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 Many years of experience in the development of potash deposits, in particular the Verkhnekamennoye potassium-magnesium salt 
deposit, has shown that the most unfavorable and detrimental consequence is the flooding of the entire mine field or its section.
As a rule, the cause of flooding is the formation and development of technogenic water-conducting cracks or the development of 
existing cracks in the massif, which are most often associated with zones with weakened physical and mechanical properties.
The most detailed distribution of properties can be obtained by creating a geological and geomechanical model. To create such a 
model, it is necessary to analyze the existing factors that affect the state of the rock mass and workings, as well as identify and
prepare the necessary initial data. The main influencing factors include the geological features of the structure of the Solikamsk 
depression, various technogenic events that have manifested themselves in connection with the development of the industrial
reserves of the deposit, the physical and mechanical properties of host rocks and productive strata, as well as the development of 
mining operations and their current situation. The experience of geomechanical analysis of man-made accidents that have 
occurred on the territory of the Verkhnekamennoye potassium-magnesium salt deposit showed that the most powerful 
influencing factor was the physical and mechanical properties of the rocks of the water-protective strata. To obtain a reliable 
distribution of these parameters in the massif and in productive layers, usually try, first of all, by combining geophysical and 
geomechanical methods. Within the framework of this article, it was proposed to integrate geological, geophysical and
geomechanical approaches when creating a geological and geomechanical model of a water-protective stratum section. As initial 
data, the geological description of well cores, geophysical surveys in wells, physical and mechanical properties of rocks were
used. The processing of available data on wells allowed creating a three-dimensional model of the distribution of the 
longitudinal wave velocity, in turn, the statistical dependences for the two main parameters of physical and mechanical 
properties (modulus of elasticity and compressive strength) on the velocity of the longitudinal wave make it possible to obtain 
the values of these properties at any point in the model , on the basis of which the simulation of the stress-strain state and the 
forecast of the state of the rock mass and workings are further carried out.
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 Многолетний опыт разработки калийных месторождений, в частности Верхнекамского месторождения калийно-
магниевых солей (ВКМКС), показал, что самым неблагоприятным и пагубным последствием является затопление всего
шахтного поля или его участка. Как правило, причиной затоплений является формирование и развитие техногенных
водопроводящих трещин или развитие существующих трещин в массиве, которые чаще всего приурочены к зонам с 
ослабленными физико-механическими свойствами. Наиболее подробное распределение свойств можно получить,
построив геолого-геомеханическую модель. Для создания такой модели необходимо проанализировать существующие 
факторы, влияющие на состояние массива горных пород и выработок, а также обозначить и подготовить необходимые
исходные данные. К основным влияющим факторам следует отнести геологические особенности строения Соликамской
впадины, различные техногенные события, которые проявили себя в связи с отработкой промышленных запасов
месторождения, физико-механические свойства вмещающих пород и продуктивных пластов, а также развитие горных
работ и их текущее положение. Опыт геомеханического анализа произошедших техногенных аварий на территории 
ВКМКС показывает, что наиболее сильным влияющим фактором являются физико-механические свойства пород 
водозащитной толщи. Получить надежное распределение данных параметров в массиве и в продуктивных пластах
пытаются, прежде всего, комбинированием геофизических и геомеханических методов. В рамках данной статьи
предлагается комплексирование геологических, геофизических и геомеханических подходов при создании геолого-
геомеханической модели участка водозащитной толщи. В качестве исходных данных используется геологическое 
описание колонок скважин, геофизические исследования в скважинах, физико-механические свойства пород. Обработка 
имеющихся данных по скважинам позволяет создать трехмерную модель распределения скорости продольной волны, в 
свою очередь, статистические зависимости для двух основных параметров физико-механических свойств (модуль 
упругости и предел прочности на сжатие) от скорости продольной волны позволяют получить значения данных свойств
в любой точке модели, на основе которой в дальнейшем производится моделирование напряженно-деформированного 
состояния и прогноз состояния массива горных пород и выработок.
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Introduction 
 
The distribution of rocks physical and mechanical 

properties in the water-protective strata (WPS) at the 
Verkhnekamskoye potassium-magnesium salt deposit 
(VPMSD) is the most uncertain parameter while solving 
numerical modeling problems of the stress-strain state of the 
WPS for various parameters of the development system. 
Currently, there are numerous attempts to obtain a picture 
of the distributing geomechanical characteristics using 
geophysical methods [1–6]. However, these methods do not 
allow establishing a quantitative relationship between the 
obtained geophysical parameters and the geomechanical 
characteristics of the WPS rock mass. And the direct use of 
rocks elastic-strength characteristics also does not allow 
even an approximate solution to the problem of constructing 
the distribution of these characteristics in the massif, since 
in this case the researcher operates with point values [7–10]. 
This article presents the construction of a geological and 
geomechanical model of the WPS section in the area of the 
inter-mine pillars SPMD-1 – SPMD-2 – SPMD-3 (Fig. 1) based 
on the integration of geophysical data obtained during 
drilling of salt exploration wells and geomechanical data 
obtained during testing of the physical and mechanical 
properties of salt rock samples. 

 
Initial data required for constructing a geological and 
geomechanical model 
 
The main idea of constructing a geological and 

geomechanical model of any deposit section aimed at 
subsequent geomechanical modeling the stress-strain state of 
the analyzed section during the development of its reserves is 
to obtain a real distribution of geomechanical characteristics 
in the rocks of the WPS and productive formations [11–14]. It 
should be noted that such an approach has long been used in 
the development of hydrocarbon deposits and only recently 
has it begun to be applied in the development of solid mineral 
deposits [15–25]. In this regard, the initial data required to 
construct the model included a geological description of well 
columns, geophysical studies in wells (GSW) including oil 
wells drilled in the VPMSD territory, and correlation 
dependencies between the physical and mechanical properties 
of the rocks that make up the massif and distributed 
geophysical parameters, primarily wave velocity.  

Geological description of well columns. The sample 
consists of 33 wells. Each well was analyzed separately. 
Processing of geological description data showed that not all 
wells were drilled to the marker clay, many of them only 

penetrated the transitional layer, and therefore cannot be used 
to build a geological and geomechanical model.  

GSW data. The things which are of greatest interest 
appear to be acoustic logging (AL), gamma logging (GL), 
and neutron gamma logging (NGL). Only 23 of considered 
wells has GSW data. GL was mainly carried out to the 
entire depth of the wells. It is worth noting that only two 
wells have AL data - No. 234c and 1036. Using well No. 
234c as an example, it can be seen that the studies were 
carried out in a fairly limited interval (within a depth of 
150-175 m). Figure 2 shows an example of the distributing 
the longitudinal wave velocity in the well – Vp, the 
corresponding strength distribution in the studied interval 
obtained on the basis of the dependence – UCS, as well as 
the strength distribution along the wellbore, downloaded 
from the model – UCS_3D. 

Properties of the rocks that make up the massif. The most 
common parameter from the physical and mechanical 
properties of the rocks that make up the massif is the strength 
of the rock which is determined based on the results of rock 
testing for uniaxial or triaxial compression by specialists of 
the MI UB RAS. As a rule, rocks are tested under uniaxial 
conditions. As part of the creating the geological and 
geomechanical model, special tests were carried out on the 
PIK-UIDK/PL unit (PNRPU) to determine the relationship 
between the geomechanical characteristics of salt rocks and 
the geophysical characteristics of the geological section, in 
particular with the velocity of longitudinal and transverse 
waves. The obtained dependencies used in creating the 
geological and geomechanical model [15–33] will be shown 
below. 

 
Constructing geological and geomechanical model 
 
The geological and geomechanical model was 

constructed in the IRAP RMS program. The final geological 
model contains 10 million cells; the division method is 
proportional. The average element size is 0.25 m vertically 
and 50 m horizontally. 

With the use of information connected with salt and oil 
wells, it became possible to construct a three-dimensional 
model of the distributing the main parameter - the 
longitudinal wave velocity Vp in the area of the SPMD-1 – 
SPMD-2 – SPMD-3 pillars. 

The AKL data were available only in limited intervals, in 
connection with which the AL was interpolated to the entire 
cube of the three-dimensional model. Figure 3 shows an 
example of interwell correlation of horizons in the 
geological model. 

 

 
 

Fig. 1. Location of mine fields
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Fig. 2. Example of interpretating acoustic logging data and the 
obtained distribution of strength along the wellbore 

 

 
 

Fig. 3. Example of interwell correlation of horizons  
in a geological model 

 
 

Fig. 4. Results of PNRPU tests: a – dependence of the compressive strength 
on the longitudinal wave velocity according to [11–14, 17];  

b – dependence of the elastic modulus on the longitudinal wave velocity 

 

 
а 

 

 
b 

 
Fig. 5. The area of the inter-mine pillar SPMD-2 – SPMD-3: 

a – distribution of the elastic modulus along the calculated section; 
b – distribution of the compressive strength limit 

along the calculated section 
 
The parameter was distributed using geostatistical 

methods, in particular the Kraiging method in combination 
with the conditional modeling method to recreate the natural 
variability of the modeled parameter. The parameters were 
selected based on variogram analysis after data normalization. 

The created model allows one to obtain the distribution 
of elastic and strength properties based on statistical 
dependencies between the longitudinal wave velocity and 
such parameters as the elastic modulus and the compressive 
strength limit (Fig. 4). 

As a result, geomechanical sections of the elastic modulus 
distribution (Fig. 5, a) and the compressive strength limit 
(Fig. 5, b) were constructed along the characteristic profile 
lines in the area of inter-mine pillars. In the future, 
geomechanical modeling stress-strain state (SSS) of the WPS 
rock massif and the pillars themselves will be performed 
based on these sections. As an example, a section along the 
pillar between the mine fields SPMD-2 – SPMD-3 is given. 

 
Conclusion 
 
Analysing and forecasting the state of a rock massif is 

impossible without a high-quality geological and geomechanical 
model. To build such a model, preliminary analysis and 
preparation of initial data are required, since taking into 
account the influencing factors and including the necessary 
information in the model subsequently determine the result of 
modeling as a whole and, accordingly, the subsequent forecast. 

The geological description of well columns, geophysical 
studies in wells, and physical and mechanical properties of 
rocks were used as initial data necessary for building the model. 

Based on the initial data, a three-dimensional model of 
the distributing the longitudinal wave velocity in the area of 
the interested pillars SPMD-1 – SPMD-2 – SPMD-3 was built. 

Based on the statistical dependencies between two main 
indicators of physical and mechanical properties - the elastic 
modulus and the strength limits - on the longitudinal wave 
velocity, the distributions of these properties for the 
constructed model were obtained. Characteristic sections 
were selected along which the modeling the SSS of the rock 
massif of WPS and the pillars themselves will be performed 
in the future. 
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