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1921 Born (April 29, Montreal) 

1943  BSc  ( McGill University ) 
1944 Army @ McGill   
44-45  Canadian Mines & Resources 
1945  Married 
45-46  Canadian DoT 
1948  MSc (Purdue) 

 Taught Mechanics & Drafting 

 "MUD-LAB" (compaction and shear tests) 
 6 week trip in the USA (Shannon, Casagrande) 
  

 Harvard? Caltech? Purdue? 

1952  PhD (Purdue): Compacted clay 
1952  Assistant Professor 
1955  Associate Professor 
1958  Full Professor 

1960 US Citizen 

1965 Norman Medal  

1976 "Best CE Teacher" 

1980  Terzaghi Lecture ï Failures 
1985 Workshop Dam Failures 
1989  Member NAE 

1991 Professor Emeritus 
1997 Died (February 1) 



1921 Born (April 29, Montreal) 

1943  BSc  ( McGill University ) 
1944 Army @ McGill   
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45-46  Canadian DoT 
1948  MSc (Purdue) 

Frozen ground  
Pavements 

1952  PhD (Purdue): Compacted clay 
1952  Assistant Professor 
1955  Associate Professor 
1958  Full Professor 

Clays: s-history 

1960 US Citizen 

1965 Norman Medal  

Friction (and vibration) 
Clays -  Repeated loading 
Cracking Earth Dams 

Shallow Foundations 

1976 "Best CE Teacher" 

Sands: s-history;  vibration; dynamic compaction 
Fly Ash 
Failures 
Pile Foundations 

1980  Terzaghi Lecture ï Failures 
1985 Workshop Dam Failures 
1989  Member NAE 

Slope Stability ï Landfills ς Dam failures 
Weak seams 
Lateral Earth Pressure 
Culverts 
Undrained loading ï Liquefaction of sands 
Tower of Pisa 

1991 Professor Emeritus 
1997 Died (February 1) 

Hydraulic conductivity, piping, erosion 
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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 
 

1952  PhD (Purdue): Compacted clay 
1952  Assistant Professor 
1955  Associate Professor 
1958  Full Professor 

1960 US Citizen 

1965 Norman Medal  

1976 "Best CE Teacher" 

1980  Terzaghi Lecture ï Failures 
1985 Workshop Dam Failures 
1989  Member NAE 

1991 Professor Emeritus 
1997 Died (February 1) Energy Geotechnology 



Energy Geotechnology 

GAL Historical Geology (Homework #1) 
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C. Pasten 
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India 

China 

Brazil 

Russia 

USA 

1 billion 

Energy and Life (Global: 2008 ï  BRIC trends: 1980-2007) 



Sources ï Case: USA 
2008 LLNL ς DOE 

Units: [QUADS] 

Efficiency in geotechnology?     crushing<5%      tunneling<< ants! 
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Geo-Centered Perspective: Time Scale 
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230-65 MYA:  

dinosaurs 

coal & petrol 
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History of fossil fuels: a d-function 
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Fossil Fuel: ~90% 

Geo-Centered Perspective: Spatial Scale 



FOSSIL FUELS (C-BASED) RENEWABLE 

Nuclear 
Petroleum Gas Coal 

Wind     Solar  Biofuels  

Geo-T   Tidal 

Å fines & clogging 

Åsand production 

Å shale instability 

Å EOR  

Å heavy oil & tar sand 

Å gas hydrates 

Å gas storage 

Å low-T LNG found. 
Å characterization 

Å optimal extraction 

Å subsurface conv. 

Åperiodic load 

Å ratcheting 

Å engineered soils 

Å decommission 

Å leak detect 

Å leak repair 
Å  mixed fluid flow, percolation  

Å  contact angle & surface tension = f(ua) 

GEOLOGICAL STORAGE 

CO2 sequestration 

 104-105 yr  BTHCM 

mineral dissolution Č shear faults, pipes 

Energy Storage 

CAES, phase-change 

Cyclic HTCM 

Waste 

storage 

105 yr BTHCM 

GEO-ENVIRONMENTAL REMEDIATION 

CONSERVATION 

¶ Hydro-electric:  capacity almost saturated 

Energy Geotechnology 



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 ! 

Lessons Learned 



Clays     Fly Ash      Sands 



Ottawa sand 

kaolinite crushed granite 

sintered lead (The Diatoms ï1990) 

> 50 ɛm < 10 ɛm 

http://www.minersoc.org 

illite 



http://www.minersoc.org 

smectite kaolinite illite 

Clay Minerals: Very High Specific Surface 

Implications:  (1) small pores   (2) very low kgas   (3) adsorbed gas (clay)   

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

Ss= 10 m2/g 

dpore=10 nm 

Ss= 50 m2/g 

dpore=2 nm 

Ss= 300 m2/g 

dpore=0.3 nm for n=0.2 



Critical fines  

Content FC* 

finecoarse

coarse

total

fine*
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Grain Size Distribution: The Role of Fines 

Sediment e1kPa FC* 

Silt ~0.7 ~ 25 % 

Kaolinite ~1.5 ~ 20 % 

Illite ~3.7 ~ 11 % 

Montmorillonite ~5.4 ~ 8 % 

(for mechanical properties é) 
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(N. Skipper - UCL) 

Laponite  1200 H2O   24 Na+ 

Particle Forces 
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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 ï Fractures and lenses 

Mixed fluid conditions (oil-water; gas-water) 

Gas migration 

é 

Lessons Learned 
Kingston Fossil Plant ï 22 December 2008 



Hydraulic Conductivity 

& 

Fines Migration 



fabric  inherent and stress-induced anisotropy  particle & pore-scale 
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Network Models ï Upscaling 

Mass Balance at Nodes 
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COV(R2)=0.49 COV(R2)=1.26 COV(R2)=1.95 
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Spatially Correlated Porosity 

Log (dpore/micron) 

J. Jang 
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Bridging 

 



Bridging Conditions 

Particles 

  Container 

Orifice 

Mica 

Sand 

Glass Beads 

2 3 4 5 6 7 8 9 10 

Pore throat -to- particle diameter O/d 

min 

max 

min 

min 

max 

max 

 5 

J. Valdes 



Grain-Fluid paths 

Deviation enhanced:

 ɟs / ɟf ŷ  

 ec ŷ 

rs / rf = 3.2 rs / rf = 1.3 




