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Introduction and problem definition

There has been registered a «genre crisis» on
the development of management systems in
the field of human geological activity, i.e. the
versatile use and protection of geological en-
vironment so far. This crisis is a contradiction
between the growing economic, social and en-
vironmental challenges, supported by techno-
logical progress, and a state of analytical
support for appropriate management actions.
Insufficient efficiency of traditional methods of
data providing about geological (both human-
made and geological) objects and processes
based on the analog methods of their modeling
(although with the certain role of computer
technologies) is in basis of the indicated con-
tradiction.

Overcoming of this crisis is possible by in-
troduction into geological practice of the target
oriented expert systems (TES) being based on
principles of target complex modeling of geo-
logical environment by means of modern com-
puter technologies with the elements of
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artificial intelligence. Thus, the purpose of this
work is a projected elucidation of the stated
problem.

To achieve this purpose the following tasks
are:

— submission of principles, methodology
and methods of the TES creation;

— denotation of the TES basic directions,
their tasks, structure and content;

— demonstration of existing developments;

— denotation of prospects for this scientific
direction.

The results of long-term researches by
composite authors team in the area of geolog-
ical structure, material composition studies
and modeling of sedimentary formations have
formed the foundation for the statement of this
problem. Researches were mainly conducted
for some salt-bearing, red-colored terrigenous
and placer (titanium-zirconium and auriferous)
formations. Lately, specific ecological aspects
have also become an additional important sub-
ject for study and applying in modeling.
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Definition of expert systems as «target» im-
plies its focused orientation to solve specific
practical problems of high complexity related
to the multipurpose subsoil use (extraction of
mineral resources, underground construction)
and geological environment protection.

Pre-history of the idea

The idea of the TES creation came as a natural
result of long-term researches in the area of
geological objects modeling. The first stage
was creation of conceptual structural-litholog-
ical models (SLM) of geological objects for
certain types of sedimentary formations that
allowed to develop the effective principles of
their system structurization. The received re-
sult showing the method high informative and
prognosis effect has logically resulted in a con-
clusion about possibility of further develop-
ment of these functions by means of
geoinformatic technologies application. Prin-
ciples of digital SLM (DSLM) creation have
been developed on the base of such technolo-
gies by our authors’ group. The results of digi-
tal modeling have also confirmed expectations,
and examples of some models showed the
high level of technical, informative and progno-
sis functions [Xpywes n gp., 2010; BoceBcbka
TaiH., 2010; Khrushchov et al., 2010b]. How-
ever, it became very clear that the DSLM was
able to be effective for the geological objects
of certain level of complication with the deci-
sion of the limited number relatively simple
tasks belonging to resource and mining geo-
logical directions.

Later a real situation put the necessity of
complex problems decision embracing several
aspects of a geological environment handling;
there are resource, construction and environ-
mental ones, etc. (for example, Solotvyno rock
salt deposit, Kalush mining and industrial dis-
trict, where the problems of mines flooding
were complicated by surface catastrophic de-
formations). Such complicated problems can
only be solved by means of complex target
models creation embracing a few subject sub-
ordinate models (being based on DSLM). Such
complex model is the basis for the TES cre-
ation.

However, the offered complex model has a
vulnerable characteristic: a procedure of sub-
ordinate models connection by experts pro-
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vides any receipt of more or less grounded de-
cisions, but expert-man possibilities do not
allow to embrace a plurality of model compo-
nents arising in process of connecting models
and some increasing uncertainties. Thus, at
this stage our complex model can be consid-
ered as unaccomplished in terms of the univer-
sally recognized canons of expert systems.

That is why we need to solve the problem
tasks on the basis of expert analysis of said
step results, i.e. the further evolution of this
scientific direction already becomes the sub-
ject of geological cybernetics. Accordingly,
identification of the expected result in the rank
of expert system (ES) is valid in the classic
sense.

Methodology and methodical approaches
ES is the direction of artificial intelligence tech-
nologies — the concept from the list of the sub-
jects of cybernetics as a science about the
management system’s.

Principles of the ES creation are being de-
veloped from 1960™ with the purpose of deci-
sion of the highly specialized plural tasks.
Some existing determinations of expert system
are the following:

ES is a class of computer programs, which
give advices, conduct an analysis, execute a
classification, give any consultations, etc. They
are oriented to the solution of challenges with-
out a man-specialist for carrying out expertise
[TayHceHn, doxT, 1990].

ES is a software tool using expert knowl-
edge for effective tasks decision in a certain
subject domain intended for a professional
user of average level (expert) [CyG60TiH,
2008].

ES are based on knowledge, namely, on its
two structural elements: knowledge base and
apparatus of logical decisions. In a method-
ological plan ES includes two fundamentals: 1)
traditional computer database processing; 2)
computer processing of complex of expert
data and rules (knowledge bases). Otherwise,
not only formalized and algorhythmizated
knowledge as some mathematical models of
processes (dynamic submodels) and objects
properties (static submodels) are used but also
system of information and logical rules used by
specialists non-obviously for the problem so-
lution. The special mathematical apparatus im-
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itating expert work has been created. Modern,
object-oriented programming languages of
high level are used for solution of standing
tasks.

Thus, the ES structure is the following:

1) conventional database about object
properties;

2) mathematical methods for the data pro-
cessing and receipt of the determined or sta-
tistical models of objects and processes;

3) knowledge base containing the expert
rules;

4) logical and proper mathematical appa-
ratus for decision.

The typical expert system structure is rep-
resented on the Fig. 1 [Kanpanos n gp., 2004].
It should be noted, medicine diagnosis, psy-
chological testing and chess program expert
systems are the most developed by today.
However, ES of geological direction differ sub-
stantially from other systems. One of the most
general differences is that a professional-ex-
pert (but not a user-customer) is the actual
their user because their final product is no de-
cisions, but a semi-finished product being an
initial conclusion for decisions making by an
expert only. The second most important differ-
ence is that geological information is exactly

represented by quantitative information. That
is why the digital object model has been a base
of ES. Obviously, this second difference ex-
plains the delay in development of ES in the
field of geology.

The methodological principle of geological
target ES creation is a connection of two theo-
retical directions (disciplines): geological com-
puter modeling and geological cybernetics.

The geological computer modeling is the
creation of the computer virtual 3D reflection
of geological objects and geological processes
(processes taking place in a geological envi-
ronment).

A geological object is a site of the Earth’s
crust of a certain size, selected for any target
geological study [Cyb660TiH, 2008].

The DSLM is an example of computer
model of a geological object; it is virtual 3D re-
flection of geological object, containing its
structural and qualitative descriptions [Xpy-
wes, Jlobacos, 2006].

The most part of well-known examples of
processes modeling refers to hydrogeological
direction. There is the «Nedra» system devel-
oped by Institute of cybernetics and Institute of
geological sciences of NAS of Ukraine in do-
mestic practice.
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- Recommendations
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Data input
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Fig. 1. Structure of expert system (http:/ itteach.ru/predstavienie-znaniy/ekspertnie-sistemi)
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Geological cybernetics (originally, geocy-
bernetics) is «...the branch of knowledge about
structure regularities of the complicated self-
organizing and self-developing natural and
natural-human-made systems and passing of
managing processes in them», otherwise, «...
about general acts of storage, transmission
and information processing in the systems that
are subject of geological and geographical sci-
ences» [KapeToB n gp., 1989].

Obviously, it should use artificial intelli-
gence technologies being the subdiscipline of
cybernetics to create the target geological ES
in the proper modification. These technologies
tasks correspond to items 3 and 4 of the ES
structure given above. Understanding of
«knowledge base» (item 3) must be based on
the development of «geological knowledge»
concept. According to the definition by A.S.
Smirnova (1985), the geological knowledge is
the aggregate of all documented information
on composition, structure and history of
Earth’s development [CMmupHoBa, 1985].

Thus, the knowledge base applied to the
geological ES is the collection of knowledge
about structure regularities and material com-
position of geological objects as systems, in-
terrelationship between the elements of these
systems and neighbor systems, and an inter-
action between the systems and between their
elements and, finally, development (evolution)
of first and second ones.

It should be reminded a database in geol-
ogy is the complete set of specific data on
structural, material and other features of spe-
cific geological objects (for static modeling)
and parameters of processes in a geological
environment (for dynamic modeling).

From the methodological point of view, the
complex evaluation of geological environment
of the marked obiject lies in the TES basis. A
complex model is the execution tool of this
evaluation. The methodological basis of mod-
eling is a consideration of geological objects as
systems that is characterized by the external
and inner structures with their stages in the de-
velopment and certain relationship with sur-
rounding systems. Proceeding from this
position, two types of models (static and dy-
namic) are allocated. The structural and litho-
logical models belong to the number of static.
Dynamic ones are: hydrodynamic, paleotrans-
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port, migratory-geochemical and etc. From
point of subject, the subordinate models, com-
posing complex model correspond to certain
geological sciences (disciplines) or their com-
binations. The most used models such as
structural and lithological (SLM), hydrogeolog-
ical, geomechanical et al are considered
below.

Now the development of separate subject
models has already been a routine task. How-
ever, their connection for creation of complex
target models already represents the task of a
higher grade. The special direction is submit-
ted by a new investigation named «structural
and lithological modeling with the geological
and dynamic filling» or «retrospective-state
structural-lithological modeling» (A. Laviorov et
al., 2014). That modeling has been executed
on the example of heavy minerals placers (spe-
cial fundamental project). When performing of
this investigation, an attempt to add dynamic
aspects of placers formation to prepared SLM
was carried out, that should improve a progno-
sis function of modeling. Different types of task
solutions are considered below.

There have already been examples of ES of
geological direction in world practice such as
DIPMETER ADVISOR, DRILLING ADVISOR,
ELAS, LITHO, PROSPECTOR. The majority of
them have technological and geophysical ori-
entations. We know the only ES example -
PROSPECTOR, which advises geologists dur-
ing ore deposits prospecting.

Principles of development
and functional possibilities
of geological objects digital models
Procedural schemata and expected results of
different subject and target directions model-
ing are examined. The procedural scheme of
DSLM is most developed [XpyLues n ap., 2010;
Khrushchov et al., 2012]. It embraces the im-
plementation of the following stage tasks: de-
velopment of model’s structural component,
lithological filling of structural elements, elab-
oration of programmatic tools for decision of
tasks connected with concrete DSLM, elabo-
ration of programmatic tools for model visuali-
zation and realization.

A model can be general geological inform-
ative and target-oriented. At creation of target
model the add-on of its general structural-
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lithological part by the initial data is carried out.
Composition of target model database is de-
termined by the purpose of modeling. If it is
prognostication of minerals, controlling factors
can be entered in to a model such as lithofa-
cies, facies, geochemical and mineralogical in-
dexes, zones of lithogenesis stagewise,
contents of useful component, and also other
data, related to established conditions of its
distribution. If a formulation of the problem of
geological environment selection for any un-
derground construction takes place, it need to
take into account those factors, which charac-
terize physical-mechanical properties of mas-
sif (these factors are used for calculation of
long-term sustainability and insulating ability
according to the technical requirements to
construction type).

The first generation of SLM are static; how-
ever, they are sufficiently effective to address
the issues of prognostication, prospecting and
exploitation of sedimentary formations de-
posits. Adequacy and resolution of prognosis
function can be increased by introduction to
the modeling of dynamic aspect that is our pur-
pose while creating of the second generation
of SLM.

The best example of that is current result of
a new authors’ product «structural-lithological
modeling with the geological-dynamic filling»
see above. Methodological basis of this prod-
uct is different scales progressive stage mod-
eling; and different stages of modeling are
characterized by different content of struc-
tural-lithological and geological-dynamic com-
ponents.

The complexes of traditional subject meth-
ods, reflecting the geological-dynamic aspects
of mineral concentrations forming mainly cor-
respond to the small- and the medium- scale
stages of structural-lithological modeling.
Medium and the large-scale stages of struc-
ture-lithological modeling are complemented
(except for traditional dynamic constructions)
with the authors’ complex of methodological
technique including two most effective such as
method of masses balance and diffusive-con-
vectional model (Lalomov, 2010).

For resolution the first from them corre-
sponds to the small- and medium-scale mod-
eling (regional and zonal levels), and the
second — mainly large-scale and detailed mod-
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eling (from zonal to the local level, i.e. of ore
fields and separate deposits accordingly).

The geomechanical models are intended
for evaluation and prognostication of geome-
chanical state and processes in massif. Their
basis is also initial data of SLM and additional
data obtained on the basis of established inter-
dependencies between lithological features
and physical-mechanical properties of rocks
[XpywieB, OkceHkpyr, 1983].

The hydrogeological models are dynamic
essentially, i.e. they are the subject of hydrody-
namics. The main task of hydrodynamics is
determination of dynamic properties of ground-
water; but it in combination with hydrochemistry
also serves as a basis for migratory schemata,
and also schemata of karst, landslides and
other dangerous geological phenomena devel-
opment. Taking into account that the filtration
properties of rocks are the determinative factor
of hydrodynamics, the role of SLM is further en-
hanced since it exactly represents volume char-
acteristic of structural and matter matrix, in which
groundwater streams are moving. It should be
noted that the hydrogeological modeling is the
most developed and methodologically grounded
direction of the geoinformatics; it has been
widely described in scientific literature.

Functional possibilities of models are de-
termined by their subject as it applies to the
TES tasks. The DSLM example is considered to
demonstrate. Functional possibilities of this
model are shown for the static, dynamic and
retrospective aspects represented by proper
submodels (Table 1). As shown in Table 1 the
functional possibilities of modeling for direction
of the mineral resources use include the follow-
ing. For static submodel:

— selection of favorable facies (and geno-
types) for ore-forming processes (sedimenta-
tion and sedimentation-diagenetic types);

— selection of favorable lithofacies and
lithotypes for localization of epigenetic ore
body, selection of reservoir rock;

— establishment of the spatial distributing
of geochemical barriers and other ones in con-
nextion with underground construction.

For dynamic submodel:

— prognosis of realization of favourable
lithofacies and facies (for ore deposits);

— prognosis of reservoir rocks realization
(for the deposits of hydrocarbons).

ISSN 0367-4290. leon. xxypH. 2015. N2 3 (352)



Table 1. Structure and functional possibilities of structural and lithological model

Possibilities
Static submodel

L
>

for selection

Facies (and genotypes) favorable for ore-forming
(sedimentation and sedimentation — diagenetictypes)
Lithofacies and lithotypes favorable for localization
of epigenetic ore bodies and beds of collectors

Distribution of barrier properties of geological-
geochemical environment

Dynamic submodel (open
systems, interaction of quasi
closed systems
and open systems)

Possibilities

L
’

for prognostication

Realization of favorable facies

Possibilities

for prognostication of
collectors realization

Submodel of interaction of
system with other systems

Ore bodies Deposits of hydrocarbons

(all are quasi closed systems) Possibilities ‘

for forecasting of
pollution behavior

Modeling of geological environment pollution

For direction of geological environment
protection the possibilities of static submodel
include revealing of the spatial distributing of
physical-mechanical, barrier properties in ge-
ological environment; and for submodel of
model systems interaction — a prognostication
of dynamics of contamination spread and other
dynamic processes are also included.

It should be also noted that DSLM is a ma-
trix basis for development of subordinate rank
models of dynamic orientation characterizing
the processes of heat-and-mass transfer (hy-
drogeological, thermalphysic, super imposed
processes).

Principles of complex models
development

The target complex model must reflect as a cer-
tain subject interest (resource, mining, ecolog-
ical) as the necessary aspects for effective
realization of the program actions. These as-
pects are represented by the proper subordi-
nate models. In a methodological plan the
integration of subordinate models (submodels)
reflects is dynamic constituents of systems or
their inner structure elements interrelations. In
a plan of different theoretical models of geolog-
ical objects the procedure of models uniting
reflects also different intercommunications,
interaction, processes. The row of the subordi-
nate models used for construction of complex
target models can be very wide. Their functional
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role in a complex model is defined, coming from
their subject. For example, seven basic subject
models are in composition the theoretical com-
plex ecological-mining-geological model of ge-
ological environment evaluation for placing of
radioactive wastes isolation objects (storage of
geological type), such as: structural-tectonic,
lithological, geomechanichal and engineering-
geological, geochemical, thermophysical, hy-
drogeological and hydrogeological migratory
[Khrushchov, Tabachny, 2001].

Combining of subordinate models is an un-
traditional task due to substantial growth of
quantity of elements, factors and events (sce-
narios).

From a complex model to TES:
methodological approaches

If we consider the complex model as the basic
one of TES, from the methodological point of
view it (model) must display such the following
features of the explored object:

—internal and external structure, and qual-
itative adjectives of object’s elements (static
aspects);

— dynamic aspects of object characteriza-
tion as a system, which display its (system)
formation and establishment (retrospective
modeling), and also interaction of inner ele-
ments of the system as well as its interrelations
with the surrounding systems, i.e. functioning of
the system with the function of prognostication.
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The reflection of these features is reached
by procedure of the complex model construction
by connection of subject models, as subordinate
(Il hierarchical rank). During realization of this
procedure there exist the following difficulties:

— significant increase of number of ele-
ments in inner structure of the system;

— significant increase of number of the
processes being entered into the modeling
and synergism effects caused by them.

Growth of quantity of uncertainties and, ac-
cordingly, change of correlation of the model’s
determined and probabilistic constituents
becomes the consequence. Obviously formal-
ization of certain part of elements of such a
complicated system already can be ambigu-
ous. Allthe more so it concerns the block of de-
cision making. Thus, at the stage of integration
of models there is the sharp change of formal-
izing (computerized) and expert constituents,
i.e. qualitative transition from the computer
modeling to the modeling with participation of
cybernetic constituent takes place.

An expert constituent is based on the sub-
stantial analysis of the received results, to the
consistency check of them to existent theoreti-
cal ideas of this subject domain, often informal
and not even formalizable, and can result in the
awareness of necessity of model regularization
at the level of basic data and reiteration of sep-
arate stages or the complete cycle of modeling
process. In addition, the target decision can be
the product of qualitative expert analysis of the
numerical results got from the subordinate sub-
ject models of geological object complex model.
The qualitative expert analysis can be realized
as the complex of procedures for treatment of
expert rules base (knowledge bases). Accord-
ing to definition such a system consisting of the
object database, knowledge base and mathe-
matical tool of knowledge base treatment is ES,
in our case it is the TES of geological object.

Coming from the resulted definitions, the
ES competence is determined by adequacy of
geological rules on which the subject and com-
plex models of geological objects are built, and
also by adequacy of factographic basis and its
taxonomic structure.

Pragmatism of the offered methodology
consists of the following possibilities of geolog-
ical objects evaluation:

— static prognostication of useful properties;

24

— dynamic prognostication: 1) the increas-
ing of resolution capability of static modeling
by a path of retrospectively-dynamic con-
stituent introduction; 2) dynamic prognostica-
tion of properties changes of geological
environment in time.

In whole, the marked possibilities mean the
informative providing for solutions of resource,
building and ecological problems in the field of
geological environment multipurpose use and
protection.

TES typification and content

It is possible to outline three conceptual
functional directions of TES: 1) use of raw ma-
terial resources; 2) underground construction;
3) protection of geological environment. Since
the complex model underlies the TES basis, it
can consist of some subject models (Table 2).
The complex of models for concrete object is
determined by the subject (by the system of
measures) of this object handling.

For different directions and separate types
of ES the different complexes of models are in-
herent. According to the system destination,
such separate blocks are singled out: resource-
geological, resource-mining-geological, min-
ing-geological, ecological-mining-geological,
ecological-geological.

The complexes (sets) of models (and their
content) significantly differ within the limits of
the outlined groups and also depending on the
purpose of ES.

According to considered above typification
of main directions of geological activity, proper
to them the TES directions and complex mod-
els respective to the last we can represent the
principlal TES schemes. On the first stage
being based on experience of construction of
digital subject models and complex target
models, we will mark that the last already are
the TES of incomplete type (without the ele-
ments of artificial intelligence). Such definition
needs to be considered valid by virtue of their
complex character and effectiveness.

Nipping in ahead, we must represent the
principle scheme of the TES for geological
problem of complete type, which is built on the
basis of specificity of geological objects and
geological knowledge, taking into account the
systems of type decisions, and itis universal for
all geological activity directions (Fig. 2).
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Table 2. The typization and content of complex target models in basic directions

of geological activity

Direction of geological activity

Direction of complex model

Determinative subject models

Resource-geological
(open pit mining)

Structural and lithological

1. Extraction of mineral resources

extraction)

Resource-mining-geological
(mine and geotechnological

Structural and lithological,
geomechanical,
hydrogeological, etc.

2. Undergroung building:
2.1. Objects with man’s access

Mining-geological

Structural-lithological, geomechanical,
hydrogeological, thermalphysic, etc.

2.2. Underground storages
(reservoirs)

Mining-geological

Structural-lithological, geomechanical,
hydrogeological, thermalphysic, etc.

3. Geological environment
protection:
3.1. Territories of mining
enterprises action

Ecological-mining-geological

Structural-lithological, geomechanical,
hydrogeological, etc.

3.2. Territories of other violations
of geological environment (pollu-
tion by toxic substances, etc.)

Ecological- geological

Structural and lithological,
hydrogeological (migration
including), etc.

Target expert system (TES)

Decision-making module 2

Service unit
of knowledge
base

Knowledge base

Decision-making
module 1

Complex module |

Module of complex model construction

Complementary subject models
i I I
e S O

Structural and lithological model (SLM) I

M(}delin;, module

I Database I

Tasks identification, concept elaboration,
definition of modeling graph

Problem

jeological object

Fig. 2. Principal scheme of geological problem TES

As general schemes of TES of different di-
rections in some elements repeat oneself, in
order to avoid repetitions we show those their
parts, which are individual, i.e. do not repeat
oneself in TES of other directions. Such are the
digital complex models with the proper sets of
complementary subject models. It is below
given a list over of complex models schemes
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with indication of aims and tasks (according to
direction of geological activity).

1. Use of mineral resources. Purpose:
information-analytical providing of types of
(step) of R&D: prediction — prospecting —
exploration — exploitation.

1.1. Resource-geological subdirection
(for the open pit operation of mineral deposits)
(Fig. 3, a)

1.2. Resource-mining-geological subdi-
rection (underground operation of deposits)
(Fig. 3, b)

2. Underground construction, including un-
derground construction within salt structures

2.1. Storages of power resources (oil, gas,
oil products) and some other materials (Fig. 3, ¢)

2.2. Repositories of toxic wastes (Fig. 3, ¢)

3. Protection and remediation of geological
environment.

3.1. Remediation of dangerously contami-
nated geological environment (Fig. 3, d).

The TES tasks: 1) ascertainment of geolog-
ical environment properties from point of
projected methods of the object remediation;
2) substantiation of decontamination methods
selection.

3.2. Disturbance of geological environmentin
territories of mining activity (it is shown an exam-
ple of scheme of the TES complete type (Fig. 4).

Tasks of TES: 1) management of degraded
territories as a result of mining activity; 2) man-
agement with the rest part of mineral deposits
reserves.
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Discussing the results.

Examples of a target complex models
development as a basis

for the TES creation

Nowadays some examples of DSLM have al-
ready been developed. According to the direc-
tion of mineral resources use, the DSLM for
several typical placer ilmenite deposits (Zloby-
chi, Krasnokutsk, Motronovka, Tarasovka) and
auriferous mineral deposits (Kanev-Zveny-
gorod prospective area, Balka Shyroka and
Dnieprovske gold-ore deposit) are demon-
strated. According to the direction of geologi-
cal environment protection, the examples of
two geological objects of salt mining activity,
wherein complicated ecological situation has
been taken place are shown below (Solotvyno
rock salt deposit, Transcarpathia, and Kalush
mining industrial district, Precarpathians). De-
scriptions of models have been resulted in a
number of our publications.

Placers ilmenite deposits. Creation of
DSLM for a number of this kind deposits
demonstrates the provision of the following
tasks solution:

— ascertainment of ore bodies spatial dis-
tribution, tracing of their correlation with litho-
facies and facies, genotypes etc. (Fig. 5,A);

— automatic calculation of reserves on the
fixed grade of ore component (Q and C, see
Fig. 5, A);

— working of the complex method of prog-
nostication for deposits of this type.

In addition, the deposit model provides the
basis of the part of technological tasks solution
by means of ascertainment for the spatial dis-
tributing of granulometric parameters, clay
content, harmful minerals and also determin-
ing of selective mining conditions for deposit
(the task of related technological model).

Auriferous placers. The DSLM of Kanev-
Zvenygorod prospective area has provided the
decision of the following tasks: the ascertain-
ment of reqgularities of facial, lithofacial, paleo-
relief association of mineralization; the
selection of prospective areas.

The DSLM of gold deposit Balka Shyroka
has shown the following results:

— ascertainment of spatial distribution of
gold, silver and copper in relation to of crust of
weathering zonality;

— ascertainment of regularities of facial and
lithofacial localization of mineralization in over-
lying strata;

— allocation of perspective areas [XpywieB
n ap., 2010].

| Complex resource-geological model

a

Modul of complex model construction

d Complex ecologic-geological-technological mode

t

Modul of complex model construction

Complementary subject models

Mineragenic I‘alcudynamic| !|Engincering—ge0lngical| i Processing characteristics | et al.

Structural and lithological model ‘

Complementary subject models

Hydrogeological,

b Complex resource-mining geological model |
Modul of complex model construction

Complementary .subjccl models

(hydrodynamic, hydrochemical,

‘ Geochemical migratory)

f

‘ Selection of water purification technologies

| Structural and lithological model

f

| Complex ecological-mining-geological

Modul of complex model construction

‘ Structural and lithological model

Modeling module

1!

Complementary subject models

Structural and lithological model [

i_(ieomechnnicz_l_l_. E(icochemical. I'I‘he'r‘mogh!sical_: Enginecring,—gmlngicali etal

Geological

: Pollution
environment

Database

Fig. 3. Schemes of multipurpose complex models for various subdirections of geological environment use:
a — for resource-geological subdirection; b — for resource-mining-geological one; ¢ — for ecological-mi-
ning-geological one; d — for ecological-geological-technological subdirection (environment remediation)
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on ecological aspect

Decision-making module -2
on resource aspect

Decision-making
modulc on

[ Knowledge base |<—)ksncmcc ok

Deeision-making

owledge base module on

ecological aspect -1

resource aspect -1

Sclection of technologics Sclection of
for geological environment = TCROUreC management
disturbances management COTTHJ]&!X eculggical_mining model technologics
Module of complex model construction
Complementary subject models
Tl'ydmgcologlcal, hydrodynamic, hydmchc1n1cal| ‘GCUIDW}]HH]U&I ||l:ngmeermgfgeologlcul
g : Structural and lithological model : = |

Modclin‘rg module

Ecological aspecj[TRecource aspect

Database

Dircction identification, concept
claborationc, modcling graph designation

Ecological aspect |

scological cnvironment disturbances
management: karst, sinkholes, hydrogeological
(hydrodynamics and hydrochemistry)

Compound ecological-resource problem

| Recource aspect

resource management
(protection, utilization)

Geological object of complicated structure

Fig. 4. Scheme of the TES for handling with the disturbed territories resulting from mining activity

These resulted examples testify that for the
considered types of deposits and ore occur-
rences, the structural-lithological modeling is
the basic self-sufficient constituent of future
TES, which are intended for providing of deci-
sions for prevailing part of the tasks, aimed at
development of these deposits.

The examples of the TES preparation for ter-
ritories of salt mining activity in connection with
ecological problems are also shown below. The
methodology of target modeling for territories of
salt mining activity characterized with ecological
problems is based upon the identification of
biosphere disturbances caused with techno-
genous impact upon salt massifs [Khrushchov
etal., 2010a; Khrushchov et al., 2012].

Solotvyno rock salt deposit. Here an emer-
gence ecological problem is related to territory
of activity of the State Enterprise «Solotvyno salt
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mine». This emergency environmental situation
development has resulted in a flooding of two
functioning rock salt mines due to intensive salt
karst with formation of enormous sinkholes and
other concomitant deformations of surface.

For administrative decisions providing as
the main analytical tool we offered construction
of complex ecological-mining-geological model.
This model must include three constituents such
as structural-lithological, hydrogeological and
geomechanical-engineering-geological ones.

The DSLM of Solotvyno rock salt structure
has been completed so far. It provides the
following:

— ascertainment of the physical-mechani-
cal and barrier properties spatial distribution in
salt massif environment (assignment of initial
data for the geomechanical and hydrogeolog-
ical modeling);
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Q=214 thousand tonncs
Q=32 thousand tonnes

10<C<25 kg/m’
C=<10kg/m*

Ilmenite content, kg/m*

i

I—

Fig. 5. Visualization of digital models: A — Zlobychi deposit of iimenite; distributing of content and calcula-
tion of ilmenite reserves in a crust of weathering; B — Solotvyno rock salt deposit with displaying of favo-
rable (1) and dangerous (2) characteristics of rock salt for deposit exploitation and underground facilities
construction: a) horizontal section, abs. elev. +50 m; b) section online | — |

— ascertainment of the spatial distributing
of petrographic and geological production
types of rock-salt (for further ecological safety
multipurpose use of this salt body (Fig. 5, B);

— clarification of relief of salt massif surface.

Hydrogeological and geomechanical-engi-
neering-geological models must be constructed
for decision of the proper subject questions
about the mechanism of development and prog-
nosis of dangerous geological phenomena.

Elaboration of complex ecological-mining-
geological model has to provide the following:

— complex evaluation of the salt massif state;

— drafting of prognostic map of dangerous
geodynamic processes development;

— elaboration of monitoring scheme (geo-
mechanichal, hydrogeological, etc.);

— substantiation of measures on limitation
of dangerous geological processes conse-
quences;

— substantiation for choice of promising
sites for further deposit underground use.

Territory of the Kalush mining industrial dis-
trict. The emergency environmental situation
development within the territory of the Kalush
group of potassium salts deposits has resulted
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in substantial consequential adverse effects.
There are a flooding of potash mines and open
pits; progressive development of ground sub-
sidence and collapse threatening buildings and
other facilities; progressive salinization of the
geological environment including groundwater,
rocks and soil; prospect of high mineralized
brines inrush from open pit into a small river,
threat of tailing pool destruction and release of
damaging substances into the environment.

Presently we have elaborated the program
of geological environment modeling for this
territory. The tasks of the contemplated mod-
els are as follows.

Structural-lithological model:

— spatial distribution of lithofacial complexes;

— description of their morphology, material
composition, structural and textural signs,
lithotypes singling out.

A model gives initial data for elaboration of
hydrogeological and geomechanical-engi-
neering-geological models, taking into ac-
count two directions: resource and ecological).

Hydrogeological model:

— construction of hydrodynamic schemes
with presentation of sources of water and areas
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of unloading, prognosis of regime changes on
possible scenarios;

— construction of hydrochemical schemes
with displaying of forming and conditions
changes of main parameters, prognosis of hy-
drochemical parameters changes on possible
scenarios with ascertainment of salt and other
types of contamination in aquifers.

Geomechanichal engineering-geological
model:

— modeling of bearing capacity and long-
term stability of any elements of the object’s
human-made and geological system;

— modeling of deformations of the earth’s
surface and main elements of the object an-
thropogenic-geological system;

— prognosis of dangerous geological
processes (subsidence, sinkholes, landslides)
manifestations.

The necessity of account of a site fold-
block structure is the peculiarity of the stated
models elaboration. Thus, the constructions
have been conducted on certain tectonic
blocks. In turn, it determines the leading role of
structural-lithological model.

A complex ecological-mining-geological
model must display all informative and progno-
sis data of the considered models, namely:

— state and prognosis of dangerous geo-
logical phenomena including geodynamic one;

— state and distribution prognosis of salt and
concomitant contamination in aquifers and ge-
ological environment, and also surface waters
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