5th International Conference on the political,
technological, economic and social processes 2015

MATHEMATIC MODELLING

Anufriev V., Belov V., Lebedev Yu.

MULTI-OBJECTIVE
OPTIMIZATION OF COMPLEX
SUBSOIL USE ISSUES"

Anufriev Valeriy, Russian Federation, Ural Federal
University named after first President of Russia B.N. Yeltsin

Belov Vladimir, Russian Federation, The Ural State
Mining University

Lebedev Yuriy, Russian Federation, The Ural State
Mining University

Abstract

A comprehensive solution of eco-economic and social
issues is required due to the existing situation in subsoil use regions.
Interdisciplinary approach allows to resolve issues in interrelated
economic, ecological and social sectors of exploring, extracting,
grading, processing of subsoil and processing of subsoil waste.
Optimization of subsoil use issues includes modelling, tasks
generating, resolving of single-objective (evaluation of solutions
ambiguity) and multi-objective (concessions substantiation) tasks.
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Comprehensive solution of eco-economic and social issues
of subsoil use is required due to setting of optimization tasks
(Germeier) which include:

I formalization of subsoil use issues;

I statement of subsoil use objectives optimization;

I substantiation of optimization criteria combination;

I selection of techniques of solving of subsoil use issues.

State {X} and management {Y} parameters (Yakovlev,
Kornilkov) can be used for formalized subsoil use presentation. The
first parameters are set, the second ones can be changed in the course
of system (option) of subsoil use development. Such division is
arbitrary as any group of parameters (even one parameter) can
specify either subsoil use option condition or its management
depending on the kind of being resolved issues.

The state parameters are divided into:

I independent parameters which specify total natural
resources potential of regions, deposits and eco-economic
assessment of subsoil use territories and

! dependable productive and descriptive regulatory
framework of subsoil use.

The list of certain subsoil use system parameters is
indicated in Fig.1.
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Fig. 1. Subsoil use system parameters
Each parameter value is limited by certain conditions of

deposits and subsoil use. All parameters groups are interdependent:
some cases feature randomly significant dependencies, others feature
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logically understandable general relations, and third ones require
specific studies. It is important to know dependence of parameters of
ecological consequences on different options and kinds of subsoil
use. Certain kinds of parameters should be represented
mathematically; they should describe the type of distribution, its
form, scale, and interdependence sequence, nature of dynamics in
time and space.

Quality of comprehensive solution of subsoil use eco-
economic and social issues is evaluated by efficiency factors D
optimization criteria, that are any state and management parameters
or subsoil use features set forth subject to these parameters.

Objectives of subsoil use optimization tasks are various.
Generally, these tasks can be divided into two types:

I Search of optimal subsoil use management parameters
values {Y} for the existing parameters system{X};

I Search of optimal state parameters values {Y} for set
subsoil use management parameters {X}.

It is required to choose an option, among the first type tasks
of possible options of subsoil use management showing a
combination of specific control parameters for existing deposits,
with known state parameters with the optimality criterion U reaching
the extreme extent. The objective function has the following form:

HM); () (D) 117 (1)
with {(1); (s); (DD} ¥ 1"#$%

In such tasks enhancement parameters can be featured as
main parameters among control ones: technological development of
deposits (S), complex use of extracted resources (r), financial and
economic systems (A).

Solution of specific issues employs selection of main
parameters, which define most of other parameters. Thus, the
selection of optimal deposit development on Far North in respective
weather conditions mainly depends on barrow depth.

The objective of optimization tasks of deposits complex
development, development of optimal system of industrial wastes
processing, development of transport and power supply systems in
the territory of intensive subsoil use is generated in the same way.

It is required to find such tasks among tasks of the second
type of existing deposits environment, which assure the extreme
relativity U criteria with the set control parameter values. The target
function has the form:

U{NtMIM! ()} > "% (2)
with {(1I(D!(e); (D} 1 1"#$H
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Ecological and economic aspects dominate in such tasks.
They comprise substantiation of priority and schedule of deposits
development, remedial programs and recovery of natural landscapes.

Any of state and control parameters and subsoil features
determined by such parameters can be used as subsoil use criteria;
the main thing is that they should be quantified values. Criteria are
determined subject to licensed objectives and lie in production of
respective (not always maximum) quantity of material benefits that
is extracted mineral resources and provision (preservation) of
favourable environmental conditions with minimal total expenditures
for direct and social labour.

The general form of the subsoil use subsoil criteria is a
vector:

U NI HmaxIT; 1"# 1)1 (3)

where min 3 is criteria of minimal impact on the ecological
potential of the subsoil use territory, max II is criteria of maximum
use of resources potential of deposits, max C is criteria of maximum
provision for social needs in the subsoil use territory.

Vector related optimization (3) is performed based on
anticipated (scientific and technological) expenses for subsoil field
development with reference to accumulated ecological consequences
and condition of social sphere in the subsoil use territory. That is
basic (principle) criteria assume compromises in the course of eco-
economic and social subsoil use issues.

Additional criteria are gradually introduced along with other
main criteria to show more widely both separate subsoil use sectors
(economic, ecological, technological, social aspects) and all subsoil
use system. Thus the criteria of a minimal impact on the
environmental potential of the territory.

min! 1 1(Y0 ARITE_ AN(4)

where AW, , 18, 10, AW, are indices for change
(decrease) of ecological potential of the air, atmosphere, vegetation
cover, soil and kinds in the subsoil use territory.

Thus, decrease of water regulation potential of the subsoil
use territory caused by transformation of vegetative and soil cover in
the form of decrease of the underground river flow can be calculated
by the formula:

PE, =L« 11(, —(1—=1)11); MM, (5)

where L is a total annual precipitation rate (mm), ** is a
river flow index, a share (of 1) summer precipitation in the annual
precipitation total, # is an index of precipitation increase due to
forest cover, C;and C,are indices of the underground component of
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the river flow for forest covered territory and subsoil use territory
(without vegetative and soil cover).

General provisions of subsoil use single-objective system
optimization can be divided into two parts: 1) when the optimal
option is determined because of strict mathematical methods and
expressed in a single combination of identified parameter values; 2)
when the definite result cannot be determined.

The calculations show [Lebedev and others], that complex
subsoil use system task optimization features optimality criterion
change flatness when approaching the extremum. Fig. 2
demonstrates a scheme of such situation where search of optimal
subsoil use option subject to the min D criterion reveals the zone of
relatively equal options B; ,EE, Bswith similar 3, ,E, D5 criteria
values featured by a composition of subsoil use parameters
{1y ey, L E I (1,1 (), 3. This peculiarity does not
allow to clearly determine the best (optimal) subsoil use option.
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Fig. 2 Schematic of optimal solutions ambiguity area

composition

Ambiguity of such single-objective solutions is associated
with insufficient knowledge of assumed subsoil use parameters,
inaccuracy and insufficiency of basic information in the subsoil use
economy (R. Sollow), ambiguity of environmental consequences of
business activities. At present, the ambiguity is aggravated by
difficulties related to the green economy development (international
recommendations on coal output cut-down), arising social risks
(public health), employment and migration). Ambiguities arise in the
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course of evaluation of potential ore bearing deposits in the eastern
part of the Urals and Eastern Transurals; here the ore bearing layers
overlaps with several hundred meters sedimentary covers and the
mountainous Urals soft sediments nearby are dumped for up to 600D
800 meters depth (Koroteev and others).

In case of optimal subsoil use decision ambiguity area, the
unambiguous definition is based on heuristic methods (Owen) which
employ specific indices. Average costs, minimax costs, minimax
risks criteria are suitable for subsoil use optimization. The subsoil
use options matrix is compiled for determination of such indices
(Table 1).

The index i means the subsoil use option in the ambiguity
area (Fig. 1), index j is a number of combination of subsoil use
control parameters.

Table 1
Subsoil use options matrix

Optimal subsoil use control Subsoil use options (state parameters) in ambiguity
parameters values for _ zone
options (1, E, j, E, n) X4 E X E X
Y Su | B | O E O
E E E E E E
Y u [ E [ o [ E o
E E E E E E
Yn 3n1 E 3ni E 3nn

Indices of average expenses (in this case the minimal
impact of subsoil use on environmental potential of the territory) are
determined by the maximum of average values of the 5 index on
each combination of parameters (in vertical directions):

RSN [ 0 IT'S O R —
e LR EENG

If minimal expenses indices are used (minimal impact of
subsoil use on environmental potential of the territory), it is required
to select the subsoil use option with the worst result, which is better
than the worst of any other option:

LR, !}""" = "% 1,3, (7)

This criterion as compared to the criterion (6) is insured for
negative consequences in case of the most unfavourable
implementation of the subsoil use management system.

As for extremely complex subsoil use management options
(for example in eternal frost territories) the most optimal option is
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selected by the minimal risk criterion. The I;; matrix (Table 1) is
transformed in the Rij matrix of risks pursuant to the relation:

Ry ¥ 1. 03 1 1, —max3,. (8)

The sense of this criterion pertains to eliminating risks of
too big losses in any subsoil use sector (economy, ecology, social
sphere) against arising of unfavourable conditions in the subsoil use
system.

Thus, partial criteria are used for finding optimal subsoil use
parameters going by the result of single-objective optimization; each
partial optimization criterion specifies its composition of subsoil use
state or management parameters.

Multi-objective subsoil tasks can be solved by using a
certain optimization criteria composition (Melentiev, Popyrin) or by
synthesis of the global optimization criterion (Ventuelle).

Note that combination of certain criteria can be measured
simultaneously in ecological (natural), social and economic units.
That is the combination of partial optimization criteria can be
incommensurable in strict sense. This provision reflects
particularities of existing interdisciplinary investigations b ecologists
seem mistrustful of economic indices while economists are not that
much interested in understanding of the ecological subsoil use sector
(with natural ecosystems) and sociology.

Multi-objective subsoil tasks can be solved by using a
certain optimization criteria composition (Melentiev, Popyrin) or by
synthesis of the global optimization criterion (Ventuelle).

Note that combination of certain criteria can be measured
simultaneously in ecological (natural), social and economic units.
That is the combination of partial optimization criteria can be
incommensurable in strict sense. This provision reflects
particularities of existing interdisciplinary investigations b ecologists
seem mistrustful of economic indices while economists are not that
much interested in understanding of the ecological subsoil use sector
(with natural ecosystems) and sociology and they limit their subsoil
use apprehension through professional characteristics.

For the subsoil use global optimization criterion where
probably economic measurement is acceptable, and where money is
a summarizing equivalent of all subsoil use sectors.

Upon strict ranking of criteria by importance (relevance),
their priority depends on ecological, economic and social conditions
in the subsoil use territory. Thus, development of the ore production
complex in Kachkanar (Sverdlov region) mainly depends on
ecological factors as the ore deposit is located on the soil of
protecting forests of the forests reserves and settlements.
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Development of oil production complex in Western Siberia (Khanty-
Mansiisk autonomous district D Yugra) is related to the necessity to
preserve traditional natural management of the Siberian indigenous
community; the social aspect of subsoil use plays a very important
rule here. Substantiation of the subsoil use development strategy in
the northern and polar regions (Yamal-Nenets Autonomous District)
puts economic criteria to the foreground surely with respect to
ecological conditions.

Ranking of partial criteria in the course of multi-objective
optimization requires firstly to substantiate a scope of concession to
the extreme values of these criteria.

The scope of concession $,, $,, $. (partial criteria in the
form (3)) is determined by analysis of interrelation of partial criteria.

So the D criteria concession needs setting of several !!”), 6, , E
values determining of respective H(!s(l)), H(!!”)), E values. It
makes clear the dependency of the $ , concession on I1.
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Fig. 3 interprets graphically this dependency. The
estimation results show that at first even the minor $ , concessions
make possible to obtain a significant benefit from the min 3 criteria.
Further increase in the $ , concession leads to benefits slowdown.
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Fig. 3 Graphical interpretation of the min ® and max P
criteria concession substantiation™ a is dependence of the criteria of
change of the environmental potential of the subsoil use, b is
dependence of the P criteria on subsoil use options, ¢ is
interdependence of the P and D criteria.
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So in the course of multi-objective subsoil use optimization
each partial criteria in the min 3 max IT and max C combination (3)
has a correspondent $ 1, $ ,, $5 substantiation deviation.

Search for optimal subsoil use option in the course of multi-
objective optimization (first type task (2)) leads to the following:

1) determination of min 5{(a,), (*)! (1), (m)};

2) determination of max IT {(1,), (B)! (1,)!(¥,)} at

{(ax)! (T (cz), (1)} ¥ min D{(ay), (1! (L), (A)}+$;

9)
3) determination of max C {(¥,)!(B3), (*,)! (13)} at
D{(1)! (1), (e3)! (P} ¥ min B{(ay), (B! (1), (a)}+$,;
IT{(Y3), (B3)! (! )! (mz)} = max TT{(*,)!(15), (c)! (Y1)} -
$-

Conclusion

24



5th International Conference on the political,

technological, economic and social processes 2015

The above methodology of the multi-objective optimization

allows to approach ecological, economic and social issues of subsoil
use with a solution. The multi-objective optimization of subsoil use
was practically applied to abstraction of effective oil producing
complexes management in the territory of the traditional subsoil use
in Western Siberia in the regions of tribal lands of the northern
indigenous minorities.
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