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Abstract — Nowadays hydrocarbons of non-

conventional reservoirs are come to the front in oil 

exploration worldwide. For the exploitation it is 

important to know the influence of the in situ stress 

distribution on the material parameters of the res-

ervoir. In the paper based on acoustic velocity 

measurement data made on core samples, new 

petrophysical model is introduced, through which a 

relationship between velocity and pressure is set up 

and explained. The model is based on the idea that 

microcracks are opened and closed under pressure. 

Laboratory measurements prove properly the accu-

racy of our model. 

I. INTRODUCTION 

In recent years non-conventional reservoirs with 

extremely low porosity and permeability are come to 

the front in hydrocarbon prospecting. Knowledge of 

petrophysical parameters (porosity, permeability) is 

extremely important in pressurized, deep-seated and 

high-temperature hydrocarbon reservoirs. Therefore, 

it is important to create a reliable and reusable reser-

voir geological model. Acoustic petrophysical char-

acteristics (mostly the propagation velocity of elastic 

wave and its absorption coefficient) and their pres-

sure dependence play an important part in creating 

the petrophysical model, because of their straight 

connection to the porosity. 

II. RESULTS OF THE RESEARCH 

A new petrophysical model was developed on the 

basis of acoustic velocity measurement data which 

was made on core samples originated from domestic 

oil wells. 

A. MEASUREMENT OF THE ACOUSTIC WAVE VE-

LOCITY 

The acoustic parameters of the rock samples were 

determined by means of laboratory measurements. 

The measurements necessitate the compilation of 

special measuring equipment. Knowing the sample 

length, the wave propagation time is necessary to be 

determined, which can be measured by oscilloscope. 

Rock samples subjected to uniaxial stress were 

analyzed with an electromechanical pressing device. 

The load was increased in small steps (~1000N) 

meanwhile the propagation time was measured at the 

adjoined pressure. Measurements were carried out on 

27 different rock samples including two typical test 

results, which are presented in the paper. 

B. THE PRESSURE DEPENDENT VELOCITY 

MODEL 

Several qualitative ideas exist to describe pressure 

dependence of the velocity. One such idea is by 

Birch [1], when pore volume reduces with increasing 

pressure, thus increasing velocity can be measured. 

Brace and Walsh [2] explained the phenomenon of 

pressure dependence by closing of microcracks at 

increasing pressure. 

When rock samples are loaded, microcracks is 

closed again which leads to velocity increase. This 

process continues apparently until all microcracks are 

closed. Accepting this qualitative idea we can create 

a new petrophysical model based on the following 

formulation. 

If we create dσ stress increase in the rock, we will 

assume that the dN number of the closing micro-

cracks is directly proportional to the dσ stress in-

crease. At the same time if there are more micro-

cracks in the rock then there will be more closing 

ones, too. We can describe the two assumptions with 

the following differential equation 

σdNλ-=dN , (1) 

where λ is the proportionality factor (material quality 

dependent constant), N is the number of open micro-

cracks. The negative sign represents that at increas-

ing stress with closing microcracks the number of the 

open microcracks decreases. 

Another assumption is a linear relationship be-

tween the dν propagation velocity change due to dσ 

pressure increment and dN the number of closing 

microcracks 

dNα-=νd , (2) 
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where α is the proportionality factor (material quality 

dependent constant). The negative sign represents 

that velocity is increasing with decreasing number of 

cracks. 

From (1) and (2) the soultion can be deduced as 

))λσ-exp(-1(νΔ+ν=ν 0 , (3) 

where ν0 and Δν are constants. 

Equation (3) provides a theoretical connection be-

tween the propagation velocity and the rock pressure. 

It means that velocity as a function of stress starts 

from ν0 (at σ = 0) and increases up to the νmax=ν0+Δν 

value according to the function 1-exp(-λσ). (Cer-

tainly it is only valid for the limiting case of the 

model, because in the range of high stresses new 

microcracks can arise in the rock. Samples were 

loaded during the measurements only up to one third 

of the uniaxial strenght to avoid creating new cracks.) 

C. THE DETERMINATION OF MODEL PARAME-

TERS BY REGRESSION METHOD 

If propagation velocity at some stress value is known 

from measurements, then the parameters of the 

petrophysical model (ν0, Δν, λ) can be derived by 

using regression methods [3]. Hence with the esti-

mated parameters the propagation speed can be de-

termined at any pressure by means of (3). 

D. LABORATORY EXPERIMENTS 

Regression-based processing of loading data resulted 

in the following values of sample 1T2  

ν0=2720 (m/s), Δν=988.2 (m/s), λ=0.09545 (MPa)
-1

 

and those of sample 3T3 are 

ν0=3496 (m/s), Δν=840 (m/s), λ=0.08366 (MPa)
-1

. 

With the above given values velocities can be cal-

culated at any pressure substituting them to (3). The 

result is shown in Figure 1 and 2. The continuous 

line shows the calculated (by the least square princi-

ple) velocity-pressure function while symbols repre-

sent the measured data. 

The figures show that the calculated curves rea-

sonably fit to measurement data. The measure of 

fitting can be calculated by using the data misfit 
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where )m(

kd  is the measured velocity at the k-th pres-

sure value and )c(

kd  is the k-th calculated velocity 

data, which can be computed according to (3). The 

value of data misfit was obtained 0,6% for the sam-

ple 1T2 and 0,5% for the sample 3T3. 
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Figure 1: Velocity-pressure function of sample 

1T2 
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Figure 2: Velocity-pressure function of sample 

3T3  

III. CONCLUSIONS 

The theoretical data calculated by inversion (using 

the mounted model) match accurately with measured 

data. Therefore, we can say that the petrophysical 

model applies well in practice. Its applicability was 

also proven by measurements performed on further 

25 sandstone samples (fine-, medium-, coarse-

grained, pebbly, tuffy etc.) during the research. 
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