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Shale gas in the south of France
Geological, hydrological and environmental questions
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Translation to English by David Smythe in sticky notes
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Where are the licences?
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What are the targets?

1 - Toarcian cardboard shales
2 - Autunian black shales
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Autunian black shale
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Seepages of petrol
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Corconne Fault
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Black shales seen near Lodève are mature (petrol seepages).
Presence of Permian basins (grabens) below the Mesozoic, burial of the base 3-4 km.
Existence of Autunian black shales unconfirmed below the garrigue (scrubland)



1/04/11 

5 

!"#$%&$'()*'+&$,$-.*/&0'*+1$23.+4&55*&0$6$,$67$2"0'$6899$

[82-.+*2,$+)&09*5.&$%&'$?"''*,'$

]"!^#()'A((

AD?-A#'A(

D+$#%.(

]"!^#()'A((

F&+DO(

A?+&'A(

i'.d#$'(e(?8-&'(

i'.d#$'(e(V+h(

F"0#"($

k(:'(M%+$D-'.()8(F"0#"(g(!+A()W?K)$%D+$,8$'A(

k(:W@8#8.-'.()8(:+$h+D(g(?K)$%D+$,8$'A(HAW-&('G-A#'(

A%8A(D%8<'$#8$'(oL(

!"#$%&$'()*'+&$,$-.*/&0'*+1$23.+4&55*&0$6$,$67$2"0'$6899$

[82-.+*2,$+)&09*5.&$%&'$?"''*,'$

]"!^#()'A((

AD?-A#'A(

D+$#%.(

]"!^#()'A((

F&+DO(

A?+&'A(

i'.d#$'(e(?8-&'(

i'.d#$'(e(V+h(

!"00*3.&'$

k(:'(M%+$D-'.()'A(3"00*3.&'g(!+A()W?K)$%D+$,8$'A(

k(:W@8#8.-'.(g(?K)$%D+$,8$'A(!%AA-,&'A(HA-(&'A(F&+DO(

U?+&'A(('G-A#'.#(A%8A(D%8<'$#8$'L(

dks
Sticky Note
Thermal evolution of basins
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Oil window

Gas window
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Larzac Toarcian: no hydrocarbons
Larzac Autunian: hydrocarbons (if it is present under the cover rocks!)
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Deposition of cardboard shales
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Deposition of black shales
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Toarcian of Alès-Ardèche: hydrocarbons possible
Apparently no Autunian
Carboniferous coal can produce gas
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Deposition of cardboard shales
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2 - fracking of the layer to improve the permeability and the flow of gas
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Hydraulic fracturing
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Fluids under pressure
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Target horizon (50 - 100 m)
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Surface aquifer (0 - 300 m)
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Increase of fluid pressure => fracture of the rock => micro-seisms around the well
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What are the risks for the environment?

Based on north American examples

dks
Sticky Note
Qualitative and quantitative deterioration of the underground and surface water resources

Modification of the countryside

Alteration of ecosystems

Air pollution

Sound pollution
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The three problems linked to water
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Problem of resource for the water needed
- Drilling: lubrication and return to surface of drill cuttings
- Hydrofracturing: conflict of interest (mining / agriculture / industry / consumption)

Probem of pollution of waters at depth
- fault in drill casing => escape into layers crossed (including aquifer)
- badly controlled fracking => escape of fluids (gas + hydrofracking) into layer above
- badly controlled fracking => reactivation of faults => drain: fluids into layers above

Problem of treatment of recovered water / pollution at the surface
- storage of drill-bit cuttings
- rise of fracking fluids: very variable volumes from 10 to 70%
- rise of resident fluids (natural, but loaded with toxic elements)
- treatment (treatment centres, evaporation, recycling, re-injection ... )
- spilling of contaminated liquids at the surface => runoff / infiltration
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Nature of the elements contained in the deep layers
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Brines in the deep aquifers
- salts: sulphurs, chlorides

Elements adsorbed by the clays which will be liberated during production
- radioactive elements Lead-210, Radium-226, Thorium-234 ....
- metals: lead, thallium ...
- arsenic, selenium

These elements can rise up through the well, by runoffs, natural or induced
- during the well drilling phase (several weeks)
- during the gas production (10 years)
- after production > 10 years ? . century ?
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dks
Sticky Note
What are the water resources of the region?

dks
Sticky Note
Mediterranean climate:
	intense rainy periods / dry summers

Karstic aquifers = principal resources
	severe floods / drouts
	rapid recharge (flushings)
	deep development

Deep faults
	connection of the aquifers
	drainage of underground water
	rise of natural fluids (hot water, Co2 ...)
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dks
Sticky Note
Vulnerability of different types of aquifer

dks
Sticky Note
Porous media

heterogeneous at the large scale
homogeneous at small scale

dks
Sticky Note
Cracked media

heterogeneous at the large scale
homogeneous at small scale

dks
Sticky Note
Karstic media

heterogeneous whatever the scale

dks
Sticky Note
Limestones +/- karstic

fractural water [blue]

clays

1-30 hours

dks
Sticky Note
Sand

Fractured granite

Free groundwater layer [in blue]

3-6 months

dks
Sticky Note
Sand

piezometric surface [red]

Free groundwater layer [in blue]

1 year
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dks
Sticky Note
Connection of aquifers

dks
Sticky Note
Karstic aquifers separated by thin impermeable layers

But connections possible via fault zones
(fracking => porosity => drain

dks
Sticky Note
clays and calcareous clays			Toarcian cardboard shale			Jurassic carbonates		Trias			Palaeozoic
IMPERMEABLE											KARSTIC AQUIFER
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dks
Sticky Note
Geological and hydrogeological knowledge acquired (notably by past hydrocarbons exploration) permits decisions to be taken today


dks
Sticky Note
Refusal to develop shale gas => refusal to explore???

dks
Sticky Note
More profound scientific knowledge necessary to face up to future demands on the use of the underground environment (potable and non-potable water, burial of waste, geothermal power ... )

dks
Sticky Note
Incomplete analysis of American practice
- link between geology and variability of environmental problems?
- transfer of geological context ? (dimension, faults, inversions ...)




