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Summary 

 

This paper discusses petrophysical description of tight gas 

sands formations. We analyze correlations between 

velocity, permeability, and porosity in three tight sand 

reservoirs. Flow zone indicator and effective specific 

surface area methods are introduced to analyze the relations 

between these properties. Correlations between velocity, 

permeability, and porosity of clean tight sands are shown to 

be well characterized after binning the data into zones with 

distinct effective specific surface or flow zones. 

 

 

Introduction 

 

Reservoir characterization, an important tool for analyzing 

production potential of a prospective zone, is challenging in 

unconventional reservoirs, due to limited understanding of 

the petrophysical characteristics and the governing factors 

of flow through these formations. In this paper, we analyze 

the petrophysical properties and correlations between 

velocity, permeability, and porosity behavior in tight gas 

sands. 

Tight gas sands (TGS) are considered one of the four 

designated unconventional gas resources (Hanson and 

South, 1983). Any gas bearing sandstone that exhibits in 

situ permeability to gas less than 0.1 md is considered to be 

a tight formation (Naik, 2003). Although the definition 

“tight" is based on permeability, these reservoirs are also 

frequently associated with very low porosities ( < 10 - 

12%; Smith et al., 2009). In addition to low permeability 

and low porosity, other characteristics make TGS more 

challenging to develop. These formations are characterized 

by small pore throats range from about 0.03 to 2 µm 

(Nelson, 2009) and crack-like interconnections between 

pores. These pore throats represent a small portion of the 

total porosity but exert a strong control on permeability.  

 

In addition to lesser pore space, the TGS have sutured grain 

contacts with very little intergranular pores (Spencer, 1997). 

This difference in texture has significant effects on 

permeability and the seismic response. At low porosity, if 

cracks are present, permeability can be enhanced due to 

better connectivity of the pores; velocity, on the other hand, 

is lowered because of discontinuities in the acoustic path. 

As a consequence, relations between permeability and 

porosity will also carry over to the velocity domain. Thus, 

seismic properties can become valuable tools to map 

prospective zones in TGS. On the other hand, when cracks 

are located inside the grains, velocity values can be 

significantly lower but the permeability remains the same 

(Smith et al., 2010). Therefore, a binding criterion based on 

porosity and permeability might fail in the velocity domain. 

In this case, it is necessary to find an additional parameter 

that would allows us to study related properties. 

 

Theory and Methods 

 

We used two methods to analyze the porosity - 

permeability - velocity correlations in TGS: the Flow Zone 

Indicators (FZI) method and the Effective Specific Surface 

(ESS) method. The fundamental use of both methods is to 

group rocks that have similar flow characteristics defined 

on the basis of the Kozeny-Carmann relation of porosity 

and permeability.  

 

The Flow Zone Indicator, as defined by Amaefule et al. 

(1993), incorporates the geological attributes of texture and 

mineralogy in the discrimination of distinct pore 

geometrical facies (Amaefule et al., 1993). Dividing the 

zones based on their FZI values helps in the identification 

of high reservoir quality zones and the selection of optimal 

well locations (Lopez, 2010). The simplified equations of 

FZI are: 

 

            
 

 
 (1) 

     
 

     
 (2) 

     
   

   
 (3) 

 

Where RQI corresponds to the reservoir quality index, k is 

the absolute permeability in mD, φ is the porosity, and NPI 

is the void ratio. 

 

Physically, FZI is a product of pore parameters and 

describes pore connectivity (Prasad, 2003). Its computation 

is based on tortuous path in a granular bed (Alam et al., 

2009), and is proved to have the capability of establishing 

permeability, porosity and compressional velocity relations 

in high porosity rocks (Prasad, 2003). Here, we extend the 

analysis to TGS. 

 

The Effective Specific Surface (ESS) method is based on 

the definition of a constant c(φ) that accounts for the 

fraction of porosity that is inactive in a given flow direction 

(Alam et al., 2009). It is considered to replace the tortuosity 

term in Kozeny's equation: 

           
 

 
            

 

 
   

  
            (4) 

Using permeability and porosity measurements from cores, 

effective specific surface is computed using equation: 
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 (5) 

 

Experimental Data 

 

In our experiments, three sample sets were measured and 

one dataset was taken from published work. We measured 

datasets 1 and 2 on the Mesaverde Formation rocks, 

specifically the Green River basin and Uintah basin, 

respectively, and dataset 4 was measured on the Red Forks 

Formation rocks. Dataset 3 corresponds to data obtained 

from the Travis Peak Formation (Jizba, 1991).  

 

The permeability and porosity values were measured on 

oven dry samples using CMS-300. A Beckman porosimeter 

and the Archimedes method were also for calculating 

porosity in the samples. All the methods gave similar 

porosity values with an error range of 1 to 3 porosity units. 

In addition to core measurement, well log data of datasets 1, 

2 and 4 are also analyzed, including Gamma Ray, P-wave 

velocity and deep resistivity (ILD).  

 

Data Analysis 

 

Figure 1 shows porosity-permeability and porosity-Vp plots. 

We could observe that most permeability-porosity data 

points are grouped in the range of tight formations. The 

porosity-Vp crossplot shows that the data points with 

higher porosity values have a clearer negative trend. 

 

Using the data sets described above we used the FZI and 

ESS to bin porosity, permeability and velocity values. In 

Figure 1a, six different zones are distinguished, which have 

similar flow properties. However, velocity did not show a 

similar correlation with permeability in distinct flow zones. 

The data overlap in clusters without any obvious trends, as 

shown in Figure 1b. 

 

Similarly, when using the ESS method we find that it is 

possible to group six different zones in the porosity - 

permeability plot with distinct transport properties, as 

shown in Figure 2a. However, the velocity-permeability 

(Figure 2b) shows overlap of data without clean 

demarcation between the zones seen in Figure 2a. 

Therefore, we can quantitatively describe permeability 

knowing porosity and effective specific surface values. 

Similar to the FZI method, ESS fails to correlate velocity 

and permeability values. In contrast, Prasad (2003) has 

shown that high porosity rocks have a distinct 

velocity-permeability relation within similar flow zones. In 

the following, we will examine this difference between 

high porosity rocks and TGS. 

 

Velocity-Porosity Analysis 

 

In order to further understand the physical correlation of 

velocity and permeability, an additional parameter was 

used in order to sort the data. We found that high clay 

content (higher that 25%) samples have lower velocity and 

porosity values and can easily be separated from clean 

samples. After discarding data points based on a velocity - 

porosity behavior criterion and clay content, we found that 

both FZI and Effective Specific Surface methods 

effectively describe permeability and porosity relation, as 

shown in Figure 3. Additionally, in Figure 4 we observe 

that velocity and permeability correlation can also be fully 

characterized by FZI and ESS values. 

 

 

 

 

 

 

 
(a) 

 
(b) 

Figure 1: Figure 3a shows that FZI criterion also helps 

differentiate in low permeability behavior as a function of 

porosity. Six different zones are easily distinguished in the plot. 
The computed FZI values ranged from 3 to 0.05. However, as 

shown in Figure 3b the extended analysis including velocity does 

not provide a clear trend separation. The data overlap in clusters 

without any obvious trends. 
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Discussions 

 

Although both the ESS and the FZI could bin the porosity 

and permeability values, the velocity – permeability bins 

were not as straightforward. Our analysis shows the clay 

could play an important role in the low porosity formations. 

At low porosities, a small amount of clay can block pore 

throats and change permeability dramatically. Clay in the 

contact zones can also decrease velocity considerably (Han 

et al., 1986), because the contact zones are load bearing. At 

the same time, clay minerals have higher porosity, so the 

porosity – permeability – velocity correlations tend to 

smear out. By taking a cut-off velocity at each porosity, we 

defined a threshold, and could reach a clear correlation of 

velocity-porosity-permeability. 

 

Our complete study will demonstrate use of capillary 

pressure and surface area into the correlation with porosity, 

permeability and velocity; analysis of the relations of 

intrinsic properties of clean/shaly tight sands with the well 

log responses, and define the clean/shaly zone features on 

well logs with the absence of GR/porosity log. 

 

 

Conclusions 

 

Our study shows that it is possible to extend correlation of 

velocity-porosity to velocity-permeability. Such 

correlations have important implications in understanding 

permeability variations away from the borehole. We show 

that: 

1. The FZI criterion and Effective Specific Surface 

criterion can accurately describe permeability 

behavior as a function of porosity for low 

permeability and low porosity rocks. 

2. Velocity and permeability correlation shows 

considerable scatter as permeability decreases. 

Additional information is needed to understand 

this scatter. 

3. By using clay content information as a 

discriminative criterion, the velocity and 

permeability relation is much improved in 

separate flow zones described by the both 

binning criteria. 

4. In absence of lithology information, we can use 

the porosity - velocity trends as a criterion to 

identify clean zones. At the same porosity, 

clay-rich zones will show slower velocities. 
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(a) 

 
(b) 

Figure 2: From Figure 2a it is possible to differentiate six zones 
with similar flow properties based on porosity and permeability 

values. Nevertheless, when analyzing velocity behavior, we 

cannot identify any visible trend for the permeability and velocity 

plot, as shown in Figure 2b. 
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(a)                                                 (b) 

Figure 3: Permeability - Porosity relation based on (a) FZI and (b) ESS methods after discarding points with high clay content. Both binning 

methods accurately characterize low permeability behavior as a function of porosity. Six different zones are easily distinguished in the plot. 
Computed FZI values ranged from 0.5 to 2.2 while ESS values ranged from 10:5-4 to 0.25. 

 

 
 

 

 

(a)                                                (b)  

Figure 4: Permeability - Velocity relation based on (a) FZI and (b) ESS methods after discarding points with high clay content. Both binning 

methods accurately characterize low permeability behavior as a function of velocity. Six different zones are easily distinguished in the plot. 
Computed FZI values ranged from 0.5 to 2.2 while ESS values ranged from 10:5-4 to 0.25. 
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