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Problem Statement

« Unconventional reservoirs persevere unigue features:
* Extreme low matrix permeability
 Discrete/continuous fractures
« Connected/isolated pores
« Scale and structural heterogeneity can lead to
preferential flow paths — complex flow events, variations

In pressure and composition.
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Approach

« Anomalous Diffusion: Fluid transport in fractured media
with complex geometry is similar to diffusion in
disordered media.
« Utilize anomalous diffusion to:
« Describe flow in matrix while flow in natural
fractures follows normal diffusion.
» Describe flow in both matrix and natural

fractures.
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Approach

* Flux law as presented by Raghavan and Chen (2013)

— Fractional flux:

. k, 01~¢ (ap)
¥ op oot \ox
*a<l

* o = 2/(2+6), 0 Is the anomalous diffusion index.

- Note here that: k, = LT~
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Approach

* Dual porosity idealization:

 Cylindrical system

Spherical matrix (r.,)

Radial flow

Line sink
Matrix: AD
Natural fractures: ND/AD

Figure 1: Dual Porosity Medium in
Cylindrical System (Ozkan 2011)
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Approach

» Extending the solution to:

 Horizontal well

: ( CTTTTTTTTI T oo Tl
* Multi-stage fractured gV [II e |
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FRACTURE
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« SRV is DP region

NATURALLY —1- DUAL
FRACTURED iy it POROSITY,
—= 2-D SYSTEM

HORIZONTAL WELL

Figure 2: Tri-linear DP Model (Ozkan et
al. 2009)
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Approach

 Derivation:
1 k af 61_“f apf
)RaR u otl-« 9R

A~ 2 am L m7

d
) + q\m (¢Ct)f pf

or,

) 2 kg 017M (apm)
Qm = —

he w ati-em \ gr

f = natural fractures, m = matrix
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Approach

« Derivation:
0P¢p
3) Rp aRD< b 6RD>
af —am af —1
2kamXF 77f> = -1 1 'mD lgm (Uf) _
of —am — 1|+ |3 af-1 =0
S{ hekof (Xﬁ ’ Tmp [Tanh(y/BmTmp ) XF ’ bro

f(s)
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Approach

* Verification vs. Previous Models

1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7
t, hrs

¢ TLM-H =—TAD-H X TF_M_NF-H

Figure 3: Verification - Homogeneous Reservoir
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Approach

* Verification vs. Previous Models

1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7
t, hrs

¢ TLM-DP =—=TAD X TF_M_NF-DP

Figure 4: Verification — DP Idealization
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Approach

* Verification vs. Tri-linear Model

1E+3
t, hrs

)\ =20, w=5.41E4 = \=50, w=2.16E-4 e\ = 250, w = 4.33E-5 A=500, w=2.16E-5
¢ ADMNF1 ADMNF2 ¢ ADMNF3 ADMNF4

Figure 5: Verification with Tri-linear Model
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Planned work

« An elucidation of the anomalous transport in light of
petroleum engineering.
« Extend the solution to conventional models.

 Verification and sensitivity analysis.
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* Providing alternatives to dual-porosity models for
unconventional reservoirs.

« Applying fractals and anomalous diffusion models to
unconventional reservoirs (d;).

* Impact on petrophysical interpretations, pressure
transient analysis, description of natural and hydraulic
fractures, numerical simulation models and phase

behavior studies.
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Thank you
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