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Introduction

Irrigation and drainage sector formed
as an independent one in Ukraine in the
last 3540 years and is positioned on
the intersection of environmental man-
agement, agriculture and hydrotechni-
cal construction (Aydarov, Golovanov
& Nikolsky, 1990; Karuk, 1992; Rex,
1995; Shumakov, 1996; Romashchenko,
Sobko, Savchuk & Kulbida, 2003;
Rokochinskiy, 2010; Rokochinskiy,
2016). The some problems we observed
in Poland (Pierzgalski et al., 2012). The
most intensive development of land rec-
lamation in Ukraine occurred in 1966—

—1990, but in 1991 the state capital in-
vestment in the water management sec-
tor in general and specifically in melio-
rative construction was sharply reduced.
Gradually sharp decline over the years of
construction and reconstruction of drain-
age systems and complete shutdown
of their state funding occurred in 2002
(Rex, 1995).

This situation leads to inadequate
supply of material and technical resourc-
es, fertilizers, lack of land improvement
measures, disruptions in energy supply,
reducing the amount of work on main-
tenance and repair of reclamation equip-
ment, permanent loss of skilled personnel,
incomplete use of scientific develop-
ment, insufficient information support
of farms and so on. Existing meliorative
systems (MS), especially drainage, do
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not correspond to progressive demand
of agricultural production, they are also
obsolete outdated and require renovation
and modernization. This shooed be cor-
responded to the National Program of
Water Management and Environmental
Rehabilitation of Dnieper river basin till
2020 and other standard legal acts which
allow water melioration functioning.

In addition, today a very acute prob-
lem of climate change arises (Rokochin-
skiy et al., 2019). Therefore, a search for
alternative ways of development of hy-
draulic variants of melioration, optimal
types and designs of drainage systems,
more efficient, reliable and environ-
mentally friendly ways of reduction the
material input, energy, funds, job, water
capacity of agricultural production, also
increase of food production and agricul-
tural raw materials is an urgent position.

Reclamation development in
Ukraine in, general, and particularly, in
the drained area inherent all objectively
common both as positive and negative
trends. First of all, it concerns the fact,
that the large-scale reclamation develop-
ment requires significant investment, but
the resulting economic effect of this is
at least 60—70% from the project (Shu-
makov, 1996). Failure to achieve effi-
ciency from reclamation project is due
to lack of knowledge about the results
of interaction of human reclamation ac-
tivity with natural processes and taking
them into account in the construction of
reclamation facilities. Therefore, ways
to improve drainage reclamation lies in
the development and improvement of
methods of optimization of design and
calculation of drainage systems and their
components on environmental and eco-
nomic bases. In particular, transition to

multivariance in the substantiation of
design solutions is the search for the op-
timal design solution from selected pos-
sible alternatives. The main objective
of comparative evaluation is to choose
more economical and environmentally
friendly investment options, that is, to
ensure maximum impact from reclama-
tion activities at the lowest cost for their
realization (Shumakov, 1996).

As in previous years, and now, in
practice, procedure of development of
alternatives design solutions (DS) and
selection of the best ones is absent, al-
though in state building codes (SBS V.
2.4-1-99. Melioration systems and struc-
tures) fixed that the technical solutions as
for schemes and structures of basic rec-
lamation constructions should be taken
on the comparison of key technical and
economic indexes of different options.
However, in practice, on the initial stage,
after the necessary studies and research,
project organization developed a tech-
nical draft of a project and later, it just
clarifies, adds and substantiates its fea-
sibility and effectiveness. Although the
final choice of water regulation methods
and their related type constructions and
projects of MS can be done only consid-
ering technico-economical substantia-
tion (TES) of optimal decisions by com-
paring their alternative variants (ways
and projects of water regulation) on the
object, which is under discussion.

Materials and methods

The need for this approach may be
explained by the lack of reasonable and
effective methods of research and se-
lection of the optimal variant reclama-
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tion project. Therefore, substantiating
design solution on environmental and
economic basis needs improvement
of the design process, especially when
considering clarifying or drafting stag-
es (Shumakov, 1996; Mazhayskiy,
Rokochinskiy, Volchek, Meshyk &
Jeznach, 2017; Mioduszewski, Kow-
alewski, Zurawski & Stankiewicz, 2010;
Rokochinskiy, Volk, Pinchuk, Mendus
& Koptyuk, 2017).

Modern methodological basis and at
the same time, universal technical tool
that allows to improve the practice of
designing complex objects and systems
that is successfully used and developed
in almost all fields of science, technolo-
gy and industry is computer aided design
—building information modelling — BIM
(Rahman, Suwal & Jéavija, 2013; Jusz-
czyk, Vyskalab & Zima, 2015).

In structural terms BIM is an organi-
zational and technical system consisting
of a large number of interrelated and in-
teracting components. The main function
of BIM is to carry out object aided design
and their components through the use of
mathematical models and other automat-
ed design procedures and computer tech-
nology (Mazhayskiy et al., 2017).

One of the major design goals is to
find the optimal design solution from the
chosen possible options. The essence of
optimization thus is fixed on finding the
best (possible) design decision based
on climate, landscape, soil, geological,
agronomic conditions, which gives the
minimum (maximum) of some aimed
function, that characterizes the overall
(complexed) effectiveness of the de-
signed object. So for the implementation
of optimization the main requirement is
to possess the alternatives, i.e. options

totality of design decisions as for natural
agro-reclamation conditions and forma-
tion of a real object terrain.

Results and discussion

Therefore, at the design stage of new
construction or reconstruction of agri-
cultural production system (APS) and
hydromeliorative system (HS) accord-
ing to design, technical, technological
solutions (DS) are accepted only once
(Mazhayskiy et al., 2017) and subse-
quent correction put in them the object
management strategies according to
changing weather conditions is impos-
sible or impractical. Through practical
inability to forecast the real nature of
change within the design lifetime of the
MS (30-50 years), this strategy can be
implemented as follows.

Regarding the integrated optimiza-
tion model the optimal DS in general can
be defined as (Rokochinskiy, 2010; Maz-
hayskiy et al., 2017)

Uy = extrUf = 1711‘
{i}

2y = “{1}}}1 Zji=Z;

(1
where:
Uy — extreme values accepted by eco-
nomic optimality criterion chosen U cor-
responding to the optimum set for DS

options /= {j},i=Ln;

Zj—set {j},i=1,n; criteria (physical in-
dicators) relevant ecological efficiency
DS variants;

Z; — according to the accepted limiting

environmental indicators.
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DS variants project set I = {j},

i=1,n, composed by different technolo-
gies of drained land water regulation and
appropriate design solutions on MS and
their technical elements.

Then, as for to equation (1), the value
criteria of economic and environmental
optimization for each project solution,
taking into account climatic management
strategy in the long year period of the ob-
ject is determined by the formulas:

nl’ -
U =Y ul,P)a, i=ln

)
p=l1
n, - o
2= 3510y =Ly =L
p=l
3)

Calculation base optimal level de-
fines the parameters of the project design
solutions of the specific object, it can be
determined, unlike the accepted practice
of rationing, also on environmental and
economic grounds, taking into account
existing natural and agro-reclamation
conditions considering complex optimi-
zation model:

po =extrU, (P),i:i;p=1,7
T ’ @

where:

po — the typical optimal pattern of ob-
ject climatic conditions considering cal-
culation base of the growing season of
a combination {p}, p=1,n, , which is
defined by the extremum of the function
Uy(P) composed for economically opti-
mal DS i = ij;

Zy;—set {j}, j=Ln; criteria of environ-

mental efficiency in i = i,

Realization of complex optimization
models require definition of indicators
and criteria of economic and environmen-
tal efficiency of DS which are formed,
primarily, within the reclaimed field.
Their integral evaluation by the number
of fields with project or planned rotation
in the structure of agricultural use system
and based on technical elements of MS
will help to characterize the ecological
and economic effects for MS in general.

All components of the general opti-
mization model, such as, technical and
economic indicators (TEI), that make up
the economic and mathematical models
(investment, value obtained crop produc-
tion, current agricultural and reclamation
costs, etc.) as well as environmental indi-
cators (criteria) water and general nature
reclamation regimes of drained lands, are
defined by accepted methods and water
regulation schemes they are changeable
and are dependent on many factors, the
main of them are climatic, soil reclama-
tion, agronomic and other object condi-
tions. They can be schematically repre-
sented as baseline data for formulating
and solving optimization problems due
to multiple relevant indicators:

— meteorological stations or posts Q =
= {0}, w=1,n,, Their shares f;, or
areas F, service within the system;

— drained soil types G = {g}, g =1,n,,
heir shares f, or areas F, of dissemi-
nation;

— species of cultivated crops O = {k},
k=1,m ,2their shares f; or areas Fj, in
the design crop rotation structure and
their average calculated values (proj-
ect or planning) yields Y, k= @
on drained lands;
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— possible ways of water regulation on
drained lands S = {s}, s=Ln, and
possible areas f; their usage within
the system;

— calculated (typical) in terms of heat
and moisture periods during the
growing season P = {p}, p=Ln,
and their shares oy, p =1,n, within
the designed lifetime of the system
or the usage of drained land;

— structural elements of the system for
the specific terrain, soil reclamation
differences etc. L = {I}, [ =1,n, their
shares f; or areas F; of dissemination;

— specific cost parameters for the de-
termination of technical and eco-
nomic indicators (TEI), which are
part of the economic and mathemati-
cal models and so on.

Determining the required values of
common optimization models compo-
nents is possible only on the basis of
solving complex and diversified, multi-
parametered, multifunctioned task using
mathematical modeling computers and
is based on creation the complex of hier-
archical connected simulation submod-
els with forecasting on long-term basis
of water and general reclamation nature
modes of drained lands, their impact on
the grown crops and created environ-
mental impact.

Generalized structure of forecast-
simulation and optimization calculations
assessing the effectiveness of drained
lands water regulation on the long term
based due to various natural reclamation
conditions is given in Figure 1.

Characteristic features implementa-
tion of designed structure is block con-
struction. As well, it can be pointed out
such relatively independent generalized
units:

— data block of the initial data sets by
major affecting nature-climatic, soil-
-reclamation and other factors (block
2, Fig. 1);

— block of forecast calculations on
long-term basis based on a set of
relevant models: meteorological re-
gimes, water regime and water re-
gulation technology, productivity of
drained land for schematized natural
agro-reclamation conditions of a real
object (blocks 5, 8, 10, 12, Fig. 1);

— block of optimization calculations,
which provides definition adopted
in accordance with the structure of
their operation (single or n-level),
adopted criteria of economic and
environmental efficiency of DS, that
are considered according to the ta-
sks formulated under accepted con-
ditions of optimization as at the le-
vel of each reclaimed fields (grown
culture), so as on the fields totality
within the system (block 14, Fig. 1).
Due to them general optimization
condition and final selection of the
management decision are implemen-
ted, which is done by informal way
through expert assessment of the re-
levant expert at the design stage or
routine operation of drainage sys-
tems, that take into account, on the
one hand, economic efficiency, and
on the other — environmental accep-
tability of its implementation (block
15, Fig. 1);

— block of formation and output of any
intermediate (if required) and final
results of forecast-optimization cal-
culations at any stage of their execu-
tion (block 16, Fig.1).

Certainly, shown in Figure 1 general-

-purpose structure of forecasting, optimi-
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FIGURE 1. The generalized block-chart of forecast-optimization calculations with substantiation of
design decisions on environmental and economic grounds

zation calculations will vary in each case
of its application depending on the op-
timization problem level that is solved,
and accepted for consideration according
to formulated task, leveled structure of
their implementation and specific nature

conditions and other reclamation facility
management.

Practical realization of forecast-imita-
tion major amount and optimization calcu-
lation is possible only by using correspond-
ing fools, which corresponds to BIM.
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So, for all the characteristic features,
BIM refers to complex systems and meth-
odological basis of its establishment and
operation, as when creating a forecast-
optimization methods and models are:
system approach and system analysis.

Therefore, according to (Shuma-
kov, 1996) the overall technology de-
sign of complex objects, processes and
systems on a multiple basis at principle
stages of their development can be repre-
sented as a block diagram (Fig. 1). This
model illustrates general principles and
approaches to the process of ecological
and economic assessment of alternatives
reclamation projects of construction and
reconstruction, having the choice of op-
timal substantiative investment in the fu-
ture (Fig. 2).

This model illustrates general prin-
ciples and approaches to the process of
ecological and economic assessment of
reclamation projects construction and
reconstruction alternatives, having the
choice of optimal investment and its
substantiation. Consider the basic steps
in detail.

The given chart depicts the princi-
ples of transition from traditional mostly
multivariate approach to substation of
DS in creation of water melioration ob-
jects, to possible transition on optimiza-
tion methods choosing DS optimal an
multivariate base.

Considering all this, corresponding
to modern demands, it is necessary to do
ecology-economic evaluation of melio-
rative project, general model of which is
given on (Fig. 3).

Its implementations include the fol-
lowing studies:

— Design initiation involves, primari-
ly, the formation of idea and goal of

the project, setting goals, forming its
main characteristics and preliminary
feasibility assessment of investments
for its implementation.

— Design searching project. At the se-
arch pre-project stage collection and
analysis of the necessary data are
conducted, survey project works are
carried out and, necessary studies to
further definition of technical solu-
tions possible options, thus to select
the most economically and environ-
mentally sound.

— Identification of DS potential
options. An essential principle of
reclamation design effectiveness and
optimization is multi-variants of exa-
mined DS, aiming to select the best
of them.

Conclusions

The main condition to implement op-
timization is to have alternatives, i.e. the
set of all possible variants of design de-
cisions considering possible variable na-
ture agro-reclamation conditions of the
real object. When designing reclamation
activities as a rule, considerable number
of different technical and technological
solution options appear, that, according-
ly, affect the economic and environmen-
tal efficiency from their implementation.

It is necessary to substantiate and
determine the optimal design solution of
the type, construction and parameters of
reclamation system which are accepted
by taken water regulation mode (scheme)
on the system, considering existing natu-
ral and economic conditions. Therefore,
at this stage all potential options of the
project are examined to make a decision

438

A. Rokochynskiy et al.



1
( Technical task )

Task formation and aimed search
of design solution determination

3 Y

Preliminary (search) designing. -
Selection and substantiation of design | <€——
solution determination -«

4 |

Schematic modeling.
Technical analysis (of modeling).
Selection of an optimal design alternative. |«

Y

Design evaluation. No
Decision approval /

* Yes
6

Technical design.
Working out technical documentation

N

Design evaluation. No
Decision approval

* Yes
8

Decision rectification, design
technical documentation development
and confirmation

oY
( Design decision )

FIGURE 2. Typical logic chart of design process on a multiple basis by the principle design procedures
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and chosing the best
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FIGURE 3. The general model of ecological and economic assessment reclamation project

of choosing the best one on the final stag-
es of development. This forecasts, firstly,
water regulation technology determina-
tion mostly suitable for implementation
in terms of the goals and objectives of
the project and in terms of the analysis

of local conditions (climate, landscape,
soil, geology, agronomy, etc.), avail-
ability and cost of raw materials, energy
and labor. The results of the performed
research determine all technologically
possible at this object ‘methods of mel-
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ioration and corresponding to them mel-
iorative systems.

Variants of technical and techno-
logical solutions are composed of dif-
ferent water regulation technologies of
reclaimed land and appropriate design
solutions on reclamation systems and
their technical elements. After all, wa-
ter regulation technology (or methods)
determines the necessary structural de-
cisions as for the type of adjusting and
central network, hydrotechnical stations,
etc., and thus the type and design of mel-
iorative system on reclaimed lands.

To substantiate optimal DS on a mul-
tivariate basis there is a need of chose for
further conceptual design composed of a
set of potential technical and technologi-
cal solutions identified on the previous
stage, the most suitable for implementa-
tion in production in natural and agro-
ameliorative conditions of a real object.
From a practical point of view their ra-
tional number may be 2—6 versions of DS.
At this stage, options of DS for further
research and evaluation can be selected
on comprehensive criteria considering
technical, technological and environ-
mental conditions and restrictions on the
use of expert opinion. The real interest
from the number of possible water regu-
lation schemes options primarily attract
those which forecast water regulation on
schemes when to all crops rotation the
only one way of water regulation is used
also on the scheme which is a combina-
tion of water regulation ways composed
of optimal modes for each planned crop
field 8.

Previous environmental and eco-
nomic assessment is carried out at the
stage of feasibility study, which includes
a schematic design and definition of

technical and economic indicators for
project options.

In general, schematic designs are
preliminary plans of problem solution
in specific conditions and usually, they
cover the development of the major is-
sues with a small number of indicators.
Schematic design stage is developed for
the conceptual definition of territorial
requirements, functional, environmental
object solutions, fundamental confirm
the possibility and feasibility of creating
it. At the stage of schematic design pre-
liminary development is carried out and
the main types and volumes of work for
each of the alternatives DS analyzed are
determined.

Subsequently, based on the schematic
design, calculation of all required techni-
cal, technological, operational, environ-
mental and economic parameters chosen
to consider for draft options based on
enlarged and standard indicators, includ-
ing: power facility, the total number of
employees, productivity, cost of major
products, estimated cost of construction,
cost of fixed assets, participation share of
investors, annual demand for raw materi-
als, energy, water, basic building materi-
als costs, field area, used reclaimed lands
directions and so on is done. These fig-
ures are output data for further economic
evaluation and comparison of reclama-
tion project alternatives.

After that, the comparative environ-
mental and economic efficiency of the
project developed variations and en-
vironmental conditions of comparable
DS options is performed. Common ap-
proach to select the best DS in the field
of land reclamation is focusing on their
economic feasibility and environmental
acceptability.
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From the set of pre-selected by the
technical and technological parameters
options for the project by environmen-
tal and economic criteria, choose one
or more similar technical and economic
indicators of environmentally acceptable
for DS for their further more detailed de-
velopment and evaluation.

For selected, in the previous stage,
promising environmental and economic
project option needed to acting require-
ments working documentation is de-
veloped, acceded constructional deci-
sions and their technical parameters
are clarified, the actual volume of the
main construction and installation work,
equipment, structures, material and en-
ergy needs, labor force, duration and the
terms of construction works and others
are determined.

So, transition to optimization design
methods will help to improve the over-
all ecological and economic efficiency
of drainage reclamation, especially in
working out new construction, recon-
struction and modernization of Irrigation
and drainage systems.
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Summary

Reclamation projects development
improvement technology considering op-
timization of drained lands water regula-
tion based on BIM. Improvement principles
of development reclamation projects tech-
nologies considering drained lands water
regulation optimization based on BIM were
observed. Modern methodological basis and
at the same time, universal technical tool that
allows to improve the practice of designing
complex objects and systems that is suc-
cessfully used and developed in almost all
fields of science, technology and industry is
computer aided design building information
modelling — BIM. In structural terms BIM is
an organizational and technical system con-
sisting of a large number of interrelated and
interacting components. The main function
of BIM is to carry out object aided design
and their components through the use of
mathematical models and other automated
design procedures and computer technology.

So, transition to optimization design meth-
ods will help to improve the overall eco-
logical and economic efficiency of drainage
reclamation, especially in working out new
construction, reconstruction and moderniza-
tion of irrigation and drainage systems.
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