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SHALE GAS 

COAL SEAM GAS 

TIGHT OR 

 ‘BASIN-CENTRED‘  

GAS 

GAS CONTAINED AS FREE GAS IN PORES WITHIN  

‘TIGHT’ RESERVOIR 

GAS CONTAINED AS FREE GAS IN MICROPORES 

AND MICROFRACTURES AND ADSORBED ON  

KEROGEN AND CLAY MINEREALS 

 

 GAS LARGELY ADSORBED ON SURFACE 

 OF COAL  PARTICLES PLUS SOME AS FREE GAS 

UNCONVENTIONAL GAS – ‘HABITAT’  
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Unconventional 

hydrocarbons 

EIA, 2008 
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 Tight Gas 
 from low porosity 

sandstone reservoir 

 

 CBM 
 from coal seams (source 

& reservoir) 

 

 Shale Gas 
 from low permeability 

shale (source & reservoir) 
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Gas Shale 

• Source, seal, reservoir and trap  
     in one 

• Free gas in pores and fractures 

• Absorbed gas on organic matter 

• Laterally pervasive 

• Insufficient permeability to allow significant flow 

• Key: extensive fracture system, rock must be brittle 

• Richness estimates for US in-place resources at 17.7 

TCF / Gt of shale (Rogner 1997) = 0.5 km3 
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Porosity in gas shales 
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What Makes a Good Shale Gas 

Reservoir? 
 

•   Organic-rich: TOC > 2.0%. 

•   Maturity:  mature  for humic type III SR  

  overmature for type II SR  

  immature (biogenic gas).   

•   Thick: > 50m; 30m minimum. 

•   Lithology: silt laminae desirable 

•   Brittle: quartz/carbonate > 40%; pure clays < 30%.  

•   Natural fractures 

•   Deeper reservoirs are better (high / over-pressured shale  

    favours pore gas over adsorbed gas) 
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US Shale Gas Plays 

First Producing Shale Gas well: 1821, near Fredonia, New York (Devonian shale) 
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Unconventional Gas global distribution of GIIP 

8,228 TCF 

3,370 TCF 

5,485 TCF 

5,094 TCF 

3,487 TCF 

1254 TCF  

 (35,000 BCM)  

1,097 TCF 

3,448 TCF 

1 TCF = 28 bcm 
NL Groningen Field = 2850 bcm 

US National Petroleum Council 2007 
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Unconventional gas activities 

Europe 
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Shale gas development 
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Concept of shale gas development 

Drill: $3.5 mio (2,600m TVD; 1,650 hor); 

Compl: $5.0 mio (14 frac); 

Tie-in: $0.2 mio.  Total:  $ 8.7 mi0 
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19 June 

2010 

Peter Burri 

VSP-ASP Convention 2010 
14 

14 

Shale Gas Fraccing 

Apache Horn River 10-frac:  2.4 million kg sand; up to 30 000 m3 water 
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19 June 
2010 

Seismic monitoring of fracs 

Microseismic (Plan view) 

 

Apache  

Fracture Results 

Horn River Basin 

 
Fracs: 0.5 - > 1 km 

 

Magnitude:  

1.5 – 2.5 Richter = 

Large lorry passing 

by your house 

 

100s K every year 
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Reducing surface footprint 

16 wells per pad, going to 32  

Early US development practices are no longer acceptable. 

Industry is working towards continuous reduction of surface footprint by, for example 

increasing no. of wells per pad.  

Innovative solutions will be required for many environmentally sensitive areas  
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Minimizing Environmental Footprint by Maximizing Pad Usage 
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SIMOPS at Shell’s Pinedale Warbonnet 13-10 PAD  

4 Active 
Producing 
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Rigging Up a 
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Active 

Production 

Facilities 

Horizontal wells 

Vertical  wells 



Earth and Environmental Sciences 

Water management challenges 

• Access 

• Transport 

• Treatment 

• Disposal 

• Community Relations 
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Groundwater protection 
• Key is to collect data early …and use 

the data.  

– Characterize groundwater 

systems / properties. 

– Determine aquifer vulnerability 

– Identify mitigation for potential 

sources of impact. 

– Have an aquifer monitoring 

programme in place. 

• Most incidents relate to surface spills 

of hazardous fluids. 

– Aim for pitless operations. 

– Implement secondary 

containment barriers. 

– Have spill prevention plans in 

place and conduct regular 

inspections. 

• Implement appropriate casing design 

and cement practices 

– Set casing below deepest 

groundwater. 

– Cement recipe and quality 

control is critical. 

– Cementing practices and crew 

competency is key for success. 
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Fluids used in Slick Water hydraulic 

fracturing 

Source: Energy in Depth 

• Shell supports disclosure of all additives 

information 

99.51% 

0.49% 

WATER AND SAND 
ADDITIVES 

GUAR GUM / HYDROXYETHYL CELLULOSE 
ETHYLENE GLYCOL 
SODIUM / POTASSIUM CARBONATE 
SODIUM CHLORIDE 
BORATE SALTS 
CITRIC ACID 
N,N-DIMETHYL FORMAMIDE 
GLUTARALDEHYDE 
ACID 
PETROLEUM DISTILLATE 
ISOPROPANOL 
POTASSIUM CHLORIDE 

Compound Purpose Common Application 

Acids Helps dissolve minerals and initiate 
fissure in rock (pre-fracture) 

Swimming pool cleaner 

Glutaraldehyde Eliminates bacteria in the water Disinfectant; Sterilizer for 
medical and dental equipment 

Sodium Chloride Allows a delayed break down of the 
gel polymer chains 

Table Salt 

N, n-Dimethyl 
formamide 

Prevents the corrosion of the pipe Used in pharmaceuticals, 
acrylic fibers and plastics 

Borate Salts Maintains fluid viscosity as 
temperature increases 

Used in laundy detergents, 
hand soaps and cosmetics 

Polyacrylamide Minimizes friction between fluid 
and pipe 

Water treatment, soil 
conditioner 
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Frac Mapping 

The graph illustrates the fracture top and bottom for all mapped treatments performed in the 
Barnett since 2001. 
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Urban Drilling 

Data source: Chesapeake 
Energy Corporation  - 2008 
Annual Report 

A Chesapeake-operated rig 
drills near downtown Fort 
Worth. The best Barnett 
Shale in the entire play lies 
beneath urban and suburban 
Tarrant County, home to 
more than 60 municipalities 
and 1.7 million people. 
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Dallas Fort Worth International Airport development 

Data source: Chesapeake Energy Corporation  - 2008 
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Urban drilling in Fort Worth 

Data source: Johnson Rice Energy Conference 
Carrizo Oil & Gas, Inc. October 6, 2010 
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Moratoria world-wide 
Country Start date Status 

Australia - NSW In place until 

April 2012 

Election promise of government 

Applies to fracking only 

Bulgaria January 2012 Parliament vote 

Canada - Quebec March 2011 Cabinet decision 

France 2011 Parliament vote 

Germany (defacto) 2011 Water study to be completed 

Netherlands (defacto) 2011 In place until outcome of study on 

impacts of UCG development, 

expected Q3 2012 

Northern Ireland February 2012 Parliament vote 

South Africa March 2011 Cabinet 

USA –New York State 2010 Environmental analysis – pending 

outcome 
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Key reports & studies 
Number and frequency of governments “studying” 
environmental issues around unconventional gas is increasing.  
Several critical reports for the Industry being worked at present: 

• EU Parliament Energy Committee report 

• EU Parliament Environment Committee report 

• Dutch government report 

• German state reports on water issues 

• US EPA report 

• UK Royas Society of Engineers 

• New Zealand Parliamentary commission 
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Le sous-sol comme 

ressource au service 

de la ville. 

Le projet Deep City 

•Prof. Aurèle PARRIAUX 

EPFL 

CYCLE DE FORMATION ÉNERGIE – ENVIRONNEMENT 

SÉMINAIRE 2012-2013  
Université de Genève 



Notre thèse 
“Le développement durable 

des villes ne pourra être 

atteint sans avoir recours de 

plus en plus à la 3e 

dimension en profondeur” 



Leçons du passé 

• Exemple de Mexico-City 



Affaissement de la ville 



 

0 

5m 
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Conclusion principale du 

volet “Leçons du passé” 

• “L’approche sectorielle” est la 
principale raison de la non-

conformité avec les principes du 
développement durable.  

  

 



Approche 

sectorielle 

dans l’usage 

du sous-sol : 

Exemple d’un 

cas typique 



Principe du projet DEEP CITY  

  “Seule une approche planifiées multi-

usage permet d’exploiter l’entier du 

potentiel de ressources du sous-sol de 

manière durable” 



Les quatre resssources principales 

du sous-sol urbain 



Approche multi-

usages 



Concept multi-usages 

 

 

 

 
Lessons of the past 

Human acceptability Multiple-uses 
Methodology of  

underground  

development 

Case study Geneva 

Test on Swiss cities 

Analyses des interactions à 

long terme selon le concept 

multi-usage des ressources 

(interactions positives ou 

négatives) => 

 

Qu’est ce qui est compatible 

avec quoi et ceci selon quelles 

conditions aux limites 

=> Règles générales 



Synergies et conflits 

Espace et ressource en eau 
2 variantes pour le RER CEVA 

(Genève) Espace et géothermie 



Matrice des interactions 

D’après Blunier 



Rapport 

complet 

DEEP CITY 



De la théorie à la pratique 

• Plan légal : contacts avec l’Office fédéral 
du développement territorial afin 
d’introduire la 3e dimension souterraine 
dans l’aménagement du territoire 

 



Nouvelle mission pour 

l’Aménagement du territoire 

A l’échelle du pays : 

Principes dans une loi 

 

A l’échelle des agglomérations : 

L’introduction  de la 3e dimension 
implique de nouvelles tâches pour les 
professionnels de l’aménagement 

 4 étapes principales 



Etape 1 : le modèle 3D 

- Collection des données géologiques 

- Collection des infrastructures souterraines 
existantes 

-  Stockage sous une forme utilisable 

-  Etablissement du modèle  3D du sous-sol 

 

 



Etape 2 : management à long 

terme des ressources 

- Potentiel propre de chaque ressource possible 

prise isolément (espace, géomatériaux, 

géothermie, eau de boisson)  

- Potentiel intégral multi-usages par optimisation 

des synergies et minimisation des conflits (selon 

la méthodologie Deep City)  

C’est l’étape principale! 
 



Etape 3 : Evaluation des 

ouvrages existants 

• Les ouvrages existants sont-ils 

compatibles avec le développement 

durable ? 

• Si non, planification de leur abandon ou 

leur adaptation (on ne peut pas 

simplement détruire comme en surface) 



Etape 4 : Evolution dynamique 

• Evolution dynamique de 

l’aménagement du sous-sol selon : 

• - de nouvelles données 

• - de nouveaux besoins 

•  - de nouvelles technologies 

• - de nouvelles conditions socio-

économiques etc. 

 



Conclusion 

Cette manière plus holistique de 
considérer le sous-sol sous la 
ville devrait être adoptée sans 

délai par les urbanistes et tous les 
acteurs de son futur. 

C’est urgent ! 

Tard risque d’être trop tard ! 

 



Deep City : et après ? 

• Achèvement du projet Deep City China 

(2013) 

• Nouveau doctorat (2012-2016) sur 

l’application de la méthodologie Deep City 

sur des grandes villes de la Planète dans 

des contextes très différents (géologie, 

taille, niveau socio-économique, 

gouvernance etc.). 



La gestion du 

sous-sol a 

besoin de la 

Géologie. 

 

Peut être vous 

aussi … 

 

Nouvelle édition 
http://ppur.epfl.ch/ 


