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Abstract

Tight gas reservoirs are notoriously difficult to characterize using laboratory-based methods because of: the existence of
heterogeneity at several scales; fine pore structure that may not correlate to depositional controls and environment due to the
impact of diagenesis; stress sensitivity of porosity and permeability; sensitivity of permeability to fluid saturation; and non-
Darcy flow effects under laboratory conditions, etc. Porosity, pore size distribution and permeability are correspondingly
difficult to measure in the laboratory and upscale to reservoir scale. A promising technique to characterize flow heterogeneity
in tight gas reservoirs is to relate permeability to dominant pore throat size; permeability is measured using steady- or non-
steady-state techniques and dominant pore size is typically estimated using the mercury intrusion method. Permeability and
porosity is measured on full-diameter core or core plugs which may contain heterogeneities that are at a much finer scale than
the sample size, resulting in composite estimates of both properties.

We investigate the use of non-routine methods to characterize permeability heterogeneity and pore structure of a tight gas
reservoir for use in flow unit identification. Profile permeability is used to characterize fine-scale (< 1 inch) vertical
heterogeneity in a tight gas core; over 500 measurements were made. Profile permeability, while useful for characterizing
heterogeneity, will not provide in-situ estimates of permeability; further, the scale of measurement is much smaller than log-
scale. Pulse-decay permeability measurements collected on core plugs under confining pressure were used to correct the
profile permeability measurements to in-situ and point averages of profile permeability were used to relate to log-derived
porosity measurements. Finally, a new method (for tight gas) was used to estimate the pore size distribution of several tight gas
samples: N2 adsorption. A uni- or bi-modal distribution was observed for the samples, with the larger peak corresponding to
the dominant pore throat radius, as inferred from the rp35 calculations. Further, the adsorption-desorption hysteresis loop was
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used to interpret the dominant pore shape as slot-shaped pores, which is typical of many tight gas reservoirs. The N2
adsorption method provides for rapid analysis and does not suffer from some of the same limitations of Hg-injection, however
the method is limited to fine pore structures (< 1,000 nm).
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Cross-Section — Computed Porosity
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Cross-Section — Computed Porosity
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STOCHASTIC 3D POROSITY MODEL
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STOCHASTIC 3D POROSITY MODEL
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Sedimentary Facies — Flow Units
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Routine Core Permeability and Porosity

1 ! } | |

e 37 full diameter core analysis of porosity
and permeability (K. .., Koo and K. 1ica)

e 24 measurements below 0.01mD lower
resolution of instrument

a
E
>
E
(1]
Q
E 01
a /
=
2 D of
"3 ® ® ®
EE ® o0 ;/n

0.01 o-o—o—.-o—m—.—m—.éo

0 0.02 0.04 0.06 0.08 0.1
Routine Porosity (Fraction)




Depth (m)

Slip-Corrected Probe Permeability

Probe Permeability (mD)
0.0001 0.001

2195

2197

2199 -

2201 +

2203

2205

2207 +

2209

2211 -

2213 1

2215

0.01

0.1

a

_ Lower Facies

Detection limit

E R E0 @A B B

|

16.1nD

16.6nD

27.8nD

16.3nD

47.5nD

8.6nD

10.8nD

7.7nD

19.5nD

24.4nD
17.4nD
19.2nD
17.2nD
15.2nD
24.1nD
593 probe
permeability
measurement
(2.5 cm
spacing)



Depth (m)

Slip-Corrected Probe Permeability

Probe Permeability (mD)

0.0001 0.001 0.01 0.1

2195

2197

2199 -

2201 +

2203

2205

2207 +

2209

2211 -

2213 1

2215

a

_ Lower Facies

Detection limit

K range of 0.001 - 0.03mD |
at ambient conditions

BEE 8B B

|

16.1nD

16.6nD

27.8nD

16.3nD

47.5nD

8.6nD

10.8nD

7.7nD

19.5nD

593 probe
permeability
measurement
(2.5 cm
spacing)

17.4nD

19.2nD

17.2nD

15.2nD

24.1nD



k =0.008 md

Reservoir Heterogeneity
Sampling Density

k =0.006 md
sD(k) = 0.005 md sD(k) = 0.003 md
C,=0.6 C,=0.5
N, = 34 . N, = 30
N =296 0“ PS R
SoB)e ¢ &
& » %
5 001 - ~: .
o L 4 ’0 0$ 20? 0’1
> *
E . P oA 0‘0’ * (G
2 e &
4 M
0.001 &
0.0001
2198 2200 2202 2204 2206 2208 2210 2212 2214 2216 2218

Shifted core depth, m

¢ Top e Bottom



[ ] [
Reservoir Heterogeneity
[ ] [ ]
Sampling Density
k=0.008md k=0.006 md
SD(k) = 0.005 md SD{k} = 0.003 md
€-05 £,=0.5
N, = 34
N= 296
- 0.01 -
E
£
a
@
°
L
g . X 3
i v
§ ’% E
E 0.5 K3 'E
[¥5)
0 ' : 2204 2206 2208 2210 2 0 T !
& . L Shifted core depth, m 0 0.5 1
Lag, m Lag, m
¢ Top = Bottom

Notes by Presenter: Here are a few statistics about these two intervals. Averages are statistically similar but the top is more variable than the

bottom. The Cv = SD(k)/avg k suggests the top is a little more heterogeneous. No is a ‘rule of thumb’ number of measurements to estimate the
average within 20% for 95% of the time. Actual number of measurements taken is about 10 times that needed for the average. Overall impression is
that top and bottom perms and variabilities are similar and intervals are well sampled.



Profile Permeability
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Facies Control on Loss of Porosity
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Flow Unit Identification

Core Plug Pulse-Decay Permeability vs. Porosity Data at Reservoir NOB
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Flow Unit Identification

Uncorrected probe permeability data versus well log density porosity

Probe k vs. Density Porosity
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Corrected to in-situ reservoir stress probe
permeability data vs. density porosity

Probe k corrected to in-situ vs. Density Porosity
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Corrected to in-situ reservoir stress probe
permeability data vs. density porosity

Profile k vs. Pulse-Decayk
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Corrected to in-situ reservoir stress probe
permeability data vs. density porosity
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Core Plug Pulse-Decay k and Porosity

Probe data can be used to identify
dominant hydrological flow unit or units,
given that lithology dependent
compressibility has been taken into

account

Slip flow is likely dominant, i.e. modified
Darcy model or diffusion-based model
needed to characterize gas flow
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Core Plug Pulse-Decay k and Porosity

Probe k corrected to in-situ vs. Density Porosity
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Core Plug Pulse-Decay k and Porosity

Probe k corrected to in-situ vs. Density Porosity
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Core Plug Pulse-Decay k and Porosity

Probe data can be used to identify
dominant hydrological flow unit or units,
given that lithology dependent
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needed to characterize gas flow
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Core Plug Pulse-Decay k and Porosity

Probe k corrected to in-situ vs. Density Porosity
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Conclusions

Routine core analysis performed on full diameter core is not useful for
characterizing the subject tight gas siltstone reservoir due to:

— the highly heterogeneous character of the reservoir
— measurements are not performed under reservoir conditions

Profile permeability data are very useful for quantifying fine scale
heterogeneity (laminations)

— Although more data still need to characterize it

Profile permeability measurements require correction to in-situ stress
conditions for use in flow unit identification.

— Pulse-decay measurements on core plugs under reservoir conditions,
appear to be useful for correcting the profile measurements

N2 adsorption measurements can be applied to fine-grained tight gas
reservoirs to identify dominant pore sizes

— consistent with rp35 calculations and mercury intrusion measurements

The dataset studied appears to correspond to a single flow unit, with a
fairly narrow range of permeability for each porosity
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