Montmorillonite ~5.4 ~8%
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Particle Forces

Capillary




Particle Forces

Laponite 1200 HO 24 N&

Electrical
attraction

repulsion

(N. Skipper - UCL)



Particle Forces

. boundary-

Setetal N=s d* determined
Weight W:(pGSgW/6)d3
Buoyant U = Vol CQW =(p g, /6) d3 particle-level
Hydrodynamic drag =3pnmvd
Capillar

Pty Fop=PT,d
Electrical

Att = h2
attraction 24t contact-level
— -1¢%t./c,
repulsion Rep=0.0024,/c, € He g

Cementation T=ps,td
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Kingston Fossil Plant T 22 December 2008

L essons Learned

Soil Properties and Behavior
Soils: particulate media
Particle-level forces
Transition: d ~10mm

Energy Geotechnology
Fly ash ponds
Resource distribution
Resource recovery
Fines migration and formation damage
Development of discontinuities i Fractures and lenses
Mixed fluid conditions (oil-water; gas-water)

Gas migration
é



Hydraulic Conductivity
&
Fines Migration



Dynamic penetration resistance and the predictiOn

of the compressibility of a fine-grained

sand—a laboratory study

M. B. HABABA and N. E. SIMONS (1985). Géotechnique 35, No. 1, 19-31
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C. R. . CLAYTON

S. Theva-

nayagam, J. E. Tomaz and J. L. Tyree, Purdue

University

J. D. Frost,

Professor G. A. Leonards, A. Alarcon,
Y. E. Mohamedzein, J. C. Santamarina,

particle & porescale
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Pore Size Distribution

Log (,,r/micron)

100.00 %
- 4 ®
— .’/
5 I Sq _ ,./’/
2 10.00 + —=04
E : m -
-O L ,’/
5 I °
," @
c e -
S 100+ « 57 °
@© . .-®
g ;
3 P
° [ o %%
© 0.10 F =
© - 0.-®
c C
I _ . o -
n ® ( d/>d) In(dpore)
0.01 i oy 1 s
0.10 1.00 10.00 100.00 1000.00

Mean of d [micron]

v



Network Models T Upscaling
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Mass Balance at Nodes
0=a q.
0=3g(P, R) (& RB- (Pafh -( P+R

P:aapa + a:)b +th IH)

(a. + & ta)e

System of Equations

B=AP then P=A"B



Spatially Correlated Porosity

COV(R=0.49

COV(R=1.26

COV(R=1.95

Log (,or/micron)

Uncorrelated

Correlated

J. Jang



Particle Forces
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Bridging Conditions

Particles

Orifice

Container

min max
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J. Valdes



Grain-Fluid paths

Deviation enhanced:
J S/:I' fS\/
ecy
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rJ/ry=3.2 rg/ri=1.3






