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ABSTRACT 

The authors present the theory is numerical/analytical method of multi-scaled 
4D geomechanics  geo-dynamics of energy integration in geo-physical rhythms of 
Eigen-solution of Navier-Stokes equations for multi-level geological time-space of 

Law V T 2 2 following the integration formula of A. Einstein 
2 V T uv dtdx eate the theory (Restoration) and Maintenance of 

Water Eco-System with Given Parameters. They establish the geophysical seismic 
rhythms of geological cycles in deep structural formations of the Volga-Urals and 
Siberia and Kamchatka at dissipative emission, adsorption and nuclear magnetic 
resonance. The authors propose the systematic velocity model of convective 
diffusion drift of  in deep phase components of heterogenic structures with 
complexly structured geology in off-shore and global aeration of Middle Ridges 
from the Urals to the Rocky Mountains. They have also considered the energy time-
space of more than 4,5 billion years to find the organic markers of quantum photo-
synthesis and multiple circulating energy waves in physical and chemical reactions 
of compacted formation genesis in fissile and relict shales, including the facies with 
symmetrical absolutely-saturated porosity of classical fields. They establish the 
geophysical seismic rhythms of geological cycles in deep structural formations of 
the Volga-Urals and Siberia and Kamchatka at dissipative emission, adsorption and 
nuclear magnetic resonance. The authors propose the systematic velocity model of 
convective diffusion drift of uv
structures with complexly structured geology in off-shore and global aeration of 
Middle Ridges from the Urals to the Rocky Mountains. They have also considered 
the energy time-space of more than 4.5 billion years to find the organic markers of 
quantum photo-synthesis and multiple circulating energy waves in physical and 
chemical reactions of compacted formation genesis in fissile and relict shales, 
including the facies with symmetrical absolutely-saturated porosity of classical 
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INTRODUCTION

Currently, the energy production companies are facing the problem of 
deteriorating quality of the bottom-hole, ore reservoirs and well production rates 
[1], [2], [7]. To maintain and increase production levels, it is necessary to locate 
complex bottom-hole and multi-segment wells in challenging geological 
conditions, compacted ultra-low-permeable formation rocks and uncompacted 
unconsolidated zones of reservoirs with a high content of shale and compacted shale 
rock. This entails high risk uncertainty in well construction, drilling and equipment 
stability, as well as a long-term forecast of quality in development and in business. 
Geo-information models are required for assessing the geological risks while 
developing marine, Arctic and deep-sea off-shore areas and mountain regions. We 
need conjugate models of adjacent structures of the continental slope and foothills 
of the mountains, shale reservoirs (compacted and low-amplitude) with high-
resistance and low-permeability, geological reserves that are considered low-
profitable but having the reserves much larger in their size than traditional ones. 

Scientific interest is given to the method of decomposition with additive 
integrated solutions in 4D geomechanics structural polarization of space-time 
continuum with continuous quality development of substances, evaluation of 
geological risk with anthropogenic factors of geophysical fields synergy not in the 
two-level [13], Fig. 1. The evolution of substance structure development is not 
taking place in macro-scale of the averaged space of classical linear 3D models, but 
is in the micro level of physical and chemical processes of 4G+ molecular mobility. 
The energy of substance development is continuously distributed at the phase levels 
of atoms and electrons in ionized fields [15]. Molecular mobility starts with 
energetic ion and quantum processes of phase mobility, matrix stress stability and 
nuclear magnetic resonance. Stress stability and resistance present the initial state 
of space and time with substance. This criterion meets the model of a single 
multiscale energy distribution potential and the structure of space and time. We 
consider the model with a like-foam structure from gas to condensate, liquid to solid 
and back to dust, followed by its reverse repeated dissolution of the reversed 
destruction and deposition. These models of noosphere by V.I. Vernadskiy [14], the 
reflection of neurons by I.P. Pavlov, and the evolution of the Earth by O.Yu. 
Schmidt, type of progressive waves of substance phase development by L.D. 
Landau. 
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Fig.1. Decomposition of dissipation halos in mobile elements A( ,t) of evolution in 

proper forms of reservoir development and phase windows of cognitive geology 
and artefacts  

To start effectively the new information 4D+ models (Fig.1) cognitive 
technologies of business processes [8], [9], [10] are actively introduced into 
production activity. These technologies allow us to reduce the time of field start-up 
into operation and increase the efficiency of decisions taken by data integration that 
was not used earlier in the analysis, which in its turn gives a new vector in 
development. Based on the results of the analysis several companies identified the 
following priority areas for the introduction of cognitive technologies: 

 Digital processing of 4D seismic data massifs; 
 Geological and hydrodynamic modeling of 4D geomechanics; 
 Complex analysis of multi-scale research results; 
 On-line processing of hydrodynamic studies of operations; 
 On-line detection and prediction of challenges; 
 Automation of data pick-up processes and machine processing of 4G+ 

data massifs.  

 
Fig. 2. Global cycles (Gardner) in cognitive geology of longitudinal and 

transversal geo-navigation (K||H, H), indices of reservoir development  
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The dilemma of time uncertainty with additive robotic technologies is clearly 
presented in Gardner-type geological cycles (Fig. 2). Uncertainties with 
expectations of geo-exploration procedures, drilling and development occur both at 
the beginning and at the end of further cycles of historical and man-made 
development of deposits, when it would seem that everything is known about the 
fields like Mukhanovskoye, Romashkinskoye and Samotlorskoye. Unsolved 
problems with modeling from the view-point discrete statistics and tectonics are 
resolved quite successfully in a continuous space of time, when viscosity of fluids, 
according to interfacial relaxation, passes into viscoelastic plastic structures of 
repeatedly reversed energy processes of destruction, dissolution and deposition. We 
are speaking in this case about the global sustainability of multi-scale reservoirs of 
the Atlantic area of development from the Mediterranean Sea up to the Bering Strait 
of the Pacific Ocean, Sakhalin and Kamchatka. Plastic substances are washed out 
continuously up to the ore rock skeleton, shale oil, forming compacted borders, 
impermeable for the new stage of 4D+ development. Therefore, in the course of 
operation, the field evolves either in the non-reservoir areas, lens-type or vertically 
uniaxial, fractured deposits, which are actually traps and what is observed on all 
layers on the entire planet during the complete time of their development. In the 
global timeline of today the oil from a single continuous space does not flow where 
it flowed yesterday or will flow tomorrow. This solves the problem with multi-scale 
flow around the Earth along the 4G+ spiral of the shady ion structure by gas flows 
of hydrogen and carbon dioxide from Antarctica to Africa, the North Pole, the 
Bering Strait and the Rocky Mountains. There is a hydrodynamic kinematic reversal 
of the jet streams processes in numerous faults, depressions of the Pacific Ocean 
such as the Mariana, towards America, China, and the Ring of Fire  the El Nino 
current to Australia, India, and the Mediterranean Sea. There is a continuous process 
of the Earth core compaction and a cyclical shift of the Earth's magnetic pole from 
Greenland to Taimyr.  

Geologists identify the roofs of the fields, but any roof rests on wedging areas, 
areas of relict shale and higher phases of C+7 oil catagenesis. However, this is also 
the oil of a single time development in organic deposition of the global aeration 
with the Middle Ural Range, Kamchatka and the Rocky Mountains. Therefore, we 
need to solve the problem of the swelling surface of the Earth and the deposited 
rocks from Gondwana to the present days. In this case the differential laws of 
Newton and Darcy do not have members that transmit information in time, such as 
the similarity of deformation moments and the amount of movement. We need the 
information that the same substance had come to point "b". It is necessary to 
determine the oil at the control points of the system (Backup). So, just yesterday 
shale oil was not included in the concept of oil, and today due to its presence oil 
reserves in America have increased in many times. The laws used today take into 
account the movement of parallel similarity of ballistic paraboloids of the Bernoulli 
type, and exist only in local sections of global spiral trajectories. It is necessary to 
involve higher-order derivatives of multiscale correlation in velocity pulsations. 
These are small velocities but with ultra-small angles of deformation moments in 
excess of large double-sided fractal areas, polar density pulsations and shady 
structure velocities. Electromagnetic induction fields can melt the iron in fractions 
of seconds, having second-order boundary conditions such as zero gradients. On 



Section ENVIRONMENTAL GEOLOGY 

115 

what kind of thermodynamics can we speak at the edges and corners of the pyramid, 
if the sides are made of iron, carbon and gas having various densities? Electric 
induction currents occur. Moreover, it should be noted that we are not speaking 
about the processes with open systems, but with the closed ones, quite terrestrial, 
the latest kitchen technologies. According to the law of equilibrium with 
communicating vessels, the ions, penetrating into the system, (e.g. organics) near 

without flowing through the conductor. 

 
Fig. 3. Seismic geological profile of geo-navigation indices for the graben-type 

depressions and uplifted blocks of reservoirs in Buzuluk depression of the Volga-
Urals region. 

The concept of multi-scale similarity for system models of complex reservoirs 
fully fits into the theory of 4D facies geomechanics and compacted formations from 
the Mediterranean Sea to Sakhalin, which includes gas pipes as well as Taimyr. If 

already - -navigation? 
It should be noted that no pressure gradient of complex mining equipment can turn 
back the speed of the opposite migration towards the direction of the bottom hole 
or the well, unless forced to carry away the differential "piece". The fracture must 
at least have the same type of complexity as the matrix, only with a negative phase 
sign. Thus, the Volga-Ural formations have many sub-indexes with strokes, either 
double and triple. Fig.3(a) compiled in the 50s by Yu.N. Godin et al. corresponds 
to the cognitive geology of the proposed 4D model of the regional reservoir up to 
Sakhalin and Kamchatka. Fig.3(b), where I - the South-Eastern slope of the Tatar 
arch; II -the Sernovodsk-Abdulinskaya depression; III - the Kinel arch; IV - the 
Buzuluk hump; V - the Chagansky-Kamelikskiy bar; VI - the Northern side of the 
Caspian depression; 1 - the surface of possibly Proterozoic formations; 2 - the 
surface of the Pre-Cambrian Foundation; 3 - fault zones; 4  dislocations in the 
sedimentary rock column.   
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Fig 4. Regional formation quality for the formation of shale oil in Rocky 

Mountains (a,b) scales of phase velocity and attenuation of dissipative structure 
development (c) 

Geophysical generation and accumulation of rock formations and facies phase 
boundaries of the deep-water shield are characterized by the following General 
features: 

 Complex organization of multi-scale space, weakly expressed 
structural control, fluctuations in production and inflow profiles;  

 Limitation of deposits by faults, lithological re-placement of 
reservoirs, low permeable drain compacted segments, lack of 
production, phase inflow, stagnant capillary-jammed zones of 
counter-flow impregnation, convective-diffusion shear deformations 
of tangential stresses;  

 Changing in time grid of lines and planes of multiscale sliding and 
free surfaces, fractures and mass and volume deficits. 

Non-equal temperature, viscosity and difficulty in inversion of saturation, 
pressure, undefined phase concentrations of 4G+ momentum transfer moments, 
scope of motions, foam structure of nuclear magnetic resonances, compacted scales 
of deformation moments, and the near-zero arm of ultra-large high-amplitude polar 
impulses of the anti-phase shady structure. 

Main observations, facies, formations, and geological uncertainties 

Figure 4 presents the 6 main formations of hard-to-recover US oil reserves and 
the quality of their production rates, which account for >90% of production of 
unconventional fluid reserves. These are compacted formations of shale oil: 1. 
Midland Wolf-camp; 2. Delaware Wolf-camp; 3. Bone Spring; 4. Eagle Ford; 5. 
Bakken; 6. Scoop, Stack & Cana. Shale is an oil-saturated carbonate and shale 
formation. It consists of four intervals A, B, C, or D. The largest number of wells is 
drilled in the Wolf- -camp continues to be one of the most 
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stable unconventional oil formations due to the developed infrastructure and 
constantly growing productivity of wells that provided break-even development of 
the main zones of the formation. In the Permian deposits, which have a long history 
of oil and gas production, there is a developed structure of oil gathering, processing 
and transportation compared to other less mature formations of hard-to-recover oil. 
Operators and companies engaged in oil processing, storage and transportation 
continue are actively planning to build additional capacity to accommodate the 
growing production in the region. Initial production rates in each formation zone 
are still increasing, but this increase in ultimate recoverable reserves is more 
modest. Operators are trying to optimize the balance between initial production 
rates and volumes of the ultimate recoverable reserves. 

METHOD AND THEORY 

New technologies to provide the influence upon the reservoirs, the 
development of technical control and monitoring means over the production 
processes as well as simulation of the fields with hard-to-recover reserves often do 
not have any adequate reflection in the cognitive science of solutions such as in road 
maps widely used at the scale of industry. This is due to the fact that very often for 
complex cases there are no sufficient specialized physical and mathematical 
algorithms and techniques [3], [4], [5], that allow improving the control over the 
development processes. Scientific support of the problem is related to the integral 
method in resolving fundamental theoretical and applied problems of non-linear 
functions with distributed time parameters [6]: 

 Thermodynamics of vector contact of two-level space in a porous 
medium (horizontal well), which is the basic problem of large-scale 
averaging of volume mass transfer and wave transmission of 
momentum of the number of the motion;  

 Geo-physical interpretation using conceptually new information on 
the structure of productive layer (skin factor of dynamic anisotropic 
roof-bottom stratification, etc.); 

 Development of a theoretical adapted understanding of specific 
models and methods to calculate stresses and deformations in rock 
masses, the movement of concentration and dispersion halos of the 
resources during field development. 

The result of the work is the development of new ideas on the complex 
geological environment, the system organization of multi-scale phase movements, 
the principles of synergy and self-organization. The multi-scale "anomalous" 

 -
physical generalization of the Pollard-Pearson double pore space. Dynamically non-
equalized shear layer of tangential stresses has a maximum level of dissipative 
energy accumulation, structural 4G+, and higher pumping phases [10]. The stressed 
deformed state of the deep medium forms the asymmetric deformations of the 
polarized mass transfer with matrix conductivity and permeability. The neo-
tectonics of fractures increases the regional hydrodynamic structural relationship by 
orders of magnitude. If a fracture is formed once, it will never disappear forever and 
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will develop from the tangential structure of the "viscous" vacuum to the compacted 
elasticity of the substance in the geological body.

Geo-physical Rhythms of Structural Compaction and Proper Forms of 
Space Geological Polarization 

Equation recorded in cylindrical system of coordinates has the shape of 

longitudinal and transversal waves [11], [12] with complex wave number k for the 
equations of the fourth order:  

) = a1Jo(z )+a2Yo(z ) = a3J1(z )+a4Y1(z ), 

where, Jo(z ), Yo(z ) - zs=ks . Satisfying the boundary 
conditions we get a system of equations of the fourth order. This result in 
characteristic equation for the proper frequencies in sheared layer , where, 

   and 
attenuation factors Im(k) of permeable membrane depending on the frequency 

o, where, c = 1/2. In case with no shear stress the diffusion 
is equalized by dissipation velocity 

* - ii· ii
*+[µ* - ij· ij

*}dx, 

where, ij - deformation. In this case the normal stresses are attenuated, the 
tangential stresses are increasing and pressure gradients are restructured into 
tangent stresses. Symmetrical pressure is split-down into asymmetric stresses, radial 
velocities  into molecule-diffusive pulsing impulses. Shear stresses coinciding in 
their direction with the averaged velocity increase diffusion pv  and imbibition 
velocity uv . In reverse case they drop it down, thus the displacement front 
becomes a selective one, re-distributing, heterogenic-phase type in its density. 
Almost at zero frequency a bending wave appears, defined by the Young's modulus. 
As the frequency increases the phase velocity tends to the speed of the transverse 
wave. At high frequencies the phase velocities merge on a large scale and become 
self-similar. 

With natural frequencies there are sharp declines in the attenuation coefficients. 
With the natural frequency of k ~ 1 the amplitude becomes several tens of times 
greater than the thickness of the shear layer thus forming powerful transverse surges 
of the trapped density. The anisotropy coefficient becomes less than 1, increasing 
the deformation of the inclined sliding surfaces of hydrogen, carbon dioxide, 
methane hydrocarbons, gas-oil and water-oil contacts, carbon-mica and shale strata, 
and breakouts of displacing agents during development. While the normal stresses 
are attenuating the tangents increase with the natural reformation of radial pressure 
gradients in the shear and membrane stresses. The symmetric pressure is split into 
asymmetric stresses, and the radial velocities of the averaged filtration are split into 
diffusion pulsations. The permeability anisotropy coefficient becomes less than 1. 
Shear stresses that coincide in the direction with the wave velocity, i.e. if the torque 
coincides with the direction of the filtration flow, increase the diffusion of "pv" and 
the impregnation rate of "uv". In the opposite case they reduce them, thus the 
displacement front becomes redistributive. In the absence of shear stresses at the 
boundary, diffusion is balanced by the rate of dissipation. With natural frequencies 
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the diffusion attenuation coefficients and the ion energy transfer are reduced. The 
amplitudes become significantly larger than the thickness of the shear layer by 
several tens of times. As a result of resonant-wave decompression of the rock, the 
declining-vertical zones of secondary porosity are formed and they that do not 
coincide with the geometry of the initial sedimentation. 

The presence of a closed, hydrophobic porous medium radically changes the 
thermo-dynamics of hydrocarbon mixtures in pore space and the hydrophilic 
aeration phase of the Mid-Ocean Ridges. The existence of surface layers with an 
internal compacted structure has been proved experimentally and theoretically. The 
most convincing is the statement on block formation movements in structural 
elements of sedimentary cover traps and it "works" when modeling the areas with 
ancient foundations. Due to planetary stresses the dynamic structures of tension and 
compression are formed here, as well as diagonal structures of shears and sliding 
planes. The same time deposits of different timing structure are formed:  

 Structures associated with the erosion foundation of step-like sinking 
structures.  

 Lateral distribution of the stretching tension forces of consi-
dimensional processes in small structures of sedimentation.  

 Compression stresses are clearly presented in the formation of neo-
tectonic structures of mass deficit pulses and volumes of initial 
development in fractures with negative curvature of borders, 
potentials and gradients. 

CONCLUSION 

Convective-diffusion fields of cognitive geology as a function of reservoir 
quality integration form a new type of dynamic stability, such as stable stress 
stability in blocks of the wells, regional exploration programs and forecast of the 
stationary part with the inflow stages. 

Shear structural surfaces with abnormal complex evolution of inorganic and 
organic reservoir systems are able to accumulate energy and arrange mass transfer 
along the certain trajectories of nuclear magnetic resonance phase interactions in 
sliding surfaces. 

The block structure of heterogeneous stability in the compacted-decompressed 
space and resonant-wave phase relaxation of natural and technogenic pulses opens 

in diagnostics and regulation of inflow and optimization taking into accounts the 
risks of cognitive geology and the evolution of the substance.  
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