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SHARING & LEARNING PHILOSOPHY 

άDƛǾŜ ŀ Ƴŀƴ ŀ ŦƛǎƘ ŀƴŘ ƘŜ ǿƻƴΩǘ ǎǘŀǊǾŜ ŦƻǊ ŀ 
day, teach him to fish and he will feed 
ƘƛƳǎŜƭŦ ŦƻǊ Ƙƛǎ ŜƴǘƛǊŜ ƭƛŦŜέ 

     Chinese proverb 

ά{ǳŎŎŜǎǎ Ґ ƪƴƻǿƭŜŘƎŜ Ҍ ŜŦŦƻǊǘ Ҍ ǎǘǊŀǘŜƎȅέ 
    Χ and a little bit of luckΧ 

   from experience  

ά!ǘ ƭŜŀǎǘ ƎŜǘ ƻƴŜ ǇǊŀŎǘƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ŦǊƻƳ 
ŜǾŜǊȅ ǎƭƛŘŜέ 

     My expectations 
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ROADMAP ς BOTTOM-UP METHODOLOGY  



Despite industry has defined long time ago that unconventional reservoirs are 
those that have permeability to gas lower than 0.1 mD, a better description is 
needed  

Definition actually comes from government for tax reduction program purposes   

One common categorization (and very broad by the way) is: 

Tight sandstones 

Organic rich shale reservoirs  

CBM 

Hydrates 

Tar sands and extra heavy oil sandstones 

In order to understand the reservoir, need to consider: 

Hydrocarbon generation 

Migration if any 

Hydrocarbon storage  

Flow mechanism 

Structural discontinuities 

¢ƘŜƴ ŎƻƳǇƭŜǘŜ ŀƴŘ ǎǘƛƳǳƭŀǘŜ ǘƘŜ ǿŜƭƭΧ 

UNCONVENTIONAL RESERVOIRS 



ORGANIC RICH SHALE RESERVOIRS 
Hydrocarbons are generated, stored and trapped in the same rock 

Definition of shale based on grain size rather than mineralogy composition (grains size < 
1/256 mm) 

In our case focus of siltstones (high quartz content). Low clay content. Carbonates are welcome! 

Preferably high pore pressure 

Low porosity (<12 %) and extremely low permeability. Kv = +/- 0.01 Kh  

Free, adsorbed and dissolved gas. Ratio depends on rock type    

High lamination in some areas = prone to break easily     

Due to its extremely low permeability, hydrocarbons did not 
have enough time to migrate  

As there is very low effective porosity there is also extremely low permeability  

Presence of organic material not converted to hydrocarbon (kerogen)     

Flow mechanisms: Darcy´s flow is the exception rather than the rule.  
¢ƘŜǊŜ ƛǎ ƭƛŦŜ ƻǳǘǎƛŘŜ 5ŀǊŎȅΩǎ ǿƻǊƭŘΗ 

Storage: pore volume, natural fissures and adsorption in the organic & inorganic material   

Shale types: 

Shale gas     

Shale oil   

Tight oil 

Shale oil definition reserved for tar / bitumen reservoirs  

Source rock, trap & 
reservoir 

Source: Jobe, 2011  



ORGANIC RICH SHALE RESERVOIRS 
Rock mineralogy = brittleness 

Mainly composed of siliceous, carbonaceous and 
argillaceous compounds   

For our purposes rock should have more than  
30 % quartz content. Detrital quartz provides higher 
porosities. Quartz porosity directly related to free gas  

If quartz is low, carbonates must be high in replacement 

We do not want clays at all!      

Reservoir model  

SGR: gas is produced from the shale itself  

TOR: oil/condensate & gas is mainly produced from 
carbonate or sandy section in contact with organic shale     

 

Source: SPE 136183  

Formation Fluid type Reservoir rock description 

Barnett Dry / wet 
gas 

Reservoir made of siliceous and calcareous mudstone with 
variable amounts of limestone, minor dolomite and clays   

Marcellus Dry / wet 
gas  

Thinly bedded blackish shale with thin silt bands. Mainly 
quartzite with minor carbonates and clays   

Bakken Oil Three layers, upper and lower are organic rich shale. Middle 
member is sandstone / limestone   

Eagle ford Oil, wet / 
dry gas 

Composed of calcareous mudstone and chalk . Thinly 
interstratified siltstones, dolomites , shale  and limestones  

Woodford Oil / gas Horizontally bedded and highly laminated, quartzite and 
carbonate mudstone 

Source: Diaz, 2012 

Source: Bridges, 2011 



In SGR, total gas composed of three sources      

Free gas. Only small molecules can fit inside (methane, ethane)  

Matrix gas = f(por, Sw, Sg, P, T). Organic and inorganic pores 

Micro and nano fissures gas = f(por, Sw, Sg, P, T). Probable partly 
has migrated 

Sorbed gas = f(kerogen, non swellable clays, P, T). Produced at 
later time as it requires low pressure. Some volume probably 
close to the wellbore as pressure drawdown is high 

 

Source: Loucks, 2009 

HYDROCARBONS STORAGE IN SHALE GAS 

Source: Williams, 2012   

Source: Li, 2011 



In TOR, hydrocarbons are stored in void spaces which include 
pores and fissures. Larger molecules = bigger pore sizes 

Can produce from dry gas to condensate (high API) 

Matrix oil = f(por, Sg, Sw, So, P, T). Only those molecules with lower 
viscosity can flow thru the matrix 

Micro and macro fissures oil = f(por, Sg, So, Sw, P, T). Oil production 
not only from natural fractures as volume is limited  

Dissolved gas = f(por, Sw, So, GOR). Low in water but high in oil 

 

Source: Bustin, 2009  

Source: Zoback, 2011   

HYDROCARBONS STORAGE IN TIGHT OIL 

Source: Jarvie, 2008 

Source: Hendricks, 2012 

Source: Slatt, 2011 

Source: Pitman, 2011 

Source: Hendricks, 2012 



Source: Nelson, 2009 

1 µm = 1 E-06 m = 0.001 mm 
1nm = 0.001 µm = 1E-09 m 
1 Angstrom = 0.1 nm    

THE NANO WORLD IN PERSPECTIVE 

Source: Jarvie, 2008 

Conventional oil & gas   
Dpore җ 1 µm 
K җ 1 mD 

Tight gas 
1 ҡƳ җ Dpore җ 10-3 µm 
1 mD җ K җ 1 µD  

Shale gas 
1 ҡƳ җ Dpore җ 10-3 µm 
10-9 mD җ K җ 10-3 mD  



MASS TRANSFER AND FLOW REGIMES  
Complexity and heterogeneity of pore structure   

tƻǊŜ ǘƘǊƻŀǘǎ ŀƴŘ ƳŜŀƴ ŦǊŜŜ ǇŀǘƘΦ YƴǳŘǎŜƴΩǎ ƴǳƳōŜǊ    

Dry gas. Four main types of transport 

Free molecule or Knudseńs flow 

Collision of molecules with pore walls matters 

0 < Kn Җ лΦллм Ґ ƴƻ ǎƭƛǇ Ŧƭƻǿ 

0.001 < Kn Җ 0.1 = slip flow. YƭƛƴƪŜƴōŜǊƎΩǎ effect on k  

0.1 < Kn Җ 10 = transition flow  

Kn җ 10 = free molecular 

Viscous flow (bulk/continuous flow)  

Fluid driven by pressure gradient. Collisions between molecules dominate 

5ŀǊŎȅΩǎ flow. Re < 1. If Re җ м 5ŀǊŎȅ ƛǎ ƴƻ ƭƻƴƎŜǊ ǾŀƭƛŘΦ 

Inertial flow. CƻǊŎƘƘŜƛƳŜǊΩǎ eq. 200 < Re < 300 

Turbulent flow. Re > 350    

Ordinary (continuum) diffusion 

Different species moves due to concentration, temperature and other external force 
gradients. Diffusion dominated by collisions between molecules   

Surface flow 

Molecules move along a solid surface on a adsorbed layer   

 

Source: Roy, 2003 

Source: Moridis, 2011 



MASS TRANSFER AND FLOW REGIMES  
Wet gas and / or condensate. Multiphase flow 

Free molecule or Knudseńs flow 

Bigger molecules in same pores makes this flow difficult. Only possible in bigger pores   

Viscous flow (bulk/continuous flow)  

Hydrocarbons viscosity is several orders of magnitude larger than gas one and permeability still is very 
low. Reason for only having high API condensate in production stream    

Most of the hydrocarbon flow will be in this regime 

Coexistence of phases (three after fracturing and two after frac water vanishes), relative permeability 
issues are important. Different relative permeability curves in matrix and fissures. Extremely difficult to 

measure in the lab. Best results from rock physics modeling      

Diffusion and desorption have a minor role 

PVT behavior in small cavities (pores) is different to conventional. Other forces need to be considered    

 

Source: Ingrain, 2010 

Source: Ingrain, 2011 



FLOW FROM MATRIX TO WELLBORE ς SHALE GAS  
Shale gas mass transfer process  

aŀǘǊƛȄ Ǝŀǎ Ŧƭƻǿǎ ǎƳŀƭƭ ŘƛǎǘŀƴŎŜǎ ǳƴŘŜǊ YƴǳŘǎŜƴΩǎ ŦƭƻǿΦ   

When gas reaches fissure walls, gas gets into them under diffusion and viscous flow. Still nano-
fissures has extremely low width for accepting large gas flow. All fissures conform the network. 
The greater the SRV the smaller the matrix blocks and the larger the matrix surface exposed to 
fissures thus making significant gas flow   

Large number of fissures feed into secondary and main hydraulic fracture. Basically viscous flow 

At early time multiphase flow at wellbore (gas + water). Potentially some turbulence depending 
on gas rate. Desorption occurs at later time during well life when pressure drawdown is large         

Source: Tella, 2011 

Source: Pollastro, 2007 


