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Presentation outline

Recapitulation of last report
Motivation and objective

Depressurization of a light oil (Eagle Ford)

Depressurization of a retrograde gas (Synthetic)

Conclusion
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Recapitulation: Evaporation of n-pentane

Evaporation of nC5 in micro- & nanochannels at ~20°C (68°F).

Wil

Nanochannels Filled with Liquid Partially vaporized Completely vaporized.
3 consecutive images taken at 0.05 s interval. Tb ntne = 36°C (97°F).
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Recapitulation: Evaporation of a ternary mixture

Experimental condition: nC4 (0.155), iC4 (0.045), nC8 (0.80),
12.4 psia, 345K (161.3°F)

# Nano: T=345K,P=85260Pa
A Micro: T=345K,P=85260Pa
O Actual feed point

76.52 vol%
= 3/4

Tb-nC8=398K (257°F)
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Recapitulation: Validation of flash calculation

7 nC4-nC5-nC8 (0.4/0.2/0.4)

Input
Bubble point line 1 T,P, Z, Tc, Pc, w, &;, Po,

Vapor fraction 0.50 line 5 -
Dew point line 7 0

Initial K; with Wilson’s equation

K Negative flash using
Rachford-Rice equation

i Oijr

T T T
300 400 500
Temperature, K

Pressure, Pa

300 350 400 450 500
Temperature, K

Sigmund et al., 1973; Brusilovsky, 1992; Shapiro and Stenby 2001
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Recapitulation: Summary

When the pressure of an oil-saturated porous medium is reduced

, and

must be simultaneously considered to

predict the state of phases in pores of given sizes.
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Motivation and objective

+ Existing phase behavior models only use a single pore size, effect of pore
size distribution hasn’t been investigated.

Pore connectivity is complex in real rocks.

Conceptual model that
considers pore connectivity and
critical gas saturation ( )

CGS DE
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Porous medium and light oil

(Courtesy of Dr. Honarpour.)
>50 nm (0.011) Fluid composition — a light oil (Eagle Ford)

Liquid Specific Gravity =
Liquid Viscosity =

o Solution GOR

(0.403) > N, 0.007
» CO, 0.023
> Cl 0.330 Formation temperature
» C2  0.050 =

Pore size > C3  0.053

10 nm distribution

> i1C4  0.060 Pb with no confinement
(0.299)

» nC4 0.067 =

> iC5 0.070

> nC5 0.080 IFT @ Pb =
> nC6 0.110

> C13 0.150

(Gong et al. 2013)
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Constant composition expansion (CCE) of light oil

X Small pores Small pores
Assumptions: @)

2

Virtual piston

Large pores Large pores

) Q)]

Initial state Expansion
Excess gas

Small pores

()

Virtual piston

Vaporization of liquid in large pores completed
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DE of light oil with CGS

Assumptions:

Virtual piston
Virtual piston

Initial state Expansion ..
© P Excess liquid

Yellow: gas;

[=] =]
Q Q
S S
2 z
o, (=%
E E
£ =
> >

Excess liquid removed Critical gas saturation exceeded
Firoozabadi et al., 1992; Kamath and Boyer, 1995
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DE of light oil with CGS--Results

CCE

DE with CGS

Pressure when liquid in S0nm

pores is vaporized (1.1vol%)
Expansion ratio
Fluid in the excess volume

Liquid specific gravity

Liquid viscosity

IFT

Pressure when liquid in 25nm
pores is vaporized (40.3vol%)

Expansion ratio
Fluid in the excess volume
Liquid specific gravity
Liquid viscosity
IFT

1781 psia

1.018

Gas

0.554
0.104 cp
2.09 mN/m

193 psia

11.37

Gas

0.658

0.190 cp
11.60 mN/m

1810 psia

1.007
Liquid
0.552
0.103 cp
2.00 mN/m

1300 psia

1.295
Liquid
0.580
0.120 cp
3.90 mN/m
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Porous medium and retrograde gas

Pore size

distribution

Composition — a model retrograde gas
Gas Specific Gravity =
Gas Viscosity =

N,
o,
C1
C2
C3

>
>
>
>
>
> i
>
>
>
>
>

0.005

0.023 Formation temperature
0.731 =

0.089

0.036 Pd with no confinement
0.007 =

0.012

0.006

0.007

0.011

0.072
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CCE of retrograde gas with capillary pressure

Critical =~ Reservoir
oint X ‘condition Small pores Small pores

p
Rriie. o 6) @

® M_axk
Liqui Large pores Large pores
dropout| (1) ()

LiQuip || Initial state Max. liquid dropout t

+GAS |/ /Excess gas

' Small pores
(@)
Assumptions are the same as those

for CCE of light oil except:
Large pores

Q)

Virtual piston

Liquid re-vaporized with further pressure reduction
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DE of retrograde gas with gas liberation

Assumptions:

Virtual piston

Yellow: gas;

= =
<} S
- -
2} 4
=% o
= =
= =
= A=
> >

Excess gas removed More liquid condensed with
pressure drop
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DE of retrograde gas with gas liberation--Results

Pressure when 10nm pores are
filled with liquid

Expansion ratio
Gas specific gravity / viscosity
Liquid specific gravity / viscosity
IFT

Pressure when liquid
saturation reaches maximum

Expansion ratio
Maximum liquid saturation
Gas specific gravity / viscosity
Liquid specific gravity / viscosity
IFT

A

CCE
5440 psia

1.013

1.06 / 0.050 cp
0.447 / 0.065 cp
0.001 mN/m

4630 psia

1.117

32.55%
0.88/0.034 cp
0.519/0.090 cp
0.112 mN/m

DE with gas liberation
5440 psia

1.013

1.06 / 0.050 cp
0.447/ 0.065 cp
0.001 mN/m

4702 psia

1.091

RYWRE
0.89/0.035 cp
0.514/0.088 cp
0.093 mN/m
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DE of retrograde gas with gas liberation--Results

Pressure when liquid in 25nm
pores is re-vaporized

Expansion ratio
Gas specific gravity / viscosity
Liquid specific gravity / viscosity

IFT

A

CCE
2022 psia

2.22
0.73/0.017 cp
0.630/0.162 cp
3.66 mN/m

Differential Expansion
2022 psia

2.00

0.73/0.017 cp

0.630/0.162 cp
3.66 mN/m
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Conclusions

A

Nanofluidics experiments showed that, vaporization follows
the sequence dictated by pore size distribution, and the
composition of remaining fluid changes as the vaporization
by the modified flash

proceeds, which was
calculation.

For light oil, & have
effect on the point of phase transition in pores of
different sizes.

For retrograde gas, capillary pressure play a
significant role due to the very low IFT (for our particular pore
size distribution)

Considering the composition change during depressurization,
for both reservoir fluids, the pores will probably
always be with liquid.
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