
Advanced Fractal Modelling of Heterogeneous and 

Anisotropic Reservoirs 

Paul W.J. Glover 
with contributions from Piroska Lorinczi, Saud Al-Zainaldin, Hassan Al-Ramadan, 

George Daniel, Saddam Sinan and Anuar Kalimuratov 

 

A reservoir model under test (Reservoir-5T), representing a fine-grained tight reservoir with low 

porosity and permeability; fractal dimension D=3.1 and a vertical anisotropy factor of =1.0. (128 x 
128 x 32; 524288 voxels). 

 

Abstract. Future hydrocarbon production will be in a world where unconventionals are the new 

convention and whatever remaining conventional reservoirs will be smaller, deeper, more difficult to 

access, more heterogeneous and more anisotropic. All of these present their own challenges; 

challenges that must be met with an insufficient global cohort of trained petrophysicists.  

This presentation concentrates on the optimisation of production from heterogeneous and 

anisotropic reservoirs.  Heterogeneity and anisotropy remain a challenge for the modern 

hydrocarbon industry because such reservoirs exhibit extreme inter-well variability making them 

very hard to model, at the same time as models become indispensable for reservoir management 

and development.  

The conventional approach is to construct reservoir models using modern statistical techniques. 

Such techniques invariably involve the analysis of inter-well variability and applied this to some 

krigged interpolation where the interpolated points are partially constrained by Sequential Gaussian 

Simulation (SGS), Sequential Indicator Simulation (SIS), or Bayesian Indicator Simulation (BIS) and 

may invoke the use of cloud transforms. All of these techniques rely on any controlled significant 

variability in the reservoir only occurring at a scale at or larger than the inter-well spacing.  

This presentation will consider a new approach based on self-affine fractal structures in the form of 
Advanced Fractal Reservoir Models (AFRMs). The use of such a fractal approach has three distinct 
challenges. The first is to create code to model fractal variability of reservoir properties in 3-



dimensions, the second is to use the code to model porosity, cementation exponent and grain size, 
from which permeability, synthetic poro-perm cross plots, water saturation maps and relative 
permeability curves may be calculated. These steps are generic. Generic models that are created in 
this way can be used to explore the effect of changing heterogeneity and anisotropy on reservoir 
flow processes, but cannot give information specific to a particular reservoir. Consequently, the third 
challenge is to condition the fractal reservoir models to represent the variability found in real 
reservoirs, and that implies being able to measure the fractal dimension and anisotropy is of real 

reservoirs. 

 
Simulated oil production rates (Mstb/day) and water cut as a function of time (years) for 
the reservoir model having five different fractal dimensions (D = 3.1, 3.3, 3.5, 3.7, and 

3.9) and a fixed vertical anisotropy factor of χ = 3 
 

In response to the first challenge, which is mainly mathematical, the research team at the University 
of Leeds has created code capable of modelling fractal variability in reservoir properties in both 2-
dimensions and 3-dimensions with a wide range of heterogeneity represented by variable fractal 
dimension, and an equally wide range of anisotropies both laterally and vertically. The presentation 
will show how fractally variable reservoir properties can be represented in reservoir models, and 
how their fractal behaviours can be validated [Saud Al-Zainaldin]. 

The second challenge is to create realistic reservoir models based on fractally-defined reservoir 
characteristics and then simulate them in order to ascertain the degree to which heterogeneity and 
anisotropy parameters affect reservoir production characteristics such as total hydrocarbon and 
water production, fluid production rates and times to water breakthrough. The presentation will 
describe the reservoir modelling process in detail (as represented by the figure above) as well as 
showing some initial simulation results which indicate (i) the effect of heterogeneity, which can lead 
to a 70% change in the predicted oil production rate, as shown in the figures below [Saud Al-
Zainaldin], (ii) the impact of well-placement with respect to anisotropic reservoirs, which shows that 
careful well placement is only beneficial for reservoirs of medium heterogeneity and medium to high 
anisotropy where the sub-surface variability is well-defined [George Daniel], and (iii) the variation of 
fluid production and production rate on the direction of anisotropy with respect to a quadrilateral 3 
injector – 3 producer well-pattern, showing that there is up to a -50% change in total oil production 
and a halving of reservoir lifetime based on the time to water breakthrough if injector-producer 
pairings are aligned with reservoir anisotropy [Saddam Sinan].  

All of these results stem from modelling on generic reservoirs where we can control the 
heterogeneity and anisotropy explicitly. While the results are useful is giving an overall 
understanding of how both heterogeneity and anisotropy affect the major outputs from reservoir 
simulation, real advances are only possible if AFRM can be applied to individual reservoirs so that 
the AFRM can be conditioned to what is already known about that reservoir from seismic, core and 
log data. This is the third challenge. Progress has been made both in the analysis of the fractal 
dimension and anisotropy factors from seismic data [Anuar Kalimuratov] and the process by which 
AFRMs can be conditioned to seismic, core and log data [Hassan Al-Ramadhan]. Initial comparisons 



of the conditioned AFRM approach with conventional geostatistical approaches show that 
conditioned AFRMs are much better than conventional geostatistically-derived reservoir models for 
capturing the spatial variability in a reservoir at all scales. 

Consequently, we believe that advanced fractal modelling of reservoirs has the potential to 

incorporate variability in the reservoir at all scales, not just at the scales above the inter-well spacing 

as is currently the case with conventional geostatistical approaches. Furthermore, such modelling is 

extremely important because initial tests, both generic and conditioned, are beginning to show that 

the consequences of not taking reservoir heterogeneity and anisotropy into account are extremely 

substantial not only for the amount and rate of hydrocarbon production but also for the lifetime of 

the field. 

The research team engaged with this project is currently unfunded. Prof. Glover is actively looking 
for any expressions of funding interest which will allow the continuation of this research. 

Reference. Al-Zainaldin, S., Glover, P.W.J. and Lorinczi, P., 2016. Synthetic Fractal Modelling of Heterogeneous 
and Anisotropic Reservoirs for Use in Simulation Studies: Implications on Their Hydrocarbon Recovery 
Prediction. Transport in Porous Media, in press, pp. 1-32. 

 


