PO3POBKA POAOBUIW, KOPUCHUX KONAJINH

Heub. [IpuMeHATH U1 CTPOUTENBCTBA MOPCKHUX COOPY-
KEHUH OypoHaOMBHBIC CBaM OOJBIIIOTO CEUYEHMs (IMamer-
poM ot 620 10 1500 mm u OoJiee) C , KECTKHUM CepICUHH-
KOM™, 4TOObI OHHU B3aMMOJICHCTBOBAIM C IICITb(OBBIMU
TPYHTaAMH M BOCTIPUHUMAJIH TUHAMUYCCKHEC HATPY3KU.

Metoanka. B 1abopaTopHBIX YCIOBHSIX HCCIIEIOBa-
HBI CBOWCTBA IIEIb(OBBIX TPYHTOB M BHEIPCHBI B HUX
6yp0Ha6nBHb1e cBau JuamMeTpoM 30 MM JUIMHOM [0
600 MM, TEOpETHYECKH OOOOIICHO ITOBEJCHWE CBal B
menb(QOBBIX TPYHTAX MPH UMITYJIbCHBHO-THHAMHYECKUX
Harpy3Kax OT BHOPaTOpOB.

PesyabsTaTsl. PaccMoTpensr B3amMonmeicTBHS Oypo-
HAOWBHBIX CBaif OOJBIIOTO CEYEHHS C ,,)KECTKUM Cepic-
HUKOM'* TIPH AMHAMHYECKHAX Harpy3kax C MIeTb(OBBIMH
rpyHTamu. IIpu 3TOM JMHaMU4YECKHe HArpy3ku ObUIM
MPUHATBI OT TEXHOJOTHMYCCKOI'O OGOpy[[OBaHI/Iﬂ, MallluH
U MEXaHHM3MOB, a TaK)K€ OT MOPCKHMX BOJIH K MOPCKHM
COOpYKEHUsSIM, ¢ OypOHaOMBHBIMHU CBassMH OOJIBILIOTO Ce-
YeHHsI C , KeCTKUM CEpACYHUKOM®, KOTOpPbhIE TepeaaroT
JIMHAMHYeCKUe Harpy3ku menb(oBbiM rpyHtam. Cocras-
JICHBI PACYCTHBIC CXEMBI JICHCTBUS IWHAMHYCCKUX HArpy-
30K Yepe3 CBau Ha TPYHT, OCTPOCHBI rpaduKku 6~€ B (asze
oxkarus U (ase pazkarus. OnpezneneHsl 3 GeKTHBHOE Bpe-
Ms BOJIHBI C)KaTWsl, M3MCHEHHE JABICHUH B (ha3e cxKaTws,
OTpa)KSHHUS U Pa3PEKEHHS B TPYHTOBOM MacCHBE.
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Hayunasi HoBu3Ha. BriepBbie npeioskeHsl OypoHa-
OuBHBIE CBaM OOJIBIIOTO CEUCHHUS C , KECTKUM CepACUHH-
KOM® MCIOJIb30BaTh JJII CTPOUTEIHCTBA MOPCKUX COOpPY-
)KCHI/II\/’I, KOTOPBIC TMO3BOJAIOT IOJYYUTHh 3HAYUTCIIBHYIO
HKOHOMHIO apMaTyphl TI0 CPABHEHUIO C OOBIYHBIMHU OYpO-
HaOMBHBIMU CBasMH TaKOTO € CedeHWs. Pa3paboTaHb
METOJIBl OTPEICTICHUS B3aMMOJICHCTBHA OypOHAOWBHBIX
CBaif OOJIBIIOTO CEYCHUS C ,,)KECTKUM CEPACYHUKOM ™ TIPH
CTATUYECKUX M IMHAMHYECKUX Harpyskax C meiab(OBbIM
TPYHTOBBIM OCHOBaHHUEM.

IIpakTHyeckasi 3HAYUMOCTb. [IpuMeHeHHe paspa-
0OTaHHBIX METOZOB TIIO3BOJIIET OIIEHUTH CBOICTBa
menb(OBEIX TPYHTOB, BBIOpPAaTh pALMOHAIBHYIO KOH-
CTPYKLIMIO CBAalWHBIX (DYyHIAMEHTOB M HMX COBMECTHYIO
pabory wim B3amMmojeiicTBHe OypoHaOMBHBIX CBaid
OOJIBIIIOTO CEYCHHS C ,,KECTKUM CEPJCYHHKOM ™ C TIEITb-
(hOBBIM TPYHTOM, 9TO OOECTIEYUT YCTOWIMBOCTH M JOJI-
TOBEYHOCTH MOPCKUX COOPYKEHHH.
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Purpose. Development of methods of geoinformation modeling of anthropogenic systems for raising the efficiency

of mining operations.

Methodology. Building of anthropogenic models of mining enterprises and selection of efficient solution options

using simulation modeling and GIS-technologies.

Findings. It was found that developed anthropogenic models enable to describe processes of mining operations to

the fullest extent possible.

Originality. The research used the methods of simulation modeling and GIS-technologies in the building of anthro-
pogenic models of mining systems enabling to ensure adequate model representation of the main facilities and process-

es of a mining enterprise.

Practical value. The main types of anthropogenic models have been developed as well as methods for running of simula-
tion studies. As tested at a number of coalmines of Kuznetsk Basin they proved the possibility of their practical application.
Keywords: anthropogenic models, mining systems, geoinformation modeling

Geoinformation systems (GIS) are used in many fields
of human activity. At the same time, a number of such fields
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and lines of the use of GIS are steadily on the rise. These
systems are of particular importance in mining. GIS are
used at all stages of mining systems:
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- in the course of exploratory studies of the areas of the
earth's crust

- in the course of geological exploration work

- in the course of commercial and operational explora-
tion of mineral deposits

- in the course of designing of mining enterprises

- in the course of implementation of processes of mining
works

- at the stage of temporary closing or liquidation of a
mining enterprise

- for recording the effects of the operation of a mining
system on the environment (natural objects).

It is natural that at every stage of creation and operation
of various mining systems, the GIS, used and models of ob-
jects and processes, created with their help have their
own purposes of use and specifics of building.

Our teams have been doing research in this area for over
two decades. The following are the main scientific findings
of the last years.

All GIS, used in mining systems [1], are designed for
building a model of a mineral deposit. Models have many
types and specific features, but all of them have to be open
and object-oriented. Besides, it is desirable that the models
created should be dynamic. Computer models of mineral de-
posits are generated layer by layer. The entire rock mass is
represented as the aggregate of formations (layers) overlying
on top of each other, located in a voluminous space and in a
well-ordered and gapless manner within the crust section
concerned. Every formation (layer) is comprised of a set of
discrete elements. All discretes are shaped as prisms with a
cross section in the form of regular hexagons equal in area.
An aggregate of upper and lower bases of discretes of one
formation represents roof and floor surfaces of the latter.
Discretes of a multitude of formations, located on top of
each other have a common vertical axis and their cross sec-
tions have the same orientation in space. Elements of each
rock layer are built and positioned in space of a full model
using conventional statistical methods (inverse distances,
semivariograms, etc.), generating a dimensional model of a
layer. For sections of deposits with a low degree of explora-
tion, heuristic methods for building of discrete elements are
used in a weak-link environment. Models of layers are de-
ployed in a well-ordered manner corresponding to their geo-
logical age and are adjusted (smoothed out) for tight inter-
lock with models of adjoining layers. As a result, a continu-
ous model of the geological environment is formed to the
extent of a section of a mineral deposit in question. Simulta-
neously with evaluation of geometrical (spacial) parameters
of every discrete, quantitative and qualitative characteristics
of rock types are determined which make up this element.

Such a complete detailed spatial and attributive descrip-
tion of the model enables to implement on its basis not only
standard functions (such as building of geological plans and
sections, calculation of mineral reserves, implementation of
3D visualization of mineral bodies, interface of the latter in
space with technological facilities of mining enterprises,
etc.) but also to build on their basis models of the 5"level of
anisotropy and higher (simulate rock fall processes followed
by a coal miner face advance, gas emission in worked-out
area, etc.).
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It is known that systems used by man can be divided in-
to natural, technical and natural-technical. Natural sys-
tems exist beyond the will and desire of man (land, seas,
oceans, rivers, atmosphere, etc.). Modeling of such systems
is reduced to the simulation of operation of their separate in-
tegral elements and subsystems in order to determine the
laws of their development and ensure systematic use of var-
ious natural resources for the benefit of humankind.

Technical systems are entirely “a creation of mind
and hand of man” (machinery, plant, mechanisms, facili-
ties, etc). They have specific objectives, algorithms of
operation and as a rule, closed structure. That is why
models of such systems appear before their birth (crea-
tion) and serve in the future to optimize the performance
of such systems and to obtain maximum utility functions
thereof. Such models are most formalized and simulation
results — most accurate.

On the other hand, in big (human-assisted) systems the
most common are compositions of natural and technical
system (components thereof), a characteristic feature of
which is the invariance of ways and means which ensure
their operation. Such systems belong to the class of under-
formalized systems and the processes of their operation are
greatly influenced by the human factor. That is why such
systems and the models which describe them may be called
anthropogenic. Let us show that mining systems in ques-
tion belong to this class of systems.

The main purpose of the creation and operation of a ma-
jority of mining systems is the extraction (production) of
mineral resources and processing of mineral products, de-
rived therefrom for use in the human activity. That is why
such systems are tied to areas of the earth's crust (rarely to
water or air areas), which contain mineral resources. In ad-
dition, many elements (subsystems) of these areas (natural
systems) make part of respective mining systems. In order to
get access to subsoil areas (blocks), a system of mine open-
ings and underground structures (connected anthropogenic
elements) is created, in which people and engineering sys-
tems (machinery and mechanisms as well as supporting sub-
systems: power engineering, transport, air-supply, dewater-
ing, drainage, degassing and other subsystems) are housed
and work. For this reason, such a big composite system,
based on anthropogenic elements, belongs to the class of
anthropogenic systems.

Operation of each geoinformation system yields both
positive results (valuable mineral products) and negative
ones (void formation, deformation of subsoil areas and land
surface, emission (discharge) of pollutants into the atmos-
phere and hydrosphere, damage to biosphere within the
boundaries of the mining allotment upon deployment of sur-
face facilities of the enterprise, spoil dumps and infrastruc-
ture elements, etc.). Here is a rational use of system ap-
proach for creation and operation of any mining system.
Here is why, successful and forward-looking mining enter-
prises use three classes of control assessment criteria, effi-
ciency (utility value), environmental friendliness, safety.

It is evident, that creation and use of models in anthro-
pogenic systems, where it is necessary to take into account
the spatial arrangement and configuration, and, very often,
the movement of individual elements, diversity and change-
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ability of their parameters, requires use of special tools and
systems, the best of which are GIS [2].

Let us consider specifics of the building of anthropogen-
ic models for conditions of coal deposits. Obviously, de-
scribed concepts can be applied to all other types of deposits
of commercial minerals. However, in order to generate con-
trast-enhanced judgments, let us first consider the operation
of enterprises, using underground coal mining method.

At present [3], a predominant number of geomodeling
systems carry out building and analysis of the main (in terms
of content of commercial components) naturally occurring el-
ements of mining systems — beds of mineral resources or ore
bodies. Models of mine workings are most often represented
by layout maps of mining operations (projections of the main
workings onto a horizontal plane or underlying bedrock of
mineral resources, which host them). Axonometric 3D-
models, which are used to a lesser degree, do not have a
“tight” link with naturally occurring elements which host the-
se workings. For this reason, such models are most often used
only for approximate representation of the situation in the an-
thropogenic system. Decisions, due to insufficiency of infor-
mation, are most often taken in an expeditious manner for lo-
cal (in space) subsystems of a mining enterprise by top
executives of this enterprise (“decision-makers”) by means of
judgment-based methods. Until now, a majority of mining en-
terprises have been using work order management systems.

Inconsiderable use of the existent geomodeling systems
(including geoinformation systems) is explained by the fact
that their development involves use of methods which are
well-proven in engineering systems (such as military, space,
industrial, transport, telemetry and other systems). In an-
thropogenic systems, which include naturally occurring el-
ements and “purely man-made” elements and subsystems,
which do not have “strongly-connected description”, such
methods are not enough. Besides, those of them, which do
not take into account stochastic nature of attribute-based in-
formation on such elements (subsystems), objectively can-
not be used for creation of anthropogenic models.

Big systems [4] are characterized by an inability to cre-
ate for them a single universal model of their conditions and
operation. Simulation is carried out using a system of mod-
els, interrelated in space and time with a various degree of
detail in the description of objects and processes (scaling).

For example, in simulation of extension of a system of
workings of productive mines by driving new and elonga-
tion of the existent workings, it is possible to build single-
line 3D-models (tubes) with mapping of the dynamics of
changes in the number and spatial characteristics of driven
workings. Simultaneously, it is possible to build models of
all driving faces at a larger scale with a more detailed de-
scription of objects (elements of a rock mass, engineering
systems etc.) and work processes.

These models are characterized by an accurate descrip-
tion of spatial parameters of elements (surface) of mine
workings based on the results of instrumental surveys, con-
ducted periodically for separate areas of each working. In the
course of mining operations' rearrangement of stress condi-
tions in the elements of rock mass takes place, which results
in their deformation and displacement. This, in its turn, gives
rise to respective changes in spatial characteristics of areas of
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workings, driven in this rock mass. One has to rebuild mod-
els of workings to maintain the adequacy of their parameters
to real parameters thereof, using the results of new instru-
mental surveys. In parallel, parameters of models of elements
of engineering systems are being adjusted, which are de-
ployed in these workings. Parameters of the elements of rock
mass (primarily spatial parameters) are determined instru-
mentally using single exploration drill holes and wells, which
are drilled irregularly with big scatter in time and space.

As a result, such anthropogenic models of rock mass
with driven workings, housing equipment and facilities, will
be most adequate to the described anthropogenic system to
the extent of description of spatial parameters of workings
and elements of engineering systems, deployed therein. Ad-
equate model representation of other influencing para-meters
of the anthropogenic system in question is possible only sub-
ject to joint building and study of the system of multiscale
anthropogenic models using artificial intelligence methods.

The first developments in this field were implemented
for simulation of change in the condition of rock mass upon
underground coal mining directly in the area of second
working/stope [5]. The diagram shows a model of genera-
tion of man-made objects (elements of mined-out space) out
of the naturally-occurring elements of the environment in
the process of second mining of coal in the longwall face.

In the process of coal recovery upon movement of a long-
wall set of equipment, an “empty” space is formed behind it.
Blocks of overlying rock beds lose support from below, go
out of equilibrium, crack, disintegrate, deform and fall in a
random way one after another into open space. Upon un-tight
filling of all this space, cracking and deforming blocks of
overlying rock beds shift downwards, compressing and com-
pacting the masses lying under them. Compacting processes
together with shifting of blocks of an ever-bigger number of
overlying rock beds gradually subside (most often with the
formation of subsidence trough on the daylight surface).

To obtain numerical results, simulation modeling is car-
ried out, using GIS-technologies. Stochastic data, required
for modeling are generated for particular blocks, using fuzzy
logic, on the basis of scattered in space experimental data
(such as physical and mechanical properties of rocks in ex-
ploration wells and mine workings, spacial model of bed
positions with indication of large tectonic disturbances, ref-
erence data on subsurface geology of the region etc.). The
first experimental calculations were made for a number of
stoping faces of coal mines of Kuzbas. They confirm a pos-
sibility of using this simulation method for forecasting the
development of the mined-out area and its impact on the
surrounding naturally occurring elements, technical and
man-made objects. However, in order to increase the accu-
racy of obtained results, it is required to increase the number
of determinants and create “a finer” simulation algorithm.

Given today’s level of technical and technological
equipment of coal mines and insufficient care about the en-
vironment, decision-makers show little interest in more in-
formative description of the object of their activity. Howev-
er, with the inevitable emergence of urgent need for full
automation, and pretty soon, robotic automation of all pro-
cesses of extraction of minerals, these modeling techniques
will be very relevant and in demand.
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Before commencement of <—> 4—> 4P PP — P <—>
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Dia. Model of the process of generation of man-made objects out of natural objects:
1 —elements of beds “draw roof”’; 2 — elements of beds of the main roof; 3, 4 — beds of overlying sets of rocks;
1',2",3’ etc. — man-made elements, I1— cavities
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Merta. Po3poOka MeToziB reoiHpopManiifHOrO Moe-
JIFOBaHHS aHTPOIIOTCHHHUX CHUCTEM IS ITiBUIICHHS ede-
KTHBHOCTI TipHIYOTO BUPOOHUIITBA.

Metoauka. [1o0ymoBa aHTPOIIOTEHHUX MOJIEIICH Tip-
HUYHX MIANTPUEMCTB 1 BUOIp €(eKTUBHHUX BapiaHTIB pi-
[ICHBb 13 3aCTOCYBAHHSAM IMITAIIHHOTO MOCIIOBAHHS Ta
I'IC-TeXHOJIOTIH.

Pe3ysabTaTn. BeTaHOBICHO, IO PO3pPOOJICHI aHTPO-
MOTCHHI MOJICJTi I03BOJISIIOTh HAWOUIBII TOBHO OIKCYBa-
TH TIPOLIECH TIPHUYOTO BUPOOHHIITBA.

HaykoBa HoBH3HA. [loisirae y BUKOPHCTaHHI METO-
IiB iMiTamiiHOTO MOJemoBaHHS Ta ['IC-TeXHONOTIN mpH
CTBOPCHHI aHTPOIIOTCHHUX MOJEINCH TipHIYOIPOMHUCIIO-
BUX CHCTEM, IO JO3BOJIAIOTH 3a0€3IEYMTH aJeKBAaTHE
MOJICIbHE TIOJJAaHHS OCHOBHUX 00'€KTIB 1 MPOIIECIB TipHU-
YOro MiANPUEMCTBA.

IIpakTHyHa 3HaYUMicTh. Po3po06ieHi OCHOBHI THITH
AHTPOITOTCHHHUX MOJICJICH 1 METOIMKA MIPOBEACHHS MO/IC-
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JTBHUX JOCIHIDKEHB, anpoOallist SKUX Ha psai BYTLTBHUX
maxt Ky36acy miarBep/Kkye MOXKIMBICTD X MPAKTUYHO-
r0 3aCTOCYBaHHSI.

KutiouoBi ciioBa: anmponoeenni mooeni, 2ipHutonpo-
MUCTIOBI cucmemu, eeoiH@opmayitine MOOent08anHs

Hean. Pa3paboTka MeTOJ0B TeOMH(POPMAIIMOHHOTO
MO/JICIUPOBAHMS AHTPOIIOT€HHBIX CHCTEM ISl TIOBBIIIE-
HUS 2P HEKTUBHOCTH TOPHOTO TIPOU3BO/ICTBA.

Metoauka. IlocTtpoeHne aHTPONOIEHHBIX MOJENIEH
TOPHBIX NPEANpPUSITHH U BbIOOP A(PEeKTHBHBIX BapuaH-
TOB PEUICHUH ¢ IPUMEHEHHEM HMHUTALMOHHOTO MOJCIH-
poBanus U I'MC-TeXHOJIOTH.

Pe3yabTarsl. YCTaHOBIECHO, YTO pa3pabOTaHHBIC aH-
TPOTIOTEHHBIC MOJICTH TTO3BOJISIIOT HarOOoJIee MOJTHO OITH-
CBIBaTh MPOLECCH TOPHOIO MPOU3BO/CTBA.
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METOJIOB MMHUTAMOHHOTO MoneiaupoBaHus u ['MC-tex-
HOJIOTUH IIPU CO3/IaHUU aHTPOIIOTCHHBIX MOJEJEH rop-
HOTIPOMBIIIUIEHHBIX CHUCTEM, TO3BOJISIONINX O0OECIeYUTh
aJIeKBaTHOE MOJIEJIbHOE TPEJCTaBICHNE OCHOBHBIX 00B-
€KTOB U TIPOIIECCOB TOPHOTO MPEATIPHUSITHSL.

IpakTuyeckass 3Ha4YUMOCTb. Pa3zpaboTaHbl OCHOB-
HbIE TUIIBI aHTPOIIOI'C€HHBIX MOJIeNIell U METOUKA MPOBE-
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Purpose. To study the influence of metal casing parameters (casing conductivity and casing thickness) on the electrical
field and the second derivative of potential in cased hole formation resistivity technology.

Methodology. The calculation formulas of the electrical field and the second derivative of potential were derived in multi-
layer media. Then the models of nondefective casing well and corrosion casing well were built in COMSOL soft. Moreover,
both the electric field and the second derivative of potential were numerically calculated for nondefective casing well and cor-
rosion casing well separately. Meanwhile, the influence of metal casing was analyzed.

Findings. The lower the conductivity of the metal casing is, the stronger the electric field and the second derivative of po-
tential are; the electric field and the second derivative of potential are affected by metal casing parameters. These changes are

always in close relation to corrosion defects in metal casing.

Originality. The models of cased hole were built in finite element analysis soft (COMSOL). The relation curve between
the electrical field and casing parameters (conductivity and casing thickness) was obtained. The influence rule of metal casing

was analyzed in detail.

Practical value. The results are applied to instrument design and logging interpretation.
Keywords: electrical field, the second derivative of potential, corrosion metal casing, cased hole formation resistivity

logging, cased hole model, COMSOL sofiware

Introduction. With Logging technology has been ap-
plied in the whole process of oil and gas exploration and de-
velopment. The technology is an indispensable means of ac-
curate oil and gas beds discovery and reservoir description,
also provides important basis for reservoir determination, oil
and gas reserves calculation, productivity evaluation and
development planning, etc. Oil and gas reserves evaluation
was based primarily on formation resistivity measurement,
which has an irreplaceable engineering value for Hydrocar-
bons [1]. The traditional resistivity measurement was applied
in open hole, and when the well was cased, compared with
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the formation resistivity, the metal casing resistivity was ex-
tremely small, therefore, the borehole resistivity logging in-
struments are not used in the casing well [2]. The cased hole
logging is usually used in the old well, where the metal cas-
ing suffers from the high temperature, pressure and corro-
sion, defects such as holes, cracks, distortions, corrosions,
fractures and collars will occur to the casing itself [3]. These
defects influence the formation resistivity measurement, the
logging response, when these defects are greatly serious, the
logging data cannot be obtained, which makes the formation
resistivity acquisition by logging interpretation impossible.
Previous research in this area includes as follows. In
1990, Kaufman [4] developed a theory to describe the elec-
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