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SUMMARY 

A necessary prerequisite for correct subsoil use is the prevention of pollution of the subsoil and 
the surrounding environment. An effective tool for this aim is the instant monitoring of negative 
phenomena by set of geophysical fields data. The least resource-consuming and most 
informative in this set is the monitoring of the gravity field and the corresponding transforms 
in order to maximize the derivation of useful information from data. Large bulks of initial data 
of the survey, the complexity of combining heterogeneous a priori information, and decision-
making time constraints dictate the choice of a monito¬ring tool as a kind of spatial database 
of attributive data, combined with filtering procedures, primary data processing, forward and 
inverse modeling of surveyed fields. These requirements are partially met by proprietary GIS 
packages. In the first approximation, an information system for monitoring the state of an oil 
and gas field has been developed, containing a module for solving the forward problem of 
gravimetry using global optimization techniques for a set of simple mathematical models of 
the geological media, concluded in a priori known range of depths in an oil and gas field. This 
system has a data-driven character and allows for: the processing of primary data from field 
studies of variations in the gravity field; filling the database interconnected with other data; 
import of a priori data; statistical data processing; stable solution of the forward problem for 
three models of the geological media (homogeneous sphere, horizontal prism, vertical ledge) 
within the GeoM module, where suitable parameters are fitted for given models by minimizing 
the residual of gravity variations with global optimization approaches; the solution control by 
simulated annealing algorithm and genetic algorithm; the displaying post-processing data in 
the form of a pivot table and appropriate charts.  
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Introduction 
 
A necessary prerequisite for correct subsoil use is the prevention of pollution of the subsoil and the 
surrounding environment. An effective tool for this aim is the instant monitoring of negative phenomena 
by set of geophysical fields data. The least resource-consuming and most informative in this set is the 
monitoring of the gravity field and the corresponding transforms in order to maximize the derivation of 
useful information from data. Large bulks of initial data of the survey, the complexity of combining 
heterogeneous a priori information, and decision-making time constraints dictate the choice of a monito-
ring tool as a kind of spatial database of attributive data, combined with filtering procedures, primary 
data processing, forward and inverse modeling of surveyed fields. These requirements are partially met 
by proprietary GIS packages, as well as some well-known systems for solving inverse problems of 
geophysics, including Geosoft Oasis montaj. 
 
However, to work appropriately with a database of such measurements, including those having a stocha-
stic nature (such as well logging data, thermal field logging, acoustic sounding, etc.), strictly determinis-
tic methods of computing and interpreting the initial data are not suitable well. Therefore, it was decided 
to use a common stochastic basis for processing such data together with gravity data, based on the use 
of high-speed genetic algorithms, namely, fast simulation of annealing and genetic algorithm. And since 
they are not included in existing Earth feature treating GIS and software packages for geophysical cal-
culations, it was decided to develop our own information system that meets the needs of monitoring the 
state of oil and gas fields in real time. 
 
Such a system should provide not only optimal accumulation, storage, exchange, processing, and 
analysis of data, as well as their visualization, but also provide three additional properties: solving a 
number of forward and inverse problems of gravimetry (with the possibility of interfacing with prob-
lems of thermometry, seismometry, etc) according to specified templates (i.e. a set of media models 
of approximating bodies having a simple shape) at least in the 2D region; an application of heteroge-
neous transformations and geophysical filters; release of final recommendations in a form being con-
venient for decision-making (such as interactive prompts based on a statistical generalization of solu-
tions). 
 
Based on this assumptions, as well as taking into account a large number of users of this special GIS 
without any special technical background, the following requirements were prescribed as a technical 
assignment for the development of an information system with the above features: the core of the system 
should be set on an open source GIS; the system must have a modular architecture and the modules 
must partially overlap each other's computing capabilities; it is important to interface with cloud servi-
ces for storing and exchanging data and solutions; data formats should be as simple and machine-reada-
ble as possible; facilities of interpolation and construction of maps (or grids) should be as user-control-
led as possible; the results of calculations should, if possible, be verified by several numerical methods 
(according to Strakhov's third paradigm of numerical evolution of geophysical inversion techniques); 
the system should provide for the possibility to involve a machine learning on reference samples acqui-
red from a special database; each completed stage of the system operation should end with the generate-
on of a short report and a recommendation for further steps; the system must remain stable at conditions 
of a limited amount of recorded data; the flexibility of the developed system, which consists in the 
possibility of expanding the database with additional information, selecting and adjusting the problems 
(or goals) of monitoring. That is, we need a modular data-driven system with an extensible set of plu-
gins, scalable in size and complexity of data and models (see Fig. 1). 
 
Method and Theory 
 
In this regard, the following intermediate results have been achieved so far: the architecture and 
workflow of the information system have been developed (Nazirova et al, 2019); global optimization 
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approaches have been adapted to solve forward gravimetric problems, namely, fast simulated annea-
ling (Abdoldina et al., 2020b) and a genetic algorithm (Nazirova et al, 2022b); there are solved and 
tested on practical examples by least-squares fitting gravimetry problems with the simulated annea-
ling approach (Abdoldina et al., 2020a) and using a genetic algorithm (Nazirova et al, 2022a). 
 
The main purpose of oilfield monitoring is to quickly model the current environment state to predict 
the geodynamic consequences such as deformations (i.e. subsidence and activation of fault zones) of 
the surface and/or seismic events (i.e. technogenic earthquakes) within oil and gas fields. To recognize 
the nature of such geodynamic consequences, a constantly updated and improved database of signs 
(predictors) of events in oilfields of a similar class is used. 
 
One of these methods is detailed gravimetric monitoring aimed to evaluate the deformation processes 
in productive oil deposits. It is implemented as a convenient service for data processing and inversion 
of the calculated variations of the gravity field. The main role in the service is given to solving forward 
problems of gravimetry for various model assumptions about the depth structure of the studied geologi-
cal media (Abdoldina et al., 2020a), (Nazirova et al, 2022a). 
 
Gravity modeling is implemented for a set of basic elementary approximating bodies (such as sphere, 
prism, ledge, horizontal layer, etc.), which allows not only to quickly calculate the possible structure of 
real geological structures but also to validate the given solution using other software tools that imple-
ment the same models and approaches. This was realized in order to implement the above-mentioned 
Strakhov's thesis on the third paradigm of geophysical inversion techniques evolution (multiple valida-
tions of solution by various approaches). In addition, the method should be adapted to the limited amo-
unt of initial data given on significantly restricted survey profiles (Dubovenko, 2005). The general ap-
proach to solving problems is not particularly unique and elegant one. 
 
In the 2D forward modeling, we construct an initial model for the source body based on a priori geolo-
gical and geophysical information. Then we calculate gravity anomaly for this model and compare it 
with the observed anomaly. While residual is big, we adjust the model parameters to improve the fit 
between the calculated and observed anomalies. This is recursive three-step process including the body 
adjustment, anomaly calculation, and anomaly comparison. We repeat it until the calculated and obser-
ved anomalies are sufficiently coincide each other. 
 

 
Figure 1 Generalized structure of GeoM numerical module (after Abdoldina et al., 2021) 
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Conclusions 
 
Thus, in the first approximation, an information system for monitoring the state of an oil and gas field 
has been developed, containing a module for solving the forward problem of gravimetry using global 
optimization techniques for a set of simple mathematical models of the geological media, concluded 
in a priori known range of depths in an oil and gas field. This system has a data-driven character and 
allows for: the processing of primary data from field studies of variations in the gravity field; filling 
the database interconnected with other data; import of a priori data; statistical data processing; stable 
solution of the forward problem for three models of the geological media (homogeneous sphere, 
horizontal prism, vertical ledge) within the GeoM module, where suitable parameters are fitted for 
given models by minimizing the residual of gravity variations with global optimization approaches; 
the solution control by simulated annealing algorithm and genetic algorithm; the displaying post-
processing data in the form of a pivot table and appropriate charts. 
 
The stages of statistical processing of raw data, displaying post-processing data, solving the forward 
problem of gravimetry using the fast simulated annealing approach and genetic algorithm, and genera-
ting a report are all implemented in separate modules, which allows you to expand the system capacity 
and maintain its flexibility. In addition to this, a method for multifunctional monitoring of the oil and 
gas deposit area has been developed using the above-mentioned information system. 
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