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Purpose. Varying types of porosity patterns study of 

Devonian carbonate rocks of three Volyno-Podillya areas 
based on elastic waves velocity measurement and open 
porosity study under conditions of variable pressure re-
sults. 

Methodology. The original facility of ultrahigh pres-
sure has been used for experimental petrophysical inves-
tigations (measuring of the velocity of longitudinal 
waves and open porosity). Laboratory studies process 
was performed with increasing the pressure from 1 to 60 
MPa and inversely at its decrease to 1 MPa. Interpreta-
tion of laboratory studies was performed using an origi-
nal technique which allows inverting the data speeds into 
the model of the hollow space structure (to define cavi-
ties formats and their concentration). 

Findings. The regularities of longitudinal waves’ ve-
locity changes under hydrostatic compression of samples 
were investigated. We have determined that the kinds of 
curves vary for carbonate rocks with different structure 
and lithology. Based on the interpretation of laboratory 
data the formats of cavities and their concentration val-
ues were calculated for each sample at various stages of 
compression; the structure of pore space was determined. 
Based on the different cavity formats specters and their 
concentration determination according to the data re-
ceived by acoustic investigations, we have fulfilled quan-
titative evaluation of part of different types of porosity 
(granular, fractured, cavernous and secondary) in general 
porosity. The quantitative patterns of changes in the 
types and concentrations of cavities under variable pres-
sure conditions have been determined. The exploitability 
of reservoir rocks under compression may significantly 
deteriorate and be lost completely.  

Originality. We used the modern interpretive tech-
niques of acoustic data inversion into the model of pore 
space structure for geological structure of carbonate 
rocks based on the results of research of their behavior 
under variable pressures conditions. 
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Practical value. Determination of the structure of 
pore space and porosity types of carbonate rocks under 
different pressure conditions makes it possible to allocate 
the complicated reservoir rocks at large depths and to 
predict their exploitability. 

Keywords: longitudinal wave velocity, variable pres-
sure conditions, carbonate rock, hollow space structure 
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Purpose. Stratified shale formation is prone to collapse in drilling. A method of precise calculation of collapse 
pressure should be developed to avoid severe wellbore instability of stratified shale. 

Methodology. Clay mineral components of stratified shale were measured by X-ray diffraction, and micro-
structures of stratified shale were observed by scanning electron microscope. Shale cores had been drilled under 
different dip angles and then immersed in drilling fluids. Strength, cohesion and internal friction angle of stratifications 
and rock mass (vertical to the stratifications) were measured over different immersion time. The method suitable for 
calculating stratified shale strength has been developed. Based on the strength calculation method and circumferential 
stress distribution equation, the collapse pressure of stratified shale has been calculated. 

Findings. The stratified shale is mainly composed of illite and kaolinite; and stratifications are actually 500 nm–
30 m wide microcracks (stratified shale of Weizhou formation, Beibuwan basin, South China Sea). Cohesion and 
internal friction angle of stratification decrease in exponential rule with immersion time, while that of the rock mass 
decrease in linear rule with immersion time. The rock strength decreases firstly and then increases with the dip angle 
(0–90°); and the lowest value occurs at the dip angle 50–60; and single weak plane criterion is suitable for 
calculation of the strength of stratified shale. Contrasted to the drilling fluid density and wellbore stability situation 
while drilling stratified shale formation, it can be obtained that the numerical results of collapse pressure are quite 
precise. 

Originality. Stratifications are microcracks developed in shale, and free water could seep inward shale through 
stratifications under capillary force. The method of calculating collapse pressure of stratified shale taking into account 
the seepage effect has been developed. 

Practical value. The research results allow us to calculate precisely the collapse pressure of stratified shale under 
different deviation angles and azimuth angles. This contributes to optimization of drilling fluids density, wellbore 
trajectory and configuration while drilling in stratified shale. 

Keywords: shale, stratification, dip angle, hydration, single weak plane criterion, wellbore stability 

Introduction. 2 Wellbore instability is a complex 
problem that commonly encountered in drilling 
engineering; and in 70% of cases the problem occurres in 
shale formation. With the surge of shale gas development, 
the growing number of deviate wells and horizontal wells 
make wellbore instability even more severe. The samples 
for shale hydration researches at present are mostly shale 
outcrop, their strength is closely related to the water 
content due to high content of smectite. Based on smectite 
hydration, relationships were established between shale 
strength and the factors such as water content [1], activity 
[2], efficiency of semi-permeable membranes [3], solute 
diffusion coefficient [4]. HTHP (High Temperature and 
High Pressure) can dehydrate smectite to illite and 
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kaolinite, in consequence, shale in deep formations mainly 
consists of non swelling clays like illite and kaolinite, 
water absorption of which is too low to establish an 
effective function of water content and shale strength. 
Drilling practice also indicates that deep shale formation 
were often with approximate parallel stratifications. To 
test deep stratified shale properties, experimental cores 
were fetched from deep shale formation and severe 
wellbore instability had occurred while drilling in the 
formation. Hydrability and strength of these cores were 
tested, analytical model about stability of stratified shale 
was created and its applicability was validated. The 
calculated values were used to analyze the wellbore 
instability and countermeasures were applied. 

Materials and Methods. Core description. The 
cores used in the experiments were from deep stratified 


