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Welcome!

The program will begin soon.
You will not hear audio until we begin.
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Multiple porosity/fractal/anomalous diffusion 
models, for heterogeneous complex reservoirs

Rodolfo Camacho-Velázquez

October 13th, 2022
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4

Fracture 
Characteristics
due to facies 

change

High fracture 
density

Platform

Reef
Slope

Guilt and Absolution in Naturally Fractured Reservoir 
Characterization:  The Cause and Devilish Effect of 
Heterogeneity, Wayne Narr,  SPE Distinguished 
Lecturer Program
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The 
pictur
e c…
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Traditional NFR, 
Dual-Porosity Model

Assumptions:

- Fractures at a single-scale

- Uniformly Distributed Fractures

- All interconnected fractures

M M

M M

M M

M M

M M

M M

M M

M M

Acuña & Yortsos, SPEFE 1995

Fractures occur on a wide range of scales. There
are areas with clusters or corridors of fractures and 
others where fractures are scarce.

dmf=1.78 dmf= 1.65 dmf= 1.47   

dmf= log(N) /log(L)

Fractal NFR, Single or Dual-Porosity 
Model
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The 
pictur
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Naturally Fractured Reservoirs

Traditional Dual-Porosity

Fractal Fractured-Vuggy
(3-2k)

Motivation

More general continuous models 
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The 
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Infinite Single-Porosity Fractured Reservoir 
Type 1 of Nelson 

R. Camacho-V., Fuentes, G., M. Vásquez: Decline-Curve Analysis
of Fractured Reservoirs With Fractal Geometry, SPEREE, 2008

Euclidean / Traditional Infinite Reservoir

Fractal Infinite Reservoir

7



10/11/2022

8

Results with fractal modeling
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OP-- O’ Shaughnessy & Procaccia. 1985. Physical Review;  MGN--Metzler et. al. 1994. Physica

long-time approximation with OP
long-time approximation with MGN 

,reD (drainage radius)= 500

MGN, reD=500
MGN, reD=2X103
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R. Camacho-V., Fuentes, 
G., M. Vásquez: Decline-
Curve Analysis of Fractured
Reservoirs With Fractal 
Geometry, SPEREE, 2008

1-ϕ Fractured Reservoirs, Decline Curves, Bounded 

}Fractal-Fractional}Fractal-Fractional

} Fractal} Fractal
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2- ϕ, Influence of reD, closed reservoir

Results with fractal modeling
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R. Camacho-V., et.al.: Decline-
Curve Analysis of Fractured
Reservoirs With Fractal 
Geometry, SPEREE, 2008

9



10/11/2022

10

1500

2000

2500

3000

3500

4000

4500

5000

0.0E+00 2.0E+04 4.0E+04 6.0E+04 8.0E+04 1.0E+05 1.2E+05 1.4E+05 1.6E+05 1.8E+05 2.0E+05

t (hrs)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

1500

2000

2500

3000

3500

4000

4500

5000

0.0E+00 2.0E+04 4.0E+04 6.0E+04 8.0E+04 1.0E+05 1.2E+05 1.4E+05 1.6E+05 1.8E+05 2.0E+05

t (hrs)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

B
o

tt
o

m
h

o
le

w
e

ll
b

o
re

 p
re

s
s

u
re

, p
w

f
(p

s
i)

O
il

 r
at

e,
 q

o
(S

T
B

/D
)

Production Time, t (hrs)

Field Pressure & Production histories Field Pressure & Production histories 

R. Camacho-V., et.al.: 
Decline-Curve 
Analysis of Fractured
Reservoirs With
Fractal Geometry, 
SPEREE, 2008
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Fig. 15. Rate normalized by the pressure drop versus time, field case.
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Fig. 15. Rate normalized by the pressure drop versus time, field case.
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Fig. 13. Pressure build-up test, field case.
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Fig. 13. Pressure build-up test, field case.
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R. Camacho-V., Fuentes, 
G., M. Vásquez: Decline-
Curve Analysis of 
Fractured Reservoirs With
Fractal Geometry, 
SPEREE, 2008

Rate Normalized by Dp
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Comparison of Traditional & Fractal Dual-Porosity models and their respective Productions
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Fractal Dual- Porosidad

Traditional Dual-
Porosidad 

Pressure Transient Analysis of a Field Case & Predicted 
Production Behavior
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The 
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Normal diffusion is less frequent than Anomalous diffusion

(

Anomalous diffusion

Linear normal diffusion, Darcy ś Law,  t/r2

Fractal
Geometry

Fractional
Derivatives

Normal 
Diffusion

Heterogeneous, 
anisotropic media

<rβ(t)> α t

Non-Darcy Flow, 
Memory effects

<r2(t)> α tα

Linear Diffusion
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During the dissolution process, vugs
can be isolated or connected to 
each other.  The connection 
between vugs can occur through 
halos of high porosity zones that 
surround them.  

Naturally Fractured Vuggy Systems 

R. Casar & V. Suro: 
Stochastic Imaging of Vuggy 
Formations, SPE 58998

Increasing ϕ and k may be due to 
directly connected vugs & vugs
connected through their halos. 
Vuggy kv may be > fracture kf.
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Z. Kang, et.al.: Modeling Multiphase Flow in 
Naturally Fractured Vuggy Petroleum Reservoirs, 
SPE, 2006. 

Schematic 
modified 
diagram 
from a 
fractured 
vuggy 
system

Lucia’s Classification (1983) 
for Vuggy Porosity

An important contribution of Lucia’s
classification is its emphasis on the
petrophysical significance of
separate & touching vugs.

Naturally Fractured Vuggy Systems 
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Decline Curves for Connected & Unconnected Vugs
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R. Camacho-V., et.al: Pressure-Transient and Decline-Curve Behavior
in Naturally Fractured Vuggy Carbonate Reservoirs, SPE REE, 2005

Naturally Fractured Vuggy Systems 
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At 3280 – 3281 m 
depth there is a 
cavern with a 
vertical length of 1 
- 1.5 m.

Breccioid zone showing 
connected vugular
porosity. 

There is good vertical 
communication through 
the vugs.

Results with 3 ϕ – 2 k 
model

Camacho-V., R., et. al., SPE 
171078, 2014

Naturally Fractured 
Vuggy Systems 
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Naturally Fractured Vuggy Systems 
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Overview of dynamic characterization

2 ϕ – 1 k, Warren-Root
KS: = 0.62,   KM: = 0.40

Values from well logs:
- KS: v= 0.64, f= 0.04 KM: v = 0.63, f = 0.01

3 ϕ – 2 k, partial penetration 
- KS: v = 0.7, f = 0.023, κr = 0.8, κz = 0.001
- KM: v = 0.51, f = 0.12, κr = 0.9, κz = 0.9

26

Ausbrooks, R. et al, SPE 56506

Camacho-V., R., et. al.: SPE171078, 2014

Naturally Fractured Vuggy Systems 
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Comparison of pressure derivative fits obtained 
with traditional 2ɸ & 3ɸ-2k models, both with 
partial penetration. 
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Naturally Fractured Vuggy Systems 

Traditional Dual-
Porosidad 

3 Porosidad –
2 Permeability  
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• 3 ϕ - 2 k better match of pressure tests than  2 ϕ model, obtaining more 
information about 3 media (matrix- fractures - vugs).  

• (v + f) ≠  (2 ϕ, Warren-Root)            use of traditional 2 ϕ simulators for 
NFVRs is not justified. 

• Partial penetration effects             information about vertical communication of 
vugs and fractures.  

• Confirmed that vugs’ vertical communication can be significant, which is relevant 
for reservoirs with an active aquifer.

Conclusions

Naturally Fractured Vuggy Systems 
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It is important to consider other alternatives that best 
describe heterogeneities, like 3ϕ – 2k models for NFVRs 
& fractal/fractional models

29

Reservoir 
Complexity

Fractures at different 
scales, not all 
interconnected, non-
uniform distribution, 
presence of vugs, 
heterogeneous & 
anisotropic

Static 
Characterization

Dynamic 
Characterization 

2 

Advances in 
characterization

Advances in 
simulation

Fractal/Fractional 
NFRs

3ϕ-2k,  NFVRs
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