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Introduction

Where are hydrocarbons stored?

e Horizontal drilling and hydraulic fracturing have made oil and gas
extraction possible in nanoporous shale plays.
e Hydrocarbon recovery from shale reservoirs is less than 10%.

Modified from Huang and Zhao (2017)



Introduction

Shale rocks in the U.S.

Fayetteville

Taken from Curtis et al. (2010)



Introduction

How large are the pores?
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Modified from Curtis
et al. (2010)




Introduction

Making sense of the scale

Human hair

20kV  X1,000 10pm

Modified from Alahmmed et al. (2017)



Introduction

Making sense of the scale

Human hair
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Modified from Alahmmed et al. (2017)



Introduction

How can we recover more hydrocarbons?

cm mm to pum

sm

e Can we re-inject part of the produced gas
to extract more hydrocarbons? Would it
work?

Modified from Huang and Zhao (2017)



Introduction

How can we recover more hydrocarbons?

sm

cm mm to pum

e Can we re-inject part of the produced gas
to extract more hydrocarbons? Would it
work?

e Why or why not?

Modified from Huang and Zhao (2017)



Molecular model of organic matter  Fluids
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Molecular model of organic matter ~ Porous organic matter

Kerogen + black oll

T = 355 K (150°F) and P = 300 atm (4400 psi)
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Molecular model of organic matter ~ Porous organic matter

Kerogen + black oll
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Molecular model of organic matter ~ Porous organic matter

3D pore network




Molecular model of organic matter ~ Microfracture insertion

Kerogen + black oil 4+ microfracture

T = 355 K (150°F) and P = 300 atm (4400 psi)
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Primary depletion Initial fluid composition

Produced fluids depend on in-situ fluid composition
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Primary depletion Initial fluid composition

Not all species are produced

Black oil

Volatile oil
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Primary depletion

Production time

Production during primary depletion
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The species produced during primary depletion are mostly methane, ethane,

propane and n-butane.

The molecular weight of the produced fluid increases with production time.
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Primary depletion Non-produced molecules

Non-produced n-butane molecules
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Primary depletion Non-produced molecules

Non-produced n-octane molecules
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Enhanced oil recovery

Kerogen + black oil 4 solvent

Solvent: C;:C, mixture (72:28 mole fraction)
T = 355 K (150°F) and P = 300 atm (4400 psi)
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Enhanced oil recovery

Kerogen + black oil 4 solvent
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Solvent: C;:C, mixture (72:28 mole fraction)
T = 355 K (150°F) and P = 300 atm (4400 psi)
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Enhanced oil recovery ~ Soak period

Non-produced n-octane molecules (no solvent)
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Enhanced oil recovery ~ Soak period

n-octane molecules (with solvent)

18



Soak period

Enhanced oil recovery

Dimethylnaphthalene molecules (with solvent)

x

19



Enhanced oil recovery Production stage

Qil recovery during huff-and-puff

Oil recovery (%)
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Enhanced oil recovery

Overall oil recovery

Production stage

25¢ — f‘”H.
/o/k’k""’

< 20 ¥

oy

S 15

]

3

= 10}

© -o- Primary depletion
5 Soaking time: 3 ns 1
of -e- Soaking time: 6 ns |

0 2 4 6 8 10 12

Production time (ns)

21



Conclusions

Conclusions

e Molecular simulations agree with experimental observations.
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Conclusions

Conclusions

e Molecular simulations agree with experimental observations.

e Hydrocarbons are differentially produced during both primary and
secondary recovery.
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e Hydrocarbons are differentially produced during both primary and
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e Lighter species are produced at early times whereas heavier ones are
produced later.
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Conclusions

Conclusions

e Molecular simulations agree with experimental observations.

e Hydrocarbons are differentially produced during both primary and
secondary recovery.

e Lighter species are produced at early times whereas heavier ones are
produced later.

e The molecular weight of the produced fluids increases with production
time.
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Appendix

Kerogen type II-C

C:242H219013N552
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After Seewald (2003)
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Appendix

n-tetradecane molecules (with solvent
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Toluene molecules (w
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