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Abstract 

The article is devoted to the estimation of the required mud density during well drilling in fields with abnormally high reservoir 
pressures. The possibility of density calculation is shown on the basis of data on gradients of pore pressures and fracture 
pressures, as well as changes in rate of penetration with depth. Identification of the expression for estimating the mud density was 
applied to some deposits, distribution of pore pressures, fracture pressures and drilling mud density was constructed using the 
example of one of the deposits. 
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1. Introduction 

When drilling wells in the conditions of the abnormally high, first of all, special attention should be given to the 
parameters of drilling fluids, as well as the design of the wells, in the selection of which an important role is played 
by a correct assessment of geological conditions. Ignorance of the exact values of reservoir (pore) pressures often 
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leads to complications such as manifestations during drilling, emissions, which in turn can lead to loss of the well, 
which is associated with large material damage. Therefore, a timely assessment of the pore pressure allows you to 
reasonably choose the required mud density. 

The problem of optimal management of drilling process is one of the most important problems in recent years. 
The complexity of this task lies in the heterogeneity of the rocks being drilled and the limited information about both 
its properties and their impact on the drilling performance. Drilling management requires a deep analysis of various 
factors, justification of the criteria, structure and methods of constructing of models and making an optimal decision, 
assessing the risks of making erroneous decisions. The fact that many geological and technological parameters, as 
well as the formulation of goals and constraints in decision making are fuzzy makes optimal decision-making 
difficult. In the construction of drilling management systems, a problem associated with the development of new 
models arises. As information accumulates, these models are able to adapt to the situation of uncertainty. The model 
can be effectively implemented with the use of various mathematical methods, including the theory of fuzzy sets. 
Proceeding from the noted, the problem of solving the problem of increasing the efficiency of the drilling process 
through the optimal management of technical and technological parameters is actual. 

2. A brief overview of the methodological approaches to the optimal choice of bits and regime parameters. 

The development of information retrieval systems and means allows solving the problem of optimal control of 
technical and technological parameters of drilling wells at a higher level. To date, a large number of studies devoted 
to the interaction of the bit with the rock have accumulated, methods for studying the physical and mechanical 
properties of rocks, the mechanism of their destruction, the influence of various factors on the efficiency indicators 
of the drilling process have been proposed. Known methods (Osipov) for finding optimal parameters of the drilling 
regime can be divided into three groups: expert methods based on physical modeling, analytical and field. Usually, 
in practice, it is sufficient to analyze the experience of drilling in a given area (or similar in geological conditions of 
drilling areas) or a field (if information is available), or the method of experimentation with selected new bits, 
drilling methods, etc. is used. The methods of the first group require a large amount of information. The methods of 
the second group are based on modeling a single act of impact of the armament element of the bit on the rock and 
require a large volume of core material, which is practically impossible to provide. Methods relating to the third 
group require expensive and time-consuming field experiments. According to the results of field experiments, as 
well as the results of accumulated studies, there are no uniform laws describing the drilling process. Modern bits, as 
a rule, are capable of passing several heterogeneous in terms of drillability layers in one drill, which limits the 
possibilities of these methods.  

To successfully use them, an appropriate model based on the current monitoring of the drilling process is needed. 
A new direction - geological and technological research in the drilling process has been developing and improving in 
recent years. A correct and justified assessment of conformance of the type of bit to the characteristics of the 
drillable rock and the regime parameters directly in the drilling process allowed the most possible use of the 
potential capabilities of the drill bits. From this perspective, the energy intensity of the fracture process, the 
reliability and durability of the bits, the work on drilling optimization, the use of the results of geological and 
technological research in the process of drilling wells were studied. The authors of (Gulatarov, Kurepin, 1992) 
propose their own approach to the study of the energy intensity of fracture of rocks by various bits using electric 
drills, carried out on the basis of an analysis of energy indicators. 

The novelty of the approach is also to compare the values of the energy parameters determined for the 
atmospheric conditions of drilling rock blocks with anomalous indicators obtained in the downhole drilling 
conditions. The optimum rotary RPM of a cone bit, according to the authors, should be chosen taking into account 
the rock permeability factor. When drilling cone bits in clayey rocks, the regime of increased axial load on the bit 
and rotary RPM is effective. The work (Purvinsky et al. 1992) is devoted to the use of the energy intensity of 
destruction for the purpose of identification of rocks. The work (Purvinsky et al. 1992) is devoted to the use of the 
coefficient of energy intensity of destruction for the purpose of identification of rocks. The regularity of the change 
in the energy intensity factor depending on the category of rocks by drillability is established. As in the previous 
work, the author comes to the conclusion that the energy intensity coefficient directly depends on the rate of 
penetration at the same rotary RPM and the load on the downhole, which is explained by the significant dependence 
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of the rate of penetration on the amount of introduction of the diamond into the rock. This value characterizes the 
resistance of the rock to destruction, and, consequently, the energy expenditure required to destroy a unit of rock 
volume. Martin-Decker Totco conducted research using a computerized drilling process model. As a result, a 
method for selecting the axial load and the bit rotary RPM corresponding to the highest penetration rate has been 
developed. The data is collected and processed directly on the drilling rig. Based on the data obtained, graphic 
dependencies are constructed, according to which the drilling master selects the mode parameters in real time. The 
author (Levitsky, 1966) developed a technique that allows to determine the drilling performance by bit of different 
types for a reasonable choice of the best of them for specific conditions. However, for drill bits with a long service 
life, allowing to pass significant intervals for a single run over a non-uniform section, in order to successfully 
operate the technique, a drilling model is needed, formed from the current monitoring of the drilling process. This 
circumstance, as already noted, somewhat narrows the scope of the proposed technique. The results of the studies 
given in (Richard, 1966) confirm that a reasonable choice of bits allows to increase the drilling performance. In 
particular, the choice of a bit with polycrystalline armament and blade inserts on the basis of laboratory tests made it 
possible to increase the rate of penetration of a horizontal well at the Rid-City deposit (USA). Measurement of rock 
subsurface resistivity is also the basis for estimating drilling performance and well logging. The system can measure 
parameters a few meters from the bit and transmit the results to the surface in real time. It should be noted that in 
recent years a number of devices and methods for determining the geophysical parameters of the seams have also 
been developed (Belkin; Clark). So, for example, in the US, a device [Belkin] is patented for measuring rock 
resistance during drilling. In the device descending into the well, a toroidal ring antenna is installed. When power is 
supplied to the antenna, an electric current is generated which passes through the device and the rock. An electrode 
is also mounted on the device, which senses the electric current, measures its magnitude and thus determines the 
resistance of the rock. The main technical parameters and characteristics of the modern system for conducting 
geological and technological research (GTR) are given in (Foster et al., 2001; Branch et. al., 2001). The authors of 
(Branch et. al., 2001) in particular describe the experience of drilling branched-horizontal wells at the Zuata field in 
Eastern Venezuela by Sincor (an operator company owned by Total Fina Elf SA, Petrolios de Venezuela SA and 
Statoil AS).  

Operative decision-making in the drilling process requires not only geological information on the profile, but also 
information reflecting the development of the process of interaction between the bit and the rock. It is possible to 
select (specify) the bit type, mode parameters, to determine the moment of the bit's rising for its replacement, the 
parameters of the drilling mud, etc. Methods for the operative determination of the laws of the drilling process, the 
adoption of the optimal solution have been developed, an improved indirect method for determining the dependence 
of the penetration rate on the axial load on bit, including processing of data to smooth out interference acting on the 
load signal due to vibrations in the drill string and the tackle system has been proposed. The identification of the rate 
of penetration model during drilling is carried out. The technique of drilling optimization based on the Halle and 
Woods model and the results of Yang's studies with assumptions about the constancy of the bit type, the parameters 
of drilling mode and mud, uniformity of rocks, vertical wellbore, was proposed by the Polish specialists (Mleczko et. 
al., 1986). A large number of studies (Khismetov et. al., 2006) show that in different cases taken approaches differ: 
according to the hardness and abrasivity of rocks, the values of the torque, the size of the zones of rock destruction 
with the indentation of teeth with various blunting and shape, according to the predicted values of the indicators of 
drilling. With extensive use of the capabilities of geological and technological control stations, it is possible to 
quickly solve a number of issues related to the optimization of the drilling process. For this purpose, a set of 
programs has been created that successfully process data obtained with the “Geoservice” system. In the program 
"Optimization of the combination of the axial load and the rotary RPM", the data characterizing the raised bit: type, 
diameter, class (in accordance with the hardness of the rocks), the prevailing (over the time of chiselling) values of 
the axial load and rotary RPM, the time of "pure" drilling , penetration for chiseling, wear of arms and supports, data 
on the bit for optimized chiseling (planned wear of weapons and supports, time spent on downhole operations). The 
washing regime is optimized using the programs "Well hydraulics". To solve this problem, it is required to select the 
optimal hydraulic program options when using carbide tips. The accepted flow velocity is in the range of 120-130 
m/s, and the limiting condition is the laminar flow regime of the fluid in the annular space with an upward flow rate 
of the drilling fluid of at least 182.4 m/s. Rational workout of the bits is carried out at the maximum run speed. It is 
noted that the correctness of the program "Optimization of the combination of axial load and rotary RPM" has been 
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