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MICROELEMENTS AS A FACTOR OF ENVIRONMENTAL ESTIMATION OF SOILS 
OF THE KATEHCHAY RIVER BASIN 

 
A. Akhundova, Sh. Salimova, A. Akhmadova  

 
Institute of Soil Science and Agrochemistry, 

National Academy of Sciences of the Azerbaijan  
Str.Mamed Rahima 5, AZ 1073, Baku, Azerbaijan 

E-mail:  axundova41@mail.ru 
 

 Annotation. Studies have been carried out to determine the ecological assessment of soils, taking 
into account the soil scores for the content of trace elements. Along with the altitude of the terrain, the sum 
of precipitation and effective temperatures, bioclimatic potential, humus, soil environment reaction, bonitet 
score, soil scores for microelements content are also taken into account. With the purpose of estimating the 
number of microelements, an evaluation scale was drawn up on the basis of which the soils of the Kachtechai 
river basin were estimated by points. 
 Key words: ecology, bonitiration, soil, grade, microelements, content. 
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Safety and risk hydro-technical facilities 
 

MILITARY CONFLICTS AND DAM SAFETY:  
CASE STUDY 

 
V. Aliyev1), 2) 

 

1)Institute of Physics ANAS  
AZ1143, Cavid Ave,131, Baku, Azerbaijan 

2) AMIR Technical Service 
 AZ0112, Apsheron, Azerbaijan 

 
Annotation. This article is devoted to the comparative study of earthen dam destruction risk assessment 

and vulnerability analyses in Kura river basin, in peacetime and during military conflicts. In the introduction 
noted, that the advisable management and protection of critical hydro-technical infrastructure, essentially as 
earthen dams is relevant to safety of the population. Firstly, analyzed earthen dam destruction risks in 
peacetime. As common risk factors shortly characterized wear and tear of the hydro-technical systems; 

dam destructions; animal intrusions and probability of piping. Secondly, described such threat scenarios of 
explosions: over a dam body; over the water reservoir; on slopes of hillside adjacent to dam and terrorist act 
(explosion) in a dam body. In each considered case, on the basis of the analysis of a direction of explosive 
physical forces carried out modeling of the crater formation in dam body. In the conclusion mitigation 
measures stated. 

Key words: earthen dam, risk assessment, vulnerability, explosion, terrorist act, Kura River. 
 

INTRODUCTION 
 

World practice shows that the sustainable development of each country substantially depends on 
rational management of its natural resources. Fresh water turns to the most important among natural 
resources. Therefore, the dynamic, balanced management of water resources, in regional, also in global scale 
is an actual problem. The basic tools of successful management of water resources are elements of a critical 
infrastructure, such as dams, water reservoirs and intakes, etc. In turn, the advisable management and 
protection of critical infrastructure, essentially as earthen dams is relevant to safety of the population. A 
destruction of any huge dam, e.g. Mingecevir earthen dam could have serious ramifications on downstream 
Kura-Araz lowland communities in the 8000 km2 area lived 3.5 million population. The direction of 16 km3 
water mass along the Kura River valley may cause flash flooding,  raze to the ground all infrastructure, 
including oil- and gas-pipelines, roads, bridges, high voltage and communication lines, etc. [1]. 

This article is devoted to the comparative study of earthen dam destruction risk assessment and 
vulnerability analyses in Kura river basin, in peacetime and during military conflicts.  

 
Earthen dam destruction risks: Peacetime 
Wear and tear of the hydrotechnical systems.  All of the earthen dams in Kura River basin in South 

Caucasus were built in period, before the independence of these republics (e.g. Mingecevir cascade in 
Azerbaijan, Khrami cascade in Georgia and Vorotan cascade in Armenia).  The large majority of earthen 
dams are working over 60 years continuously and in case of it conside
common risk factors for all earthen dams over the Kura river basin. The basic criterion of technical 
realization of such projects those years was the principle of their minimal cost. Thus issues of strategic risk, 
ecological safety and other, as a rule, at all did not take seriously. Water leak supposition is rising of dam by 
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getting older of earthen dams. Unfortunately, for the existence Soviet period the dam inspection, evaluations, 
modifications and upgrades of the earthen dams were never spent. To this end, there is a need for more 
adequate legal frameworks for dam operation. All these listed factors actualizes the prognosis of dam 
destruction risk at peacetime and the development of forecasting measures plan and analyses for military 
conflicts period.  

Wear and tear of the hydro-technical systems, absence of due supervision of safe exploitation make 
substantial the crevasse of water reservoirs and holding lagoons of runoffs that can result in catastrophic 
consequences. 

 Earthquakes. Kura  River basin covers all the South Caucasus region, which is the active seismic 
earthquake area. For example, on the seismic activity maps Mingecevir dam is an eight-mark-ball zone. 
Earthen dams respond to earthquake vibrations. Shaking an unstable slope that has been weakened after 
saturation by rises in ground water levels may produce a landslide into the reservoir. The powerful 
earthquake can cause a huge wave which can get over the dam, destroy it and lead to catastrophic 
consequences. 

Sludge settling of reservoir. Kura river receives the great quantity of mud from basin systems. As a 
result of the mud accumulation the reservoirs lose net volume (available storage). For example, after putting 
in operation (1953) the maximal depth of the Mingecevir reservoir has decreased from 83 meters up to 63 
meters. The decreasing of available storage excludes an opportunity of the flood management. 

Prolonged periods of heavy rains and flooding. Flooding is a yearly occurring phenomenon in Kura 
River. It may be induced by heavy rains or extreme snowfall. Flood warning and forecasting system in 
Azerbaijan and Georgia is in a very poor condition. No uniform standards relating to flood mitigation and no 
schemes for reducing potential damage and improving protection have been developed. 

Rivers of the Kura basin has extremely irregular discharge throughout a year. Sometimes, the ratio of 
extreme discharge to average is 1.63-6.67, which makes sometimes difficulties to overcome its negative 
impact [3].  

Peacetime, heavy flooding on basin and/or dam failure, for 

dams. For example, the peacetime disruption of Shimantan dam in South China in 1975 August caused the 
 

Animal intrusions and probability of piping. Small animals can cause big problems for earthen dam. 
Earthen dam environment is near a water source and can contain a variety of vegetation; given these 
characteristics, dam environments can be naturally conducive to use by wildlife. Through their natural desire 
to create dens, search for food or escape predators, wildlife burrow, graze, root, and traverse the embankment 
as if it were natural field or forest. These activities cause a host of damages to the dam and can even lead to 
piping and dam failure. In general, there are three main serious effects that wildlife activities can have on 
earthen dam: hydraulic alteration, structural integrity losses, and surface erosion. 

Thus, the summarizing of the above mentioned risk factors and consideration of stated below statistics 
once more shows topicality of dam destruction issues in South Caucasus (list not exhaustive): 

 14 May, 1987. Earthen dam-break event happened in neighbor Georgia. 11.9 meters dam of Cghneti 
dam near Tbilisi city destroyed. 

 Summer, 1987. Earthen dam-break event happened in neighbor Armenia. 20 meters dam on Bazar 
River damaged, The flash floods damaged villages of Gubadli district of Azerbaijan.  

 May, 2010. The bank protection embankment of Sarisu lake in Azerbaijan damaged. 
 30 October, 2016.   17.5 meters Goytepe dam has damaged. Flash floods damaged houses and bridge 

in the Privolni village in Djalilabad district of Azerbaijan. 
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Last accident happened in the small Goytepe dam in Azerbaijan, actualized the issues of identifying of 

dated 14 November 2016, the State Commission has been made in order to learn and improve the 
exploitation conditions of large reservoirs in Azerbaijan [5]. 

Dam safety during military conflicts 
There have been various bomb attacks on dams [6, 7].  Most of these attacks occurred during military 

conflicts. A review of literature indicates that most of the attacks have been against both earthen and 
concrete dams. While a localized failure will not necessarily lead to breach of a concrete dam, the localized 
failure of an earthen dam has a potential to develop into full dam destruction through overtopping.  

During the conflict in the Balkans, the Serbian forces planted high tonnage explosive (Trinitrotoluene) 
on the Peruca Dam located in Dalmatia, Croatia, in January 1993. The dam was repaired and brought back 
into operation in 1996, three years after the damage caused by the Serbian forces [8]. 

In August, 2014 terrorists occupied the largest Mosul Dam on the Tigris River, in Iraq. As a result of the 
military conflict the dam has been partially damaged and can collapse at any moment. 

Absence of dialogue and trust between the conflicting parties the critical infrastructure of water 
resources management turns to the tool of pressure to the enemy. The basin states located on river upstream 
have a favorable geographical location and by all means during the military conflicts want to use this 
advantage. This is acute problem for Azerbaijan.   

After the al-Qaeda attacks 9/11 September 2001 many developed countries and international agencies 
are taking measures to reduce this possibility through risk and vulnerability analyses and security measures. 
However, studying of the scientific and technical literature shows that the given problem for earthen dam has 
not yet been developed. The presented paper is first attempt of numerical or computational analyses of the 
impacts of explosive attack scenarios for the Kura River basin earthen dams.   

  Unlike a peacetime, in the conditions of military conflicts, it is necessary to analyze risk and 
vulnerability to bombing explosions. Such blast-assessment is spent taking with a glance of dam type and 
aiming point of bomb explosion.  

As a rule, earth dams on Kura River basin were built of inhomogeneous soils with different grain-size 
composition. 

In the report will be considered various scenarios of explosions: 
 over a dam body; 
 over the water reservoir; 
 on slopes of hillside adjacent to dam; 
 act of terrorism (explosion) in a dam body. 

In each considered case, on the basis of the analysis of a direction of explosive physical forces carried 
out modeling of the crater formation in dam body. 

In the conclusion mitigation measures will be stated. 
 

MITIGATION MEASURES 
 

If earthen dam is found to be vulnerable to the impacts of an explosive blast or terrorist attack, 
mitigation measures should be implemented to reduce the risk of adverse consequences to acceptable levels. 
This is consistent with general geotechnical dam safety assessments in which mitigation measures would be 
designed and implemented if the risk over global stability failure, piping or seismic stability were concerns.  

For the above described threat scenarios, some mitigation measures are possible (site access, operational 
protocols and structural improvements). These measures will be discussed in the slide presentation. 
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Hydraulic engineering and irrigation 
 

SIMPLIFIED REGULARITIES BETWEEN PARAMETERS OF THE FLOW 
CROSS SECTION UNDER CONDITIONS OF COMPLIANCE WITH THE 

BALANCE OF SEDIMENTS 
 

P. Baljyan1),  H. Tokmajyan2), H. Karapetyan1), V. Hayrapetyan2) 

 
1) National Polytechnic University of Armenia 

 Yerevan, Teryan 105, Armenia 
   2)  Shushi University of Technology 

Shushi, Ashot Bekor 4, Republic of Artsakh 
E-mail: baljyan-1951@list.ru 

 
Annotation. Dependences between  hydraulic parameters of the cross-section of  channels are often 

used in the system of equations in solving problems of the channel process, including bed-formation 
phenomena. When replacing the average speed of the wetted perimeter and the area of the effective cross-
section through the width and depth, complex expressions are obtained. The use of their differentials, 
especially in motion equation, creates serious inconveniences and difficulties for the solution. On the basis of 
the carried out investigations, under conditions of observing sediment balance, simple expressions for the 
depth, average velocity and area of the effective cross-section were obtained. The applicability and reliability 
of the proposed dependencies for the practically possible cases of channel erosion is justified by an analysis 
of the results of numerical calculations. 
 Key words: flow, cross-section, width, sediment balance, parameter. 

 
INTRODUCTION 

 
Dependences between hydraulic parameters of the cross-section of channels form an integral part of 

the system of equations which are generally used to solve many problems of channel process, the more 
channel-forming phenomena. Using these dependencies, the average velocity, wetted perimeter and area of 
the effective cross-section are replaced by the depth of the stream and the channel width. However, even for 
a rectangular cross-section, the functions  

inconvenient for use in differential equations of nonuniform motion and deformation of the channel [1, 2]. 
 

OBJECTIVE OF THIS WORK 
 

The purpose in view is to derive  simple relationships between the hydraulic parameters of the cross 
section under conditions of observing sediment balance along the flow length. 
RESULTS OF THE STUDY. For the rectangular cross-sectional shape of the channel, the area, the wetted 
perimeter and the average velocity of the effective cross-section in the dimensionless form are determined by 
the following dimensionless dependencies: 

hbA 0       (1) 

hb 2
20

0           (2) 

 A
V 1

                   (3) 
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where the coefficient 
0

0
0 h

b
,  and for dimensionless values we have 

1,1,,,,
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b
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b
hh .   (4) 

Here, the linear dimensionless scale assumes the width of that section of the channel b0, where, due to the 
maximum loading of the stream, the sediment does not have bedding. 
It follows from Eq.(2) that 

,2
2

21
2 0

0

0

0 b
b
hb

   
(5) 

where the coefficient .// hbhb  
Under conditions of observing sediment balance, a qualitative and quantitative analysis of numerous forms in 
calculation of the sediment carrying capacity of the flow was carried out in the work [3]. As a result, the 
following dimensionless regularity is obtained between the area of the effective cross-section and the wetted 
perimeter 

aA       (6) 
According to the analysis of [3], the indicator a for mountain streams varies in the interval 3 4. Then, taking 
into account the dependence (6) from (5) after simplifications, we get: 

a
a

a

b
h 1

0

1

0

0

11
2
2

     (7) 

Let us denote the following by 
a

1

0

0 2
2

      (8) 

b and 

h . To simplify solution of Eq.(7), we will perform a quantitative analysis of the M value. Many full-scale 
studies of the morphometric parameters of rivers show that a large range of variation of coefficient 0 is 
possibly 1 to 12 [4, 5]. Against the background of these values, a numerical calculation of the M parameter 
was performed. The results are listed in Tables 1, 2 and 3. The analysis of the obtained values of this 
parameter shows that the greatest deviation from unity (more than 10%) is observed in cases where the 
coefficients 000 / hb   and hb /  differ from each other more than 3 times. This means that the width 
of the natural bed in the transition area is narrowed by as many times. The practice of constructing bridge 
footings and dams, bank protection structures and other transitions shows that the narrowing of the channel is 
usually made within 5,1/2,1 0 bb  [6, 7]. Proceeding from the above facts, it can be concluded that the 
parameter M for practical problems of channel erosion can be taken equal to unity without significant 
deviations. Then, instead of (9), we get 

a
a

b
h 1

0

11
      (9) 

With this in mind, in particular, for the average value of the exponent a, equal to 7/2, the dependence 
expressed by Eq.(9) takes the following form 

7
5

0

11

b
h      (10) 
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Table 1. The values of the parameter M 0 for a = 4 
                                                                                                                 

     0 
 

2 3 4 5 6 8 10 12 

1 1.11 1.16 1.19 1.21 1.22 1.24 1.26 1.27 
2 1.00 1.05 1.07 1.09 1.11 1.12 1.14 1.14 
4 0.93 0.97 1.00 1.02 1.03 1.05 1.06 1.06 
6 0.90 0.95 0.97 0.99 1.00 1.02 1.03 1.03 
8 0.89 0.93 0.96 0.97 0.98 1.00 1.01 1.02 
10 0.88 0.92 0.95 0.96 0.97 0.99 1.00 1.01 
12 0.87 0.91 0.94 0.96 0.97 0.98 0.99 1.00 
 

Table 2. The 0 for a = 7/2 
    0 

 
2 3 4 5 6 8 10 12 

1 1.12 1.18 1.22 1.24 1.26 1.28 1.30 1.31 
2 1.00 1.05 1.09 1.11 1.12 1.14 1.16 1.17 
4 0.92 0.97 1.00 1.02 1.03 1.05 1.07 1.07 
6 0.89 0.94 0.97 0.99 1.00 1.02 1.03 1.04 
8 0.87 0.92 0.95 0.97 0.98 1.00 1.01 1.02 
10 0.86 0.91 0.94 0.96 0.97 0.99 1.00 1.01 
12 0.86 0.90 0.93 0.95 0.96 0.98 0.99 1.00 

 
Table 3. The values of the parameter M depend on coefficient 0 for a = 3 

    0 
 

2 
 

3 4 5 6 8 10 12 

1 1.14 1.22 1.26 1.29 1.31 1.34 1.36 1.37 
2 1.00 1.06 1.10 1.13 1.14 1.17 1.19 1.20 
4 0.91 0.97 1.00 1.02 1.04 1.06 1.08 1.09 
6 0.87 0.93 0.96 0.98 1.00 1.02 1.04 1.05 
8 0.85 0.91 0.94 0.96 0.98 1.00 1.01 1.02 
10 0.84 0.90 0.93 0.95 0.97 0.99 1.00 1.01 
12 0.84 0.89 0.92 0.94 0.96 0.98 0.99 1.00 

 
Proceeding from expression (10), instead of dependences (1) and (3), we will have: 

7/2bA                     (11) 

7
2

1

b
V                       (12) 

Thus, rather simple dependences are obtained for determining the hydraulic parameters of the flow cross 
section for those channel processes in which the sediment balance takes place. We note that the regularity (9) 
agrees very well with the calculated expressions proposed for determining the maximum deformations of the 
under-bridge bed, provided that the sediment flow rate is constant. The generalized form of these expressions 
is represented by the following dependence [7] 

m

b

b
b bQ

QHh
.

..       (13) 

where Hb and  Bb are the depth and width in the natural section of the channel in the natural state, Qb is the 
total flow rate, Q is the portion of the flow that flows between the two support holes. 
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On mountain rivers, one-span bridges are mainly built, and therefore these costs are equal. For many authors, 

expressions (9) and (13) completely coincide in qualitative terms. 
 

 
CONCLUSION 

 
  The obtained regularities in calculating the depth, average velocity and area of the effective cross- 
section can be used in the problems of predicting the parameters of the stabilized stage of channel 
transformations, including the hydraulic calculation of bridge transitions. 

The research was performed under scientific theme 11-30/15TSCSRA. 
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Water management 
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Annotation. For assessment quality of well water used for drinking by rural population, have been 

researched  seven municipality of west Georgia, particularly Samegrelo region, where main sources of 
drinking water is well water. It has been determinate as chemical pollutants also microbiological conditions. 
For make fulfill conclusions researches is going. 

Key words: well water, drinking water, pollution, rural population. 
 

INTRODUCTION 
 

The water resource has significant importance for maintains favorable living conditions of population, 
normal functioning of the economy and maintaining the environment. Providing population, industry, energy 
and agriculture is one of the priority tasks for the normal functioning of the countries. 

The supply of good quality drinking water to the country's population remains an unsolved problem. 
The sanitary-hygienic and technical condition of water pipe, individual wells, natural springs and small 
power village type water pipes not satisfactory, the drinking water does not treats with chlorine, or this 
process is violated. This promotes: intensively pollution of water supply sources, especially surface sources. 
Most of the rural population does not receive the normative quality of drinking water [2]. 

To management of drinking water quality has big importance to use new technologies of water 
cleaning and protection of quality standards. Recently, in Georgia only a small part of the population is 
provided safe water supply. Rural situation is worse than in cities. 

The source of contamination of water bodies is the modern agricultural production, as a result, a 
significant number of pesticides are found in the water environment. As a result of natural environment 
pollution, in the water may fall significant amount of organic substances used as pesticides and fertilizers [1]. 

The ground water mainly is messed up by industrial, household and agricultural activities. Especially, 
danger is pesticides, which remain in water and in environment for a long time, which is toxic and ability of 
migration on the far away. The ecological condition of ground water is depend on the locations and 
protection of the watershed , where they are formed [3]. 

In the villages of Georgia approximately 100 percentage supply by spring water or well water ,,well or 
spring water is fit and safe to drink " this view can often be erroneous. 
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MAIN PART 

 
All the above mentioned is important to be studded the ecological condition of ground water use for 

drinking, especially in such region where is not water supply system.  
To accomplish this, scientific- workers of Tsotne Mirtskhulava Water Management Institute of 

Georgian Technical University were sent to seven municipalities of Colchis lowland on the Spring 2017 for 
determining chemical pollutants in the wells water used for drinking by rural population. 

Below is presented wells used for drinking by rural water nearby agricultural lands (see photos 1, 2, 
3), of which around implemented using as fertilizer so pesticides in order to improve plant productivity. 

        
Photo 1                                                                            Photo 2 

 
 

 
Photo 3 
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The analyzes of well water were been making on the site by the mobile chemical laboratory (CEL 
Advanced Drinking Water Laboratory), the results of the research are given in table 1. 

Table 1 
The results of chemical analyzes of wells water used for drinking by rural population 

 
CONCLUSION 

 
According to of analyzes results, nitrite containing of wells water chosen for analyzer is in range  

0,001  - 0,03 mg/l/, nitrate 0.5-22 mg/l, phosphate  1,19-5,02 mg/l, results were compared with data of 
technical regulations for drinking water, according to these phosphate content in some cases higher than the 
MPC. During field works fixed some cases tinted waters, because in selected wells water were determined 
iron too, according to the results show that the iron content in only one case was higher than the MPC, it is 
about 4 times more. It certainly can not be considered a normal phenomenon and requires a pollution source 
survey [4;5]. 

Because every chosen wells water are used for drinking, the results of the processing time  also used 

0,005 mg/l. From our selected 16 analyzing wells nitrite containing are more the 0,005 mg/l in 7 well [6]. 

Sampling place Coordinates 
Depth, 

m 
PH 

Common 
microbio-

logical 
pollution 

Nitrite,  
mg/l 

Nitrate, 
mg/l 

Phos-
phate, 
mg/l 

Iron, 
mg/l 

Abasha  vil. Sabokuchao 4213328 4210794 5 7,15 1 0,026 0,58 4,8 0,072 
Abasha  vil. Sabokuchao 4213363 4210819 5 6,85 4 0,01 0,5 1,72 0,14 
Senaki  vil. Nosiri  4215076 4208415 7 7,22 5 0,024 1,36 5,02 0,07 
Khobi  vil. Pirveli maisi  4220393 4151785 8 7,3 3 0,03 0,78 2,01 0,011 
Zugdidi  vil. Chkaduashi   4235392 4200774 4 6,45 2 0,003 2,05 1,2 1,58 
Tsalenjikha vil. Phabrika   4236693 4202189 7 6,42 3 0,0036 1,75 1,85 0,11 
Tsalenjikha vil. Nakifu 4236314 4205849 6 6,8 2 0,0032 1,25 1,4 0,028 

Chkhorotsku vil. Patara 
chkhorotsku 

4229871 4206914 8 6,45 8 0,0045 1,34 1,2 0 

Chkhorotsku vil. Qveda 
chkhorotsku 

4229271 4206841 7 6,76 1 0,004 2,66 1,37 0 

Chkhorotsku 4231398 4207784 6 7,2 0 0,0075 2,44 1,66 0,02 
Chkhorotsku 4236287 4207108 5 6,89 6 0,01 2,06 2,4 1,47 
Chkhorotsku vil. Qveda 
chkhorotsku 

4236692 4206707 7 6,6 2 0,022 1,68 1,8 1,32 

Chkhorotsku vil. Qveda 
chkhorotsku 

4229271 4206843 6 6,12 3 0,03 1,75 1,2 1,1 

Martvili vil. 
Nakharebavo 

4224086 4221836 5 7,11 2 0,008 2,5 1,19 0,04 

Zugdidi vil. Kakhati 422927 462124 7 6,99 77 0,002 22 1,3 0,08 
Zugdidi vi. Darcheli 422603 414202 3 6,54 1 0,001 4 1,6 1,0 
The maximum 
admissible 
concentration  mg/l 

    
10 0,2 50 3,5 0,3 
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What about microbiological pollution of well water its has been determine by fast tester of ULTRA 
SNAP, according to it value from 0 until 10 is suitable of pour water, from 10 until 30 is needed attention, 
and above 30 is  pollution. As we can see from the results, only in 1 well discovered water pollution, that is 
not normal and requires reesearch of pollution sources  
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Environmental  protection  
 

DETERMINATION OF KEY PARAMETERS OF TRIBUTARIES TENDING TO 
TURN INTO MUDFLOWS AS IN THE CASE OF THE RIONI RIVER WITH A 

VIEW TO TAKING MUDFLOW PROTECTION MEASURES 
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Annotation. With a view to implementing mudflow protection measures key geometrical, 

hydrological and hydraulic parameters of the Rio
mudflows were investigated and assessed. 

Key words: mudflow, catchment basin, slope of water channel, runoff coefficient. 
 

Water channels being prone to mudflows drastically differ from normal mountain rivers by both their 
hydrological and hydraulic regime and negative impact on the environment. The water channels of this kind 
are distinguished by highly unusual nature of impacting on facilities as well as hardly predictable movement 
through the river bed. These flows can stop even at the transit zone of a water channel and at the same time 
continue their movement until the alluvial cone and even up to the confluence of a main river. Such 
movement of mudflows significantly prevents us from taking effective measures against them regardless of 
whether they are needed at the river head, transit zone or nearby the alluvial cone [1,2]. In this regard priority 
is given to safety measures to be provided first for the population residing at the surrounding area and then 
for the communication facilities, such as: railway network, motorways, high voltage lines and water 
management system.  

Based on the view provided above, the drastically distinguished water channels being prone to 
mudflows, such as: the Duruji River, Telavi Gulley, Antoki Gulley as well as separate tributaries of the 
Aragvi River Valley those of Dusheti Gulley, Chokhelt Gulley, Nadibaant Gulley, Arakhveti Gulley and 
Mleta Gulley require special attention; including as well Laskandura Gulley and Kheledula Gulley in Kvemo 
(Lower) Svaneti and Nagvarevi Gulley and Skhalta Gulley in Mountain Adjara.  

In order to mitigate mudflow activity in the water channels mentioned above (as to make them 
completely safe is not even considered) various capital as well as palliative and contemporary measures are 
applied that requires key geometrical, hydrological and hydraulic parameters of these water channels to be 
identified and evaluated. Successful implementation of mudflow protection measures mostly depends on 
correct selection of these parameters that include an area of water catchment basin of the water channel, 
difference in maximum and minimum levels of the water channel, length of a river bed, average slope, 
average annual volume of solid runoff, disposition of existing hydro-facilities, etc. [5,6,9].  

It should be noted that if anywhere around the world it is required to apply mudflow protection 
measures in the regions tending to be affected by mudflows, one of the most vulnerable areas in this regard is 
Georgia. However, mudflow protection structures located in our country are not enough to cover all danger 
zones in order to prevent or mitigate emergency situations that might be caused by this natural disaster.  

The analysis of literature sources and scientific research conducted demonstrated that on the territory 
of Georgia the Racha region and the tributaries of the Rioni river that inflict great damage on both the 
population (resulting even in the deaths of people many times) and agriculture and communication network 
are less studied in this regard.  
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With a view to alleviating a mudflow activity in the water channels mentioned above it is necessary to 
investigate, select and evaluate those key geometrical, hydrological and hydraulic parameters that 
significantly ensure a successful implementation of mudflow protection measures. These parameters include 

 of solid runoff, location of existing 
hydraulic structures, etc.  

It should be noted that in the regions tending to be affected by mudflows it is required to carry out 
mudflow protection measures. In Georgia mudflow protection measures are implemented in separate basins.  

With the aim of assessing mudflow situations in the country as well as developing relevant protection 
measures Table 1 was offered where the names and geometrical, hydrological and hydraulic parameters of 
main water channels tending to be effected by mudflows are provided. Identification and prediction of these 
parameters will allow us to reduce a destructive effect of expected mudflows for separate facilities at least to 
some extent (see Table 1, Table 2, Table 3).   

Table 1 
Factors determining mudflow runoff 

 
 1.      Name of water channel (left, right)  
 2. Area of catchment basin   
 3. Area of spots originating mudflows   
 4. 
  
  
  

Slope of water channel (average)   
4.1 i 1 of heading spot  
4.2 i 2 of transit zone   
4.3 Alluvial cone  i 3   

 5. Average precipitation  (mm)  
 6. Runoff coefficient   f(t, )  
 7. Liquid runoff volume per unit area 

   HW 100   m3 
 

 8.  Erosion coefficient       
07.01   

 9.  Liquid runoff volume (W m3)    HW 100 m3      

 
10. 

Solid mudflow deposit S md 
S zR =  W  (m3) 

 

14 
Upper level of confluence zone 3  

 

15 Lower level of confluence zone 4   

16 
Lower slope of confluence zone 343 )(i  

 

17 Average gradient of tributary )( 21i   
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Table 2  
Key hydraulic parameters of  tributaries as well as their separate spots (upper, transit zone and lower 

zone with alluvial cone) tending to be affected by mudflows 
# Tributary  

Left  
Basin 
area 

F  
(km2) 

Total 
length 
of 
tributar
y  

L  (m) 

River 
head 
level  

1 (m) 

Confluen
ce  

level 
2 (m) 

Average 
slope 

L
i 21

 

Leng
th of 
zone 

 
1L  

Upp
er 

level 
of 

zone 
1

 

Lowe
r level 

of 
zone 

2  

Zone slope 

1

21
L

i

 

1 - 131 25 000 2400 800 0.064     

1.1       Upper zone 
 5000 2400  1860  0.108   

1.2       Transit zone 
 9000 1860  1330  0.058   

1.3       Lower zone with alluvial cone 
1000  330 800  0.048   

Apart from physical and mechanical as well as rheological properties mudflows comparing with 
normal water flows are characterized by anomalous velocity of 11-20m/min, 5-10m depth and what is more 
important large size (50-90m) stones having destructive force (2,4).  

                                                   Table 3 
# 
 

Tributary 
right   

 

Basin 
area 

F  
(km2) 

Total 
length 
of 
tributar
y  

L  (m) 

River 
head 
level  

1 (m) 

Confluen
ce  

level 
2 (m) 

Average 
slope 

L
i 21

 

Leng
th of 
zone 

1L  

Upp
er 

level 
of 

zone
1

 

Lower 
level 

of 
zone 

 
2  

Zone slope 

1

21
L

i

 

1 - 37 11000 2300 800 0.136     

1.1       Upper zone 
 3300 2300  1700  0.181   

1.2       Transit zone 
 3700 1700  1200  0.135   

1.3       Lower zone with alluvial cone 
 4000 1200  800  0.100   

   While making hydrological and hydraulic calculations of mudflows it is extremely important to lay 
down parameters including an initial resistance of flow, its depth, a configuration of a riverbed itself in a 
plan as well as slope values on separate zones of riverbed. In case when the flow resistance is more than the 
product of flow volume ratio, riverbed slope and the existing depth of the flow at the moment of its stoppage, 
basic principles of hydraulic calculations of mudflow protection structures drastically differ from traditional 
methods. Therefore, before making calculations of this kind it is necessary to define values of the parameters 
provided above.  
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Annotation. Method formation of free survey curve for hyperconcentrated by the sediment debris flow 
at the constantly discharge lengthways of natural non-prismatic river beds is offered. 

Key words: Debris flow, formation of stream, uniform motion, non-uniform motion 
 

Coherence high-concentrated mudflows are mostly formed in erosion spots of high mountain regions, 
on the bare slopes of high gradient near mountain river heads following the long spell of drought. In this 
case, nearly the whole surface of an erosion spot is covered with a thick layer of dust that becomes water-
resistant and during the period of torrential rains it streams down as a debris flow snatching large-size rocks 
on its way [1]. 

The debris flow of this kind consists of rocky fractions, grit, plant waste and muddy components 
hiding its rocky ingredients. Its 80-90% (in weight) consists of solid material and its 10-20% is water (in 
coherence condition), mixture density is 1.8-2.3t/m3 and a driving environment is a mud-rock plastic 
conglomerate of solid body that represents a body of rheological properties [1, 2].  
This kind of nature of the flow can be described by the Shvedov-Bingham model [2, 3]:  

                                   
dy
du

0  ,                                                                    (1) 

where, _ is a value of tangential stress for a flow depth; 0 - is an initial resistance of a flow for shear;  
a dynamical coefficient of a mass viscosity; u - flow velocity for y depth. 
 
(1.) Based on the dependence it can be concluded that the body of this type starts travelling under the 

condition as follows:  
 

                                     
gHi

032 ,                                                                      (2) 

Where, - is flow density; g - is acceleration of gravity; H - is a full depth of a flow; i -is a gradient of a 
river bed. 
 
i.e., when 

                                 .0 3
2

bedb ,                                                                      (3) 

since  ih0  , in case of existence of the so-called h - heart of the flow depth, the body normally starts 
moving, i.e.  
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                                Hh
3
2

.                                                                          (4) 

where H  - is a full depth of the flow. 
 

Considering the model mentioned above, it is reasonable the integration to be implemented within the 
space of a gradient layer and not along the whole depth of a flow as a velocity within the borders of the heart 
of the flow is constant. Then, in order to calculate a flow rate we use the following:  

dBHQ
bedbed

0 )( 0
2

2

, 

i.e. taking into account the dependences iH
fs.

 and ih0  , after the integration we receive the 
following:  

 

   fBgiHQ
3

,   (5) where )1(
3
1)1(

2
)( 32f  (6) 

H
h

 _   is a relative depth. 

Thus, based on the dependences we received, a coherence (structural) flow starts moving from the erosion 
spot under the condition as follows:    

2

2

3

3

1
2

1
3 H

hh
H
hH

,  (7)         i.e.    Hh 9,0 .    (8) 

 
 
If we use symbols 

n.
Q  and 

an.
Q for Newtonian and non-Newtonian liquid rates respectively, then as a 

result of comparing the dependences (1.2) and (1.5) we receive the following:  
 

                           )(3 ... fQQ NNnot                                                                  (9) 

Thus, based on (1.9), non-Newtonian liquid rate (
an.

Q ) can be expressed by a Newtonian liquid rate
n.

Q . In 
this case, the proportionality coefficient  

 
)(33 fK , i.e.    .3.. NNnot QKQ

.
                                                   (10) 

 
of specific values of the function )(f  can be taken from the table provided below.  

Table 1 

Hh /  0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

)(f  0.333 0.283 0.234 0.187 0.14 0.1 0.069 0.04 0.018 0.0 

 
Spots producing mudflows are usually placed at the heads of water channels tending to form 

mudflows. Due to the wind influence as well as washing capacity of a water flow (heavy rain, intensive snow 
melting, etc.), mountain rocks are being permanently destructed on the slopes of high gradient. Mudflow 
masses of such origination accumulate at the heads of water channels in the deepened areas of erosion spots.  

om one of the representative mudflow spots. If we take a 

depth as equal to `
Rv.

h ~, then the well-known continuity equation for the given concrete wave (in the 

direction of motion with alternating mass) will be expressed in the following way:   



me-7 saerTaSoriso samecniero-teqnikuri konferencia wyalTa meurneobis, garemos 
dacvis, arqiteqturisa da mSeneblobis Tanamedrove problemebi  

25 27 agvisto, 2017 w. 

          c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
26 

                           
dt

dhq debr
n

.'                                                                             (11) 

where nq'  is an intensity of rate alteration per length and width unit; flow height;  t   is time.  
 

constq n' . Then the integration of (2.1) gives the following: 

                               )( 0
/

. ttqhh nodebr                                                                   (12) 
 

 
It is common knowledge that a wave velocity VV 3

tal.
, where V is an average velocit

a mudflow while the stream motion is uniform, then considering that QV  we will have the  following:  

                            )(3

.

2
.

. fgihV
debr

debr
wav                                                              (13) 

i  
directly formed at the velocity of:  
 

                           
.

2
. )(3

debr

debr fgih
dt
dx

                                                                  (14) 

If we merge (2.1) and (2.4), we will receive: 

                      
)(gih

'
/

/
2
debr.

..Rv.

f
q

dtdx
dtdh

dx
dh debrndebr

3
,                                                    (15) 

After the integration of which we will have: 

                       )(')()(
0

.

3
0

3
. xxqgifhh

n
debr

debr .                                                        (16) 

(16) The equation characterizes a profile trajectory of the wave surface.   
 
 
 

REFERENCES 
 

1. Sabchota 
 

2. Natishvili O.G., Tevzadze V.I. Basics of Mudflow Motion. Tbilisi, 2007, p.213; 
3. Wilkinson U.A. Non-

p.216.   
 
 

 
 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFER MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONST  

25 27 August, 2017 

c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

TS. MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
27

Hydraulic engineering and irrigation  

HYDROTECHNICAL CONSTRUCTION IN THE CHOROKHI  
RIVER BASIN AND GEOMORPHOLOGICAL PROCESSES 

 IN THE BLACK SEA REGION OF ADJARA  
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Annotation. The purpose of this work is to review geomorphologic processes triggered as a result of 
hydraulic engineering construction (dam) on the Chorokhi River and its tributaries that pose a great threat to 
the Adjara region, and in particular, the Adlia-Batumi segment as its coastline might be washed away. In the 
work it is studied and analyzed the factors of bank formation.  

The view has been expressed that a solution to the existing problem must be basically sought in 
pumping ashore by artificially spreading inert material.  

Key words:  processes. 
 

INTRODUCTION  
 

Natural or artificial change in hydrological regimes of sea waves and river runoffs has a decisive effect 
on formation of a coastline of seas and oceans as well as on its geomorphological and ecological processes 
causing a delta formation at the river mouth, coastline erosion processes and major changes in regard to 
environment protection as well the elimination of which requires significant investments and many years.  

With the purpose of a morphological investigation of a coastline it is necessary to identify the amount 
of bottom as well as float deposits brought into the sea by a river. The Rioni, Enguri and Chorokhi Rivers 
deposits play a crucial part in formation of the Black Sea region coastline the amount of which was 
significantly changing over the last century as a result of hydraulic constructions carried out on these rivers 
and various human interventions in riverbed processes. These factors were followed by lots of problems that 
currently remain unresolved and that are being now studied by a number of project and scientific research 
organizations operating both within Georgia and beyond it. A special contribution to this activity was made 
by Institute of Energy and Hydrotechnical Constructions of Georgia, Tbilhydroproekti, Saktskalproekti, 
Institute of Water Management and Engineering Ecology of Georgia, Georgian Technical University, LEPL 
Tbiltskalgeo, GAMA Consulting LLC, Bank Protection/Napirdatsva LLC as well as other organizations.  

  
 

MAIN PART 
 
The Chorokhi River originating in Turkey in the Okus-Badatsagi Mountains situated at 2700 meters 

above sea level flows into the Black Sea to the south of Batumi in 6km away. The total length of the river is 
438km (26km  within Georgia). At the river mouth it divides forming islands (Fig.1).  
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Fig. 1. The Chorokhi River Mouth 

 
Out of the rivers of the Black Sea basin of Georgia the Chorokhi River has the largest water catchment 

basin with an area of 22100km2 (including 2090km2  within Georgia). 
The river basin is distinguished as well by gradient on average  River fall on the territory of 

Georgia amounts to 56m. The width of the riverbed ranges between 48m and 900m (at the river mouth); the 
depth ranges from 1,5m to 5m; while average velocity of flow ranges between 0,7m/sec and 2,5m/sec.  

When affected by the storms of west direction dominating in this region the Chorokhi River deposit 
travels along the Batumi coastline towards the north and reaches the Natanebi River mouth. 

Based on the 1832 cartographic materials, two main branches of the Chorokhi River used to discharge 
into the sea, to the south  nearby the contemporary confluence and to the north  in Adlia, at the confluence 
of the Mejini River. Both river branches that were forming wide deltas divided into channels demonstrate 
that the Chorokhi River at that time was quite abundant with an active hydrological regime. On the map of 
1890 the north branch is cancelled  at that moment the north branch had already lost its connection with the 
main system of the Chorokhi River and it was replaced by the Mejinistskali River mouth [3,5,6,7].  

The Mejini River bank that had been moving towards the sea over the last 150 years retreated by 
approximately 400m, washing-away pace in 1880-1926 was 5,2m per year on average and in 1926-1980 it 
reduced to 2,2m per year.  

The Chorokhi River discharge concentrated at the confluence of the south branch significantly changed 
the litho-dynamics of the sea coastline. At the confluence area deep canyons and underwater alluvial fan 
were formed that is intruded into the sea up to 30 km in length.  

On the Chorokhi River, near the confluence of the Adjaristskali River, by the village of Ergesi a 
Hydrological Watchtower had been operating until 1992. Near this watchtower the maximum fluctuation of 
river level was 6,9m and average annual flow was ranging between 159m3/sec and 409m3/sec. It was at that 
time when according to the data of Prof. R. Diakonidze 1% occurrence flow reached 4210m3/sec [2].  

Coastline dynamics depends on wave regimes. Flow velocity along the coastline on the territory of 
Adjara is 0,3-0,5m/s on average but when there is a strong wind it reaches 1m/sec. According to wave 
directions, west waves amounts to 57%, north-west waves  18%, south-west  15%. Parameter values of 
waves and their frequency are provided in Table 1. In 1997-2007 strong storms ratio drastically increases in 
their total amount. 
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Table 1. Values of wave parameters along the coastline of Adjara region 

 

St
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Average values of wave parameters 
 

Wave frequency according to direction,  
Day/year 

Height 
h , m 

Duration  
,sec 

Length  
, m S/W W N/W N N/E Calm  

0 _ _ _ _ _ _ _ _ 91 
1 0,06 1,4 3,0 5,1 23,8 16,7 17,2 3,7 _ 
2 0,23 1,8 5,0 8,5 50,0 27,0 18,0 5,6 _ 
3 0,46 2,6 10,8 6,35 32,4 11,2 6,95 1,28 _ 
4 0,74 4,0 25,5 2,42 16,6 4,8 1,78 0,15 _ 
5 1,25 5,6 50,0 1,3 9,6 1,27 0,73 0,11 _ 
6 2,15 6,8 75,0 0,22 1,9 0,22 0,36 _ _ 
7 3,3 8,5 115,0 0,07 0,4 0,07 _ _ _ 
8 4,45 9,8 155,0 0,04 0,04 0,04 _ _ _ 
 

w to protecting agricultural 
lands against flooding an earth dam was arranged that made its confluence at the headwater of the 
underwater canyon. Since this same period an inert materials factory started operating in the Chorokhi 
riverbed the capacity of which amounted to approximately 0,5mln m3/year (basically, coarse fraction 
material to form a coastline was extracted). As a result of this along the coastline of the Adlia-Batumi 
segment a heavy deficit of deposit supposed to form a coastline occurred. Totally, in 1930-80 along the 
Adlia-Batumi coastline more than 40ha area was washed away [3,5].  

Based on the 1978 data out of 30mln m3 solid deposits brought into the Black Sea by the rivers from 
the territory of Georgia on average, the significant share with the amount of 17mln m3 falls on the Chorokhi 
River only, which is 57% of the total amount of deposit [2].  

In 1982-1990 from the washed-away areas of the coastline with the purpose of filling the deficit of 
deposits, under the project of SPA (Scientific-
amount of coarse fraction material (6,3 mln m3 in total) was extracted from the Chorokhi River mouth (that 
was filled during the floods and freshets). Out of the amount of the coarse fraction material mentioned 
above, approximately 1,3 mln m3 was spread along the coastline of the Adlia segment. This material during 
the previous years was being lost in the underwater canyon leading to erosion of canyon slopes and 
correspondingly, resulting in its activation. As expected the material spread along the Adlia segment 
supposed to form a beach being affected by the storms of dominating directions was moving towards 
Batumi where it was forming beaches of full profiles.  

i River hydraulic constructions being widely spread 
across the territory of Turkey drastically changed a hydrological regime of the river. From 1998 the 
construction of the Derineri arch dam with a height of 249m started (Fig.1.23). The dam was being 
constructed in stages was finally completed in 2013. 
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Fig. 2.  Derineri Arch Dam on the Chorokhi River (Turkey) 

 
According to the 2017 data, on the Chorokhi River within the territory of Turkey 27 dams are 

planned to be constructed in total (Fig.3.) that constitutes a major threat to the coastline of the Adjara 
region. Out of the dams mentioned above except for Derineri dam, six dams including Muratli, Borchkha, 
Artvini, Arkuni, Giulbaghi and Tortumi have already been constructed and put in operation.  

.  

 
Fig. 3. Schematic section of the dams being in operation or under construction  

on the Chorokhi River within the territory of Turkey  
 

Width of the washed-away zone of the coastline along the left bank of the Chorokhi River mouth 
amounted to 180-185m in 2007. And, only as a result of the bank protection works conducted in 2007-2011 
it became possible to increase beach width up to 50-55m.  

Meanwhile, in 2001-2007 the right bank of the river mouth was washed away more frequently, along 
the Adlia segment the beach with a width of 125m was washed away. With the purpose of protecting a beach 
in 2009-2012 inert material with the amount of 100 thousand m3 was brought into the above mentioned area 
from the Chorokhi riverbed as a result of which the beach width increased up to 30-50m.  

More to the north, Batumi beaches increased only up to 2-7m. But, as this material is extracted from 
the Chorokhi riverbed with almost no deposits remained in it significant activation of erosion processes is 
expected at the water areas of the river mouth.  

Besides, a collapsing situation has been emerged again near the Batumi Boulevard the most part of 
which was washed out and destroyed (Fig.4).  
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Fig. 4. Collapsed promenade near Adlia (2016) 

 
Dynamics of the Gonio coastline is not homogeneous. In particular, if in 1984-2001 the width of a 

washing zone near the Chorokhi River mouth amounted to approximately 60m while in 2001-2007 it reached 
33-35m, in 2007-2011 beach width in the south and central part of Gonio increased by 4-10m. On this 
segment the condition of beaches does not cause concern as yet. Although, after comparing the materials of 
various periods it appeared that in this area washing-away processes are still being implemented [5].  

For the time being liquid flow in the Chorokhi river basin within the territory of Georgia constitutes 
200m3/sec on average per year. Average annual flows of the two tributaries of the Chorokhi River  the 
Adjaristskali River and Machakhela River  that relatively constitute 52m3/sec and 18m3/sec discharge into 
the Chorokhi river basin as well. The total volume of deposit of these tributaries supposed to form a beach 
does not exceed 80 thousand m3 per year. However, even these deposits cannot reach the sea as the river has 
no capability to transfer deposits any more. The deposits settle in the Chorokhi riverbed and form islands at 
the confluence area.  

Within the territory of Georgia on the Chorokhi River Kirnati, Khelvachauri 1 and Khelvachauri 2 
Hydro Power Plants (Fig.5) are being constructed while on the tributary of the Chorokhi River  the 
Adjaristskali River  Shuakhevi, Koromkheti and Khertvisi Hydro Power Plants are planned to be 
constructed (Fig.6). 

 

 
Fig. 5. Dams being under construction  

on the Chorokhi River within Georgia [6] 
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 Fig. 6. Design Hesses on the Adjaristkali River [8]. 

 
In the very near future after the Hydro Power Plants mentioned above are put in operation, the 

Chorokhi River will stop to provide the Adjara coastline with the deposits that are intended for forming a 
beach for over the next 300-350 years.  

 
REHABILITATION MEASURES FOR THE COASTLINE 

OF THE ADJARA REGION 
 

Following the regulation of the Chorokhi River a new extremely different stage of formation of banks 
has started in the Black Sea region of Adjara that is determined by the factors as follows:  
 A natural renewable source of the material forming a beach does not exist any longer as solid deposits in 

significant amount are not brought to the Chorokhi River mouth; 
 A sea coastline washing-away process at the river mouth became irreversible that will continue until this 

coastline has a frontal shape against dominating waves and dynamical balance profile of a beach is not 
determined by new fractional composition of deposits; 

 Impact of an underwater canyon on the coastline will be reduced to minimum. A great amount of deposits 
that was seized by this canyon is not brought by the river any longer. It is quite hard to predict a 
geomorphological change caused by this occurrence; 

 Along-the-coastline flow of deposits is formed at the expense of washing-away products of a river mouth 
and adjacent transit zone.  

Due to the lack of information regarding the operation of existing and planned dams as well as 
volumes of deposits to be gained in future, the predictions made in this regard are quite provisional. In this 
case the peak (flood) flows that will be released from the dams being in operation on a periodic basis, will 
take on particular significance for deposit transportation.  

In spite of the fact that there exists a prediction for the Adlia-Batumi coastline zone development up to 
2025 as well as several schemes [4] for bank protection measures, we suppose that currently all these options 
need to be proved in more reasonable manner. These measures should be implemented by taking into 
account natural and anthropogenic factors. First of all it will be necessary to achieve a balance of deposits 
intended to form banks artificially on separate areas of the coastline. And only on those areas where bank 
strengthening will be impossible or less effective to implement by solid deposits, various types of bank 
protection and deposit-directing constructions should be used.  
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Annotation. This article provides information about the tectonic situation of the territory of 

Azerbaijan, the interpretation of the results of repeated leveling on the Absheron Peninsula, mud volcanoes 
common in coastal areas of the Caspian sea and seismic situation in the Republic. In order to study 
geodynamic processes in the most seismically active areas AR created six geodynamic polygons. The article 
describes their create features and influence on the stability of geodetic points.  

Key words: geodetic network, tectonics, seismicity, Absheron Peninsula, geodynamic  
processes. 
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Environmental  protection 
 

PROBLEM OF CALCULATION OF NORMS OF PERMISSIBLE 
RECREATIONAL LOADS ON BELARUS WATER RESERVOIRS 

 
L. Hertman, P. Rutkovski  

 
Central Research Institute for Complex Use of Water Resources 

 of Belarus 
E-mail: lubov.hertman@yandex.ru 

 
Annotation. The recreational use of water reservoirs as one of the types of economic activity can lead 

to adverse consequences in relation to the water object - environmental risk and the degradation of the 
ecological condition (status) of the reservoir. The article represents the methodological approaches to the 
integrated assessment of environmental risk and the calculation of norms of permissible recreational loads on 
Belarus water reservoirs.  

Key words: water reservoir, recreation, load norm. 
 
Recreational use of water reservoirs as a kind of economic activities can lead to adverse consequences 

for water bodies - deterioration of its environmental condition (status), and as a result to the decrease of its 
recreational attractiveness. 

According to the legal system of the Republic of Belarus, the use of water objects for recreational 
purposes is currently limited in terms of correspondence with hygiene regulations of water safety, which 
include: 

- maximum permissible concentration of chemicals in the water bodies; 
- approximate permissible levels of chemicals in the water bodies; 
- organoleptic indicators; 
- microbiological indicators; 
- radiation safety indicators. 
However, legal documents do not establish the scale or possible degree of impact of recreational 

activities on water bodies. 
In order to develop the methodology for integrated assessment of environmental risk and calculate the 

norms of permissible recreational loads in recreational areas on Belarusian reservoirs, as well as in the 
framework of the assignment of State Research Program "Nature Management and Ecology", the scientists 
carried out the analysis of modern approaches to the assessment of the recreational use of water bodies [1]. 
The researches show that the following factors are necessary to consider when calculating admissible 
recreational loads: 

 load norms shall not exceed the admissible volumes of recreational use. The norms shall be 
determined not separately, using different criteria, but by their correlation and finding the optimal value from 
the point of view of peculiarities relating to a certain type of recreation, psycho-physiological comfort and 
stability of a water body (reservoir) in terms of anthropogenic loads; 

 the norms of permissible one-time recreational load are of key importance: seasonal, annual, and 
established for longer periods; 

 the permissible volumes of recreational use of water bodies shall be determined taking into account 
the impact of other (non-recreational) activities. 

It is proposed to assess the degree of possible recreational load on the water body on the basis of the 
algorithm that takes into account the initial state of the reservoir, sources of impact on it and its assimilating 
capacity. 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL C MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONST  

25 27 August, 2017 

        c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
45 

The use of this algorithm presupposes the conduction of the complex of studies, including the 
following basic elements: 

 collection of initial information about the water body (reservoir), which includes the assessment of 
natural conditions and existing anthropogenic impact; 

 identification of existing sources of anthropogenic impact and background characteristics of the 
reservoir; 

 calculation of load for the planned types of recreational use; 
 comprehensive analysis of the degree of impact of proposed types of recreational use on the overall 

environmental condition of the water body; 
 determination and analysis of reservoir assimilative capacity; 
 in case if the assimilating capacity is exhausted, the use of this reservoir as a recreation facility is 

impossible without additional research and rehabilitation measures; 
 in case if the assimilating capacity is not exhausted, we make the choice among possible types of 

recreational use of this water body; 
 drawing up the regulations for the recreational use of a water body and the measures ensuring the 

conservation of the water body and improving its environmental state. 
The collection of initial information includes the generation of basic data on the following criteria: 

morphometric, climatic, hydrochemical, hydrological, hydraulic, biological, and organoleptic. 
When analyzing the existing anthropogenic impact, we determine the composition of water users, the 

degree of their impact on the quantitative and qualitative characteristics of the water body. 
The determination and analysis of the reservoir assimilative capacity makes it possible to establish the 

ability of a water body to take a certain mass of substances per unit of time without violation of water quality 
standards in the controlled section or water use point. 

The choice of possible types of recreational use of a water body is carried out taking into account the 
recreational criteria that can be recommended for a particular water body. 

The calculation of permissible recreational load is carried out in accordance with the requirements for 
a certain type of recreational use and the capabilities of the water body according to the correspondences 
stated in this methodology, as well as on the basis of expert estimations. 

During the phase of complex assessment of the influence of recreational use of a water body, we are to 
determine the total impact of the proposed composition of recreational species on the hydrological, 
hydrochemical, hydrobiological, sanitary and hygienic indicators of water resources and the limits of their 
use in order to prevent the excess of maximum permissible concentrations of pollutants and the density of 
the water area and coastal area. 

In accordance with the received information, we make the general expert assessment of reservoir 
condition on the basis of morphometric, climatic, hydrochemical, hydrological, hydraulic, biological, and 
organoleptic criteria for the purpose of its recreational use. 

The calculation of load for each type of recreational use of a water body (reservoir) is carried out in 
accordance with allowable values and the corresponding characteristic of the water body. 

The algorithm is the base for developing the methodology of the integrated assessment of 
environmental risk and calculating the norms of permissible recreational loads on the reservoirs of Belarus. 
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Annotation. In this article, the linear trend method was used to analyze the long-term fluctuations of 

the maximum and annual runoff of the rivers of Azerbaijan. This analysis makes it possible to identify 
directional changes in multi-year fluctuations. For this purpose, were used maximum and annual discharges 
dates for 1960 - 2014 years for 29 hydrological observation stations.It was revealed that in most of the 
territory of Azerbaijan maximum flow of rivers are decreased, which is probably caused by modern climate 
changes. Only in 2 regions the trends of the generalized annual runoff are statistically significant: for the 
rivers of the southern slope of the Greater Caucasus, the trend is positive, and for the Lenkoran natural area, 
the trend is negative. 

Key words: annual runoff, maximum runoff, linear trend, climate change, anthropogenic factors, 
statistical significance. 
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GRAPHOANALYTICAL METHOD OF FORECASTING THE 
TRANSFORMATION OF ABRASION BANKS OF HIGHLAND WATER 

RESERVOIRS  
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L. Bilanishvili, D. Potskhveria, N. Kandelaki, N. Sukhishvili 
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Annotation. The article provides the results of field and theoretical research carried out for assessing 
and forecasting the transformation of abrasion coasts of highland water reservoirs of Georgia depending on 
wave energy, erosion of rocks and duration of erosion process. The calculations are quite accurate. It has 
been established that the process of transformation of abrasion banks of highland water reservoirs has a 
general nature being only distinguished by quantitative differences.  

Key words: highland water reservoirs, transformation of banks.  
 

INTRODUCTION  
 

The issue of forecasting the transformation of banks of highland water reservoirs is significant not 
only for the reservoirs being designed but also for those ones which are already existing. Georgia is a 
mountainous country and highland water reservoirs constructed on its territory as early as in the middle of 
the last century are already distinguished by significant consequences of bank transformation processes. For 
the time being there is no guidance on calculation of bank transformation process of highland water 
reservoirs. The present work provides a simple method of forecasting the transformation of an abrasion 
bank that with an adequate accuracy for practical calculations allows to evaluate the scale of this process. 
The work summarizes a large number of theoretical materials and observations on the banks of  highland 
water reservoirs of Georgia.  

 
MAIN PART  

 
The study of the issue being considered for lowland water reservoirs has started since the middle of 

the last century when reservoirs were widely constructed throughout the world. Doctor of technical science, 
prof.  N. Varazashvili  a pioneer and forward of the investigations for studying highland water reservoirs of 
Georgia  highlights their key differences for the first time (table 1).  

Table 1 
Average quantitative indicators of water reservoirs of various types 

 
Item 
num-
ber 

Key indicators Symbols  Unit of 
measure 

Quantitative indicators 
Lowland 

water 
reservoir 

Piedmont 
reservoir 

Highland 
water 

reservoirs 
1 Mountain terrain indicator   -    
2 Morphometric feature  H2/F - -9 10-7 -7 -5 -4 -3 
3 Amplitude of water level variation  A m Less than 6  More than 20 
4 Volume utilization  Wact./Wtot. -    
5 Volumetric gain on 1m pressure  Wact /H mln.m3/m    
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6 Correlation between volume and water-
surface area Wtot /F mln.m3/km2    

7 Correlation between flooded area and 
effective capacity  

Spond/ Wact. 
 km2/mln.m3    

8 Flooded are on 1m pressure  
 Spond/H km2/m    

9 

Percent of area of shallow waters from 
the total water-surface area at flood-
control storage level  
 

Ffleetwater/ 
Ftot  

%%    

10 A =f(a) A  - 0.010 0.014 
 

0.016-0.018 
 

  
Based on the calculations four basic types of slopes are distinguished:  

 
- formed by sandy non-cohesive soil; 
- formed by cohesive clay rocks; 
- formed by half bed-rocks with relatively weak cohesion; 
- formed by solid rocks of high density with tight structural coherence.  

Following the investigations of various authors a new method of forecasting erosion of abrasion coasts 
for a certain type of water reservoir was developed (table 2).  

  
Table 2 

Forecasting groups for a certain type of water reservoir in Georgia 

 Group of water reservoir 

 
Amplitude of 

water level 
variation 

 
( ), m 

Movement rate of 
water line  

(Vfront), m/day 

Morphometric 
feature 
 H2/F 

Mountain 
terrain indicator 

(average)  
" "*) 

1 Quasistationary  Less than 6 m Up to 0,03 8 10-9 3 10-7 0,84 
2 Unstable  6 20 0,03 0,08 3 10-7 3 10-5 0,57 
3 Average drawdown level 20 50 0,08 0,50 3 10-5 3 10-4 0,36 
4 Quick-operating  50 100 0,50 1,5 3 10-4 8 10-3 0,27 
5 Intensive-operating  More than 100 More than 1,5 Less than 8 10-3 0,12 

     
 *) The value of m

depth (H) of water reservoir (Fig.1.) 
 
It is widely accepted that erosion of abrasion coasts of highland water reservoirs depends on the 

following factors: wave energy at the coast of the certain area, level regime, capability of the earth material 
of the coast to be exposed to erosion as well as duration of erosion.    

There are two main positions that stick out: - with the level movement when an amplitude is no more 
than 6,0m; and, with the level movement when an amplitude is more than 6,0m; 
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Fig. 1. Dependence of water reservoir capacity (W) on the depth of water admission (H) when the terrain 
indicator  and w has different values. 1.  Volume curve for lowland water reservoirs (  = 0,76, W = 3,2); 

2. The same for piedmont water reservoirs (  = 0,37, W = 2,7); 3. The same for mountain water reservoirs  
(  = 0,27, W = 2,32); 4  the same for high-mountain water reservoirs  (  = 0,176, W = 1,8). 

In view of the first position of the calculation (when the variation of water level is no more than 
6,0m) a design level is considered to be the level of water with no less than 60% occurrence. With a view to 
forecasting the transformation of abrasion coasts an energetic method is used during which a level of 
destruction is determined from the following formula, [Kachugin E.G., 1975]: 

eros tKEKQ ,             (1) 
where Q  is a capacity of erodible earth material along the 1m length of the coast, in m3; E  is a long-term 

annual average wave energy occurring on 1m length coast, tm.; erosK  is a coefficient of erosion of rocks in 

m3 on tm. of wave action; K  is a coefficient considering a bank elevation; t  is a number of years of 

erosion;  is a degree value. Values of coefficients ( erosK ) and ( K ) are provided in table 3.  
 

 Table 3  
Values of coefficients erosK and K  

 
 Class of geological material erosK , m3/ever.m K  

1 Very easily erodible earth materials  0,03 
2 Easily erodible earth materials (sand, loam soil, sandy loam)  0,035 
3 Earth materials of average erodibility (heavy loam, lake clay, etc.)  0,04 

4 Hardly erodible earth materials (gravel, sandstone, marine clay) Less than 0,0005 0,05 
  

The value of indicator " " ranges between 0,45 and 0,95. An average value of " " equals to 0,7. In the 
case of alluvial coarse sand with gravel and pebble  = 0,5; in the case of moderately coarse sands with 
gravel  = 0,6; in the case of  bouldery  glacial clay loam  = 0,7; in the case of alluvial fine and dust sand, 
cover loessoid sandy loam and clay loam  = 0,8; in case of cover loamy light sand  = 0,9. Shapes of 
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erosion are delineated on the engineering-geological profile considering upper and lower borders of erosion.  
Design levels are considered to be normal (upper) headwater elevation (FRL) and lower level of 

maximum drawdown (MRL). Major elements of the calculation are: - erosion boundaries  upper ( 1) and 
lower ( 2);  outlines of abrasion bench lands and their change over time, an average angle of safe cut 
m = ctg ;  timeframe and duration of separate stages of the process.  

A projected profile is constructed along with the movement of water level in the reservoir for a design 
elevation. On each design elevation a profile produced during the previous cycle of abrasion is considered to 
be initial. The final (integral) profile of erosion is constructed through the integration of its private changes.  

In view of the second position of the calculation (when the variation of water level is more than 
6,0m) for forecasting the transformation of abrasion coasts of mountain water reservoirs a method of grapho-
analytical construction is used. When the movement of water level in the water reservoir is variable and soil 
is homogenous, the ultimate width (S) of erosion is determined in the following order (fig.2):  

 

 
 
 
 
 

Fig. 2. Determination of ultimate 
width of erosion of rocks from 

homogenous soil when the water level 
of reservoir is variable  

 
 

- Upper erosion boundary  according to the slope profile ( 1) on abrasion coasts depends on the height of 
wave setup (hrun up), wave (hwave setup.) and wind (hwind setup.) setups aslope: 
 

1 = hrun up + hwave setup. + hwind setup,  m,                                                           (2) 
 

where,  hrun up = 1,1hdeep,1%  kr  krun, m [I.Iordanishvili, 2012];  h wave setup. = 0,5hdeep,1%;  hwind  

setup. = 0,001hdeep,1%, m   value of wind setup on mountain water reservoirs in the conditions of short length of 
wave fetch (D  10 km);  hwind setup. = 0,001hdeep,1%, m and for practical calculations its value can be 
neglected;  hdeep,1%, deep,1% (m)  the height and length of waves in deep water of 1% occurrence, in case of 
absence of statistical data hdeep,1% is calculated according to dependence  -  1%deep.deep.1% Phh ,   where    

4,02,1
deep. DVAh cb  (m);   

 design curves DVAfh cb ,,deep.  provided on fig. 3: b = 

indicator ( ) provided in table 1; Vc  wind velocity m/sec; D  wave fetch (km); 1,11%P   coefficient 
 

 (krun)  dependence from the angel of slope to the elevation ( krun = 1,2 when  = 
krun = 0,5 when  = krun > 2 when  <  

 (kr)  coefficient of surface roughness of bank side (Table 4).  
-  Erosion lower boundary ( 2) is determined depending on a type of soil: 

for non-cohesive soils:  

meanp

u

dm
hnarcsha

1

2

2
16,008,0 , m                                                      (3) 
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Fig. 3. Dependence of average height of wave ( deep.h
) from wind velocity (Vc),  acceleration distance (D) when 

coefficient Ab has various values:  
DVAfh cb ,,deep.  

(1   = 0,01; 2   = 0,014; 3   = 0,016; 4   = 0,020; 5   = 0,022; 6   = 0,025) 
 

Table 4 
Coefficient of surface roughness (kr) of a slope 

 

 Type of slope protection Coefficient of 
roughness, kr 

Coefficient of 
roughness according 

to Gangilie and 
Kutter, 

n 

Lineal 

mm 

1 Concrete plates   <1,0 
2 Clay-gravel slope 90   
3 Talus of rounded stone    
4 Talus of crushed stone    
5 Concrete bricking    >50,0 
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for cohesive soils: 

 

,
25,1

825,008,0
01

2

2 H
ymeanp

u

CKdm
hnarcsha m                                       (4) 

where 1  and   is relative weights of soil and water; un   is an overloading ratio, 
V

Vnu
max , for wavy 

flows, un =0,4; pm  coefficient of the conditions of work, (Table 5); meand   average diameter of soil, in 

mm; 0K   coefficient of uniformity of clay soils (on average 4,00K , Mirtskhulava T.E. 1974); h
 
and    

height and length of waves in control station;   design soil adhesion for clay soil  = H
yC   

standard endurance strength of clay soil: CCH
y 035,0 , 0021,000035,0H

yC . 

Table 5 
 

Coefficient of the conditions of work (mp) 
 

Cohesive soils 

Conditions of work 
pm  Non-cohesive soils 

Conditions of work 
pm  

Existence of deposits in a colloidal state 

more than o,1kg/m3 

1,30 Slopes formed by sand d 0,25 0,10 mm 1,30 

The same, where d 1,0 3,0 mm 1,50 

Existence of deposits of coarse grain 0,75 Slopes formed by gravel d 3,0 10 mm 1,40 

Bottom and slopes are occupied by 

vegetation  

1,10 The same, where d 10 30 mm 1,20 

Moisturizing when water level is varying in 

the areas with dry climate   

0,20 Slopes formed by pebbels 1,10 

The same in the areas with humid climate  0,60 Rubble slope  1,00 

 
 

The calculation ( 2) for cohesive soils according to the formula (4) is facilitated by using fig.4.  

A predicted slope when a water level varies during the movement and soil is homogenous is 

 = m2 found in (Table 6) for the given soil, is drawn 

from point (a) to point (b) on the horizontal line dividing the vertical distance in halves    between the design 

levels of normal headwater elevation (FRL) and lower level of maximum drawdown (MRL). Straight 

ctg  = m1 , corresponding with (h1), is drawn from point (b) to point ( ), straight (cd) is drawn in parallel with a 

slope (ef) and the width of coast transformation is determined by horizontal distance (S). 
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Fig.4. Change in size of the erosion lower boundary of cohesive soils (a2) depending on: 
 wave height (h), coherence of coast soils (C), soil diameter (dmean) (1   dmean = 0,04 m, 2  dmean = 0,01 m) and on 

relative flatness of waves /h =  
 

Steepness of overwater slopes is taken to be equal to depositional gradient of soil in water-saturated 
condition while steepness of underwater slopes is taken by comparison with analogues (table 6).  

Table  6 
Angles (  

 
 Deposits  

Conditions  
Overwater  Underwater  

1 Gravel-pebble   
(m = ctg  = 1,73) 

 
(m = ctg  = 2,1) 

2 Coarse and fine sand   
(m = ctg  =  

 
(m = ctg  =  

3 Sand clay and loam soil  
(m = ctg  =  

 
(m = ctg  =  

4 Clay    
  
A number of years ( max) during which a final transformation of coast will occur equals to: 
 

,2
max

max V
ST k  year,                                                                   (5) 

where, maxV   maximum velocity of coast erosion in m/annually (Fig.5).  
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1  loess; 2  fine sand; 3  medium sand; 4  loam soil; 5  clay; 6  coarse sand with boulders 
 

In the preliminary calculations the connection between the upper boundary of erodible slope formed 
by loam soil ( 1) and a wave height (h) is given by ha1 ;  and, the lower boundary of erosion is given by  

ha 3,12 . 
An example of graphoanalytical construction of an abrasion bank profile of the Tbilisi water reservoir 

is given on table 7. 

Table 7 
Calculation of upper ( 1) and lower ( 2) erosion boundaries of a coast of  

the Tbilisi water reservoir (Gross section 1) ( /h = 10, dmean = 0,004 m,  = 0,06) 
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0,014 3,5 37,0 1,4 1,1 1,54 0,9 1,2 1,83 0,77 0,001 2,6 2,7   
 
An extent of erosion in diagram form is determined as an area confined within the line of an initial 

slope as well as the line of a predicted profile (fig.8).  
 
 
 
 

Fig.5.  Diagram )hfVm  
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CONCLUSIONS  
 

Key distinctive features of mountain water reservoirs: moderate-size water surface; significant depths 

geomorphological factors of coast slopes; producing significant wind velocity (up to 40m/sec); small lengths 
 

With a view to forecasting the transformation of abrasion coasts of mountain water reservoirs it is reasonable 
to use a graphoanalytical method of construction. However, forecasts are provisional they are quite useful for 
practical calculations. Only in a crucial situation for the purposes of correcting forecasts, the calculations can 
be made more precise based on quite serious investigations according to the results of hydrological and 
engineering-geological observations.  
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is possible on the basis of the land reclamation development taking into account both reconstruction of the 
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As a result of the research, a technology for monitoring of the reclaimed lands has been developed, 
taking into account the improved monitoring principles, modern methods of collecting, processing, storing 
and transferring of information; the use of GIS technologies. Recommended new instruments and equipment 
for observation can provide the maintenance of the hydrogeological, hydrological and ecological 
observations in an autonomous automatic mode. To analyze and systematize monitoring data, it is 
recommended to use the ArcGis software system. 

Key words: water resource, land reclamation, environmental monitoring, groundwater, surface water 
bodies, soils, ameliorative systems. 

 
 
At the present the effective agricultural production and the agricultural imports ensuring is possible on 

the basis of the land reclamation development taking into account both reconstruction of the existing and 
construction of a new land reclamation projects. 

Currently, the area of reclaimed agricultural land in the Russian Federation is 9.1 million hectares, 
including 4.3 million hectares of irrigated land, and 4.8 million hectares of drained land. Unfortunately, a 
considerable part of the reclaimed lands (over 3.5 million hectares) is in unsatisfactory conditions now. More 
than half of the irrigation systems (2.4 million hectares) require reconstruction and technical re-equipment to 
improve safe operation and other activities. To provide normalization of the situation, the Federal Targeting 
Program "Development of Land Reclamation of Agricultural Land in Russia for 2014-2020" 

(Approved by resolution of the Government of the Russian Federation of October 12, 2013 N 922) has 
been developed. 

The State Ecological Monitoring of agricultural land including reclaimed land) is the main source of 
information for the decision-making at the development of land reclamation as well as construction and 
reconstruction of land reclamation systems. Researches and works on the development of monitoring of the 
reclaimed land are being carried out in VNIIGIM named after A.N. Kostyakov, long term works in this 
direction having been carried out at the Institute during 1970s-1980s. (D.M. Kats, N.I. Parfenova, V.E 
Raynin). In the past decades, significant changes in the economy as well as in the reclaimed areas of 
agriculture occurred. Tools and equipment were actively developed in the fields of observing, collecting, 
storing and processing of the received information. In this regard, it is necessary to improve and to update 
the methods for the conducting of the environmental monitoring in the reclaimed lands. 

The objects of the environmental monitoring are: groundwater, surface water bodies, soils, and 
irrigation and drainage systems. When carrying out environmental monitoring of reclaimed lands, it is 
necessary to use data (if available) for monitoring soil fertility of agricultural land held by state centers and 
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agrochemical stations, as well as monitoring of water bodies, subsoil conditions, and hydro-technical 
monitoring. 

The main objectives of environmental monitoring in drained lands are [3,4,5]: 
- moisture storage and the humidity in the root layer of the soil during the growing season, including 

the optimal time of the additional watering, or excess water removal; 
In the case of sub-surface irrigation: 
- the pattern of the atmospheric precipitation; 
- capillary feeding of the aeration zone; 
- total evaporation (water consumption) of the cultivated crops; 
- drainage flow, including optimal time and water discharges from the drained areas, including the 

period of sub-irrigation; 
- the pattern of the groundwater levels;  
- the quality of surface, groundwater and drainage water for determining the degree of their 

contamination with mineral fertilizers and pesticides to determine the possibility of drainage flow re-using; 
In the case of surface irrigation: 
- temperature characteristics of the soils; 
- the amount of run-off, its change in time and distribution over the territory; 
- the status of drainage systems and hydraulic structures, including the development of erosion of 

banks of the canals, their overgrowing and silting, deflation and subsidence of peat, etc.; 
-estimation of the volume and quality of water used for drinking water supply to the population and 

irrigation within the land reclamation systems; 
- estimation of the volume and quality of waste and drainage flow; 
- estimation of the drainage efficiency and other ameliorative measures as well the possibility of 

drainage flow re-use for irrigation purposes; 
In drained irrigated lands: 
- the hydrological pattern of the surface water bodies (which are used for water supply, irrigation, 

drainage flow discharge, etc.); 
- the pattern of the underground water and the water in the pressure (sub-pressure) aquifers; 
- the degree, character and dynamics of soil salinity, the complexity of soils, changes in their water-

physical properties; 
- factors determining the ameliorative status of the irrigated lands; 
At the final stages of the monitoring in the irrigation and drainage zone: 
-estimation of the ameliorative status of the irrigated and drained lands; 
-conducting of the special studies in the experimental plots to determine the parameters of the 

saturated and unsaturated zone for the hydro-geochemical and hydro-geodynamic forecasts of groundwater, 
water and salt pattern of the aeration zone, soils; to perform organization of the observations of the filtration 
losses from the canals and filtration losses in the fields; to provide efficient operation of the collector-
drainage network, etc. 

- flood control in the populated areas as well as the forecast of the emergency of any unfavorable 
engineering and geological processes; 

- the forecast of changes in the groundwater pattern in the hydro-ameliorative systems and adjacent 
lands; the status of the water bodies used for domestic and drinking water supply, irrigation, water supply for 
the livestock farms, discharge of collector-drainage water (if necessary - with the involvement of research 
and design institutes of the Russian Academy of Science and the Ministry of Agriculture of the Russian 
Federation); 
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- estimation of the reliability of the soil-hydrogeological forecasts and land reclamation (if necessary - 
with the involvement of research and design institutes of the Russian Academy of Sciences and the Ministry 
of Agriculture of the Russian Federation); 

-development of the proposals for the prevention or elimination of adverse ecological processes in the 
agricultural and the adjoining lands, as well as in the water bodies; 

- providing the necessary information for the operational management in the reclaimed lands; 
- development and annual submission of the data for the Register of the Reclamation Systems and the 

Reclaimed Lands, preparation of targeting programs in the field of land reclamation, reconstruction of 
irrigation and drainage systems to ensure the fertility of soils of agricultural land at the Federal, regional, 
district and economic levels. 

As a result of the research, a technology for monitoring of the reclaimed lands has been developed, 
taking into account the improved monitoring principles, modern methods of collecting, processing, storing 
and transferring of information; the use of GIS technologies. Recommended new instruments and equipment 
for observation can provide the maintenance of the hydrogeological, hydrological and ecological 
observations in an autonomous automatic mode. To analyze and systematize monitoring data, it is 
recommended to use the ArcGis software system. 

The technology is a system of stages, processes, methods and software and hardware that determine 
the procedure for the reclaimed land monitoring. 

The implementation of the technology ensures the collection of information on the status of the 
reclaimed lands as well as their changes, the processing of information and the provision of collected data in 
the form of an comprehensive model (a set of sub-models such as cartographic, mathematical etc.) which is 
sufficient to estimate the ecological and ameliorative conditions, to forecast dynamics and to make 
management decisions on the land reclamation status in order to minimize environmental risks, to maintain a 
favorable ecological conditions, to provide efficient use of water and land resources and to get high yield of 
agricultural crops. 

The technology includes the following stages: the determination of the object of research, the setting 
of works, the monitoring program, the identification of funding sources for monitoring, the organization of 
observations, the organization of special observations (pilot production plots), the observation, the 
establishment of a primary information bank, the creation of graphical models reflecting the current status of 
the reclaimed lands, the estimation of the status of reclaimed lands and the risks of the development of the 
unfavorable processes, the adoption of the operational decisions to reduce the environmental risks, scenario 
studies of the dynamics of the development of the land reclamation status using the mathematical models, the 
choice of planned measures to improve the land reclamation status; information transfer to the operation 
service, federal executive bodies, interested parties. At the each stage processes and algorithms of the 
necessary actions, methods of conducting work, actual software and technical support are determined 
depending on the monitoring object (groundwater, soil, surface water bodies, land reclamation systems), 

The novelty of the research is the orientation of developments on the technology of monitoring in the 
reclaimed lands basing on the wide application of GIS-techniques and software products. To analyze and 
systematize monitoring data, the ArcGis software system of the Agricultural Land Monitoring System in the 
Ministry of Agriculture of Russia is used. 

To adapt the use of ArcGIS support for monitoring of the reclaimed lands the following works have 
been done: 

ion on environmental and land reclamation indicators 
was created; 

-information layers have been created on observation points and reclamation objects in the 
Ryazan region in accordance with the list; 
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he data structure and tools of the geo-information 
environment of the system was developed; 

 
 facilities have been created 

in case of a risk of the reclaimed lands deterioration. 
In the addition to the database on the development of the adopted reporting format in the system of the 

Ministry of Agriculture of Russia on the environmental indicators of reclaimed lands status were given. 
Studies have shown that the economic efficiency of the reclaimed land monitoring can be determined 

through the gross income of the agricultural production in the cadastral valuation of land. The procedure of 
the reclaimed land cadastral value determining is considered, taking into account the monitoring data. The 
estimation of the gross income of the agricultural production on the basis of the monitoring data of the 
reclaimed lands under their current condition as well as the restoration of a favorable land reclamation status 
make it possible to determine the economic efficiency of the investments into the restoration of the land 
reclamation fund. 

In accordance with the completed studies, the economic part of the reporting forms which is submitted 
to the Department of the Land Reclamation and Agricultural Water Supply was proposed and the accepted 
form of the estimation of the planned yields should be changed. This will make it possible to increase the 
validity of the proposals of the Department in the development of Land Reclamation which will increase the 
Productivity of Agricultural Land. 
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Annotation. In various natural landscapes of Azerbaijan creating of systematic regulation of the agro-
irrigational, cultivated-plantational landscapes have a tremendous significance. Many questions of the 
appropriateness of the formation, functioning, regulation of the agro-irrigational landscapes in various 
regions of Azerbaijan have already been practically learned. It mainly concerns to the irrigational regions of 
the republic, where in most areas land-reclamation situation is unfavourable, without which it is impossible a 
rational planning of the formation of various anthropogenic landscapes. 
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 CaCO3 P2O5 K2O Ph  
1 -   0,58 120 0,68 32,4 7,01 0,21 
2   0,82 850 0,38 182,5 7,60 0,06 
3   0,56 180 0,42 129,5 7,30 0,04 
4   0,28 182 0,42 125,6 6,74 0,16 
5   0,51 886 0,34 31,4 7,20 0,02 
6   0,84 170 0,32 28,5 7,14 0,24 
7   0,39 744 0,75 134,4 6,80 0,37 
8   0,52 178 0,40 130 7,20 0,02 
9   0,38 740 0,70 130,5 6,70 0,35 
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Environmental protection 

NEW NON-CONVENTIONAL WATERPROOFING MATERIALS   
 

L. Itriashvili, I. Iremashvili, E. Khosroshvili, G. Natroshvili 
 

Tsotne Mirtskhulava Water Management Institute  
of Georgian Technical University 

Ave. Chavchavadze 60b, Tbilisi, Georgia, 0179 
E-mail: itriashvili@mail.ru 

 

Annotation. Given article describes the content, behavior, fabrication method and using of new non-
conventional waterproofing materials. 

Key words: woven and nonwoven materials, bentonite, polyelectrolyte, steep, waterproofing. 
 

Water proofing is one of the basic elements of all constructions. In spite of large number of existing 
ones, it is still a very difficult task to find new, easy to process and cheap waterproofing materials.    

As a result of the study, we have developed a new, easy to make and cheap waterproofing on a base of 
woven and nonwoven materials [1,2]. 

Fabrication method is easy and consists from the following operations: 
- Preparation of 10% aqueous suspension of bentonite; 
- Mixing of the suspension of bentonite and the polyelectrolyte solution to obtain a homogeneous mass 

(working mixture);  
- Impregnation with a working mixture of any woven or non-woven material and drying at any temperature 

up to 1000  (700 ml of solution per 1 m2 of a basis with a thickness of 1 cm). 
The optimal thickness of base material is providing an effective waterproofing of 0.5 3.0 cm.  
After drying, impregnated mixture turns into highly swelling composite (up to 5000% of the volume), 

Contacting with water it increases in volume and covers the pores of the base, making it totally 
waterproofing. 

The composite is resistant to temperature, microbiological, chemical and radiation effects and it is 
environmentally friendly. 

Waterproofing effect of materials does not decrease when exposed to high water pressure. 
Materials are flexible enough and they can be fitted on the surface of any configuration.  
Period of validity of this waterproofing material depends on the period of validity of the base material.   
The cost of materials depends on the price of base as the cost of impregnated mixture for 1 m2 of the 

base with thickness of 1 cm does not exceed 1 cent. 
The proposed materials can be successfully used to create anti-filtration screens on canals, ponds, 

reservoirs, slopes of dams, etc. It can also be used for growing seedlings, lawns, mushrooms, etc. 
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MATERIAL AND FUNCTION: ON THE SPECIFICS  
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I. Kashina, A. Sokolova  

 
Academy of construction and architecture 

Of Don State Technical University 
Tr. Krylovskaya 20, ap.4, Rostov-on-Don, Russia 
E-mail: akbcf84@yandex.ru, lisa.858@yandex.ru 

 
Annotation. The article considers the problem of preservation of architectural creativity and its 

internal meanings and values within the evolution of post-industrial society. Architectural shaping as the 
process of accumulation and transmission of spatial experience free of Constitution is analyzed from the 
point of view of changing the ratio of "material" and "function" in the context of the development of mass 
production and culture. Evaluates the prospects of development of the structural-functional approach to the 
development of architectural principles independent of theory. 

Key words: architectural form; space; structure; function; mass culture; standardization. 
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Hydrology,  Hydrochemistry 
 

WATER QUALITY ANALYZE IN  RIVER VERE 
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Annotation. The problem of pollution of c. Tbilisi is one of the most urgent issues, study and analyze 
of which have the most important role in further development of our city. To solve this task, since 1990 TSU 
Hydro-meteorological School Laboratory has been identifying the content of some standard elements 
(copper, zinc), biogenic substances and hydro-chemical properties of the river. Within the past 27years 
period, to reveal the expedient changes in the chemical content of riv. Vere, taking samples and chemical 
analyze was held in three stages in three sections.  

  Analyze of the chemical elements taken at the first stage showed that their motion is asynchronous 
against the river discharges.  

 The comparison of the analyzes made in 1990-1992 showed that the solid residues (accordingly 
mineralization) in 1990 was relatively high (0.9-1 g/l). In 1992 it started reduction and in May, 1992 reached 
the minimum value (0,034g/l), which might be explained by the reason that since 1991, the enterprises 
closely located to riv. Vere did not function any more due to the instable state in the country. Since 2000s, 
after starting the functioning of enterprises, mineralization increased and exceeded the data of 1990 in the 
samples taken in 2008.  

In the samples taken in 2017 down to the Napetvrebi ravine, the nitrates are found - NO-
2- 0,50mg/l 

and NO-
3 - 3.90 mg/l, where no ammonium ion is presented, which indicates that the water was polluted 

previously and self-cleaning process was in course in the water. As for the sample taken at the same time to 
the outfall of riv. Mtkvari  down to the Zoo, here, in contrary, ammonium ion is presented - NH+

4 - 3.50 
mg/l and no nitrates and nitrites are observed, this shows that the pollution of the water with organic 
substances occurred recently. The ammonium content in this water is higher than Threshold Limit Value (T 
L V - 2mg/l). Accordingly, the degree of oxidation, 44, mg/O2/l is relatively increased in this water in 
comparison with others; furthermore, this water had a heavy odour of hydrogen sulphide (H2S).  

Based upon the above given conclusions of the chemical analyze of the river; the annual monitoring 
should be inevitably established as for riv. Vere as for other tributaries of river Mtkvari in c. Tbilisi areas.  

Key words: macro-elements, biogenes, solid residue. 
 

INTRUDUCTION 
 

Water is one of the most important natural resources, it is a mostly spread chemical compound. The 
eminently universal role of water in nature is explained by its distinctive and, mostly, anomalous, physical 
and chemical properties. By these properties water determines all of the processes being in course in water 
objects, as well as a lot of peculiarities of the climate, meteorological and geomorphologic process. It is 
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widely applied as drinkable water, for domestic, industrial, energetic, agricultural needs, water transports, 
recreational, tourism and other public necessities complying with the requirements set forth in the laws. In 
case of water shortage, a lot of countries might not deal as with food as energetic crisis.  

Water is the renewable resource on the earth. Despite, in a number of regions, water suffers from very 
heavy anthropogenic load due to which the water objects are intensively polluted which has the catastrophic 
character sometimes. Exactly this property of water serves as the reason that the problem of fresh water 
became one of the urgent and tickler social-economic problems today, this problem is not caused due to lack 
of water but due to its unplanned predatory using which results in reduction of water reserves and the heavy 
worsening of water quality.  

There are the various sources of pollution of water objects. In a lot of regions on the earth, the polluted 
substances are fallen in the water objects through bringing the radiation dust (Chernobyl  1986, Japan 
catastrophic tsunami  2011, etc.) or other chemical substances over the earth surface by impact of 
atmospheric precipitations which causes degeneracy of flora and fauna, by flowing down the treated waters 
of chemical plants, marine and land transport, huge catastrophic phenomena of the earth, wars, etc. which 
results in the worsening human health and disorder of the functioning of ecosystem.  

 Discharge waters always contain some quantity of solid particles and solved substances. Such 
particles are observed in water as floating, rolling-creeping, as well as solved substances. Study of the 
soluble chemical substances taken out by river water gives some possibility of observance at the impact on 
environment. It should be noted that the study of the flown down soluble substances has the great scientific 
and practical importance for solution of a number of geological, geochemical and hydro-chemical or other 
problems.  

One of the basic tasks of the study of water content is identification of ion contents. Ionic or macro-
element part (Ca2+, Mg2+, Na+, K+, CI-, SO4

2-,HCO3
-, CO3

2-), microelements (Cu, Zn, Mn, Cd, Pb, etc), 
biogenes ( NH4

+, NO2
-, NO3

-, PO4
3-), organic substances and mineral colloids are implied in the chemical 

content of the solved materials. Analyse is based upon the specific properties of every ion and identifies their 
concentration in water.  

The common ionic part of the substances solved in water consists of 90-95% of the basic part of water.  
In surface waters, biogenic substances belong to the most variable components. The powerful, fast 

biological and biochemical factors are added to the abovementioned numerous factors providing the 
chemical content of water, which ensures the regime and content of biogenic substances. Basically, the 
content of the biogenic substances in lakes and reservoirs is profoundly studied in contrast to river waters.  
 

MAIN PART 
 

The problem of pollution of c. Tbilisi is one of the most urgent issues, study and analyze of which 
have the most important role in further development of our city. To solve this problem we need inevitably 
study of water quality at every water object located in our city. From this point of view, riv. Vere is our 
research object, the aim of which is the identification of the content of hydro-chemical properties, biogenic 
substances and some standard elements (copper, zinc) in riv. Vere. For this purpose, from November 1990 to 
1992, inclusive, Hydro-meteorological School Laboratory of Iv. Javakhishvili Tbilisi State University 
actively started taking samples and chemical analyze of water samples at riv. Vere within different stages of 
water content regime. Further, to show the expedient changes in chemical content of the river, the mentioned 
works have been held episodically in 2009 and 2017. Furthermore, it should be noted that the everyday 
observances at floating debris in riv. Vere has been carried out from 1963 to 1990s, the measurements were 
held episodically according to the water content regime of the river to identify the bottom debris flow, 
according to which the debris flow of riv. Vere was established which averagely equals to 96 thousand tons 
annually (fl. 74+bot.22).  
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The chemical property of the river depends on a lot of factors, it is very variable value and its chemical 
flow depends on the complicated complex of the physical-geographical factors of a basin, within the last 
years it is added by the economic activity of a human which sometimes has the decisive role in formation of 
the chemical flow of riv. Vere, so in order to get the reliable and objective information, the long-term and 
systematic observances are required.  

The hydro-chemical observances at the water of riv. Vere are held in three sections: 1. adjacent to the 
conjunction of Napetvrebi ravine  down to it; 2. In the section of TSU hydro-meteorological laboratory; 3. 
To the outfall of riv. Mkvari  down to the Zoo.  

 At the first stage, the analyze of the chemical elements obtained in the observance period showed that 
their motion is asynchronous against the river discharges. For example: during low water level (21.11. 1990 
Q=0.31m3/s.) there are high values of Cl-,Ca2+  Mg2+ concentrations (1,68; 1,0; 0,36) , and during high 
waters in Spring ( 31.04.1991, Q=4,07) is low (0,55; 0,55; 0,12), which is the sign that during high water 
level, the river has the self-cleaning ability.  

According to macro-element content the samples do not differ either according to seasons or to areas, 
they are moderately mineralized (appr. 0,9 g/l) sulphate-calcium waters of the second group, are 
characterized with high hardness (11-12 mg/eq.), the samples taken down to the Zoo have comparatively low 
mineralization (appr. 0,6g/l), like mineralization, the hardness is comparatively lower in the samples taken to 
the Zoo (appr. 9mg/eq.). 

The comparison of the analyzes made in 1990-1992 showed that the solid residue (accordingly 
mineralization) in 1990 was relatively high (0.9-1 g/l). In 1992 it started reduction and in May, 1992 reached 
the minimum value (0,034 g/l), which might be explained by the reason that since 1991, the enterprises 
located near to the basin of riv. Vere, especially the carpet
impact of which the river has different colour from time to time, did not function any more due to the 
instable state in the country and the water mineralization was lower than in 1990. Since 2000s, after starting 
the functioning of enterprises, as well as in the result of the construction works being in process in 2-3 km 
above High building of the university and disposing construction and household wastes at the river slopes 
from the different places of the city, mineralization increased and exceeded even the data of 1990 in the 
samples taken in 2008. The relatively high concentration of calcium ions in the top first section (8.0 mg/eq) 
with its high content in soil and in the middle, laboratory section (8.2 mg/eq) should be noted, which might 
be explained by flowing down the treated waters from the marble sawmill of Saburtalo cemetery located in 
2km above the laboratory in the river, further, in the lower section it is sharply reduced (6,40 mg/eq) due to 
the self-cleaning property of the river water.  

 Except for macro-elements, in the samples of 2008 (13.11.08; Q=1,1m3/s), biogenic substances 
(nitrites, nitrates, ammonium), ferrum, phosphates and some microelements, in particular copper and zinc, 
have been identified. Copper content varies from top to bottom accordingly within 14,5-7, 0mkg/l, i.e. to the 
bottom it is reduced due to the self-cleaning property of the river, zinc is increased within 20-28mkg/l, 
ferrum Fe3 is reduced from 0,50to 0,15mg/l. According to our data, NO3

- nitrate is quite high in the top first 
section (6,60 mg/l). Under the impact of the above mentioned anthropogenic factors, afterwards it is quite 
reduced due to the self-cleaning property of the river (1,90mg/l), and downwards, basically by the impact of 
the Zoo, it is quite increased (8,80mg/l). It should be noted that, no of the biogenic substances identified by 
us exceeded the threshold limit value.  

As for organoleptic properties, everything was within the norm excluding the samples taken down to 
Napetvrebi on 13.11. 08 having a heavy odour of hydrogen sulphide i.e. it contains S2- ion. 

In comparison with the analyzes made previously according to the macro-element content, in the 
samples taken in 2017 some changes might be observed, in particular, the concentration of calcium ions is 
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reduced (from 0,180-0,160 g/l to 0,068 g/l), furthermore, present (2017) waters are less fresh ones (was 11,6-
9,0mg/eq, now within 3,0-4,0mg/eq).  

Accordingly, the salty content formula of the waters as well as water group, class and type have been 
changed,  was SCa

//, now - S//
Na.. 

In one sample (2017, down to Napetvrebi ravine), nitrates - NO-
2- 0,50mg/l and NO-

3- 3.90 mg/l are 
found where no ammonium ion is presented which indicates that the water was polluted previously and self-
cleaning process was in course in the water. As for the sample taken in another area (2017, to the outfall of 
riv. Mtkvari  down to the Zoo), here, in contrary, ammonium ion is presented - NH+

4 - 3.50 mg/l and no 
nitrates and nitrites are observed, this shows that the pollution of the water with organic substances occurred 
recently. The ammonium content in this water is higher than threshold limit value (T L V - 2mg/l). 
Accordingly, the degree of oxidation 3,44 ,mg/O2/l is relatively increased in this water in comparison with 
others but it does not exceed TLV which equals to 4 mg/O2/l , furthermore, this water had a heavy odour of 
hydrogen sulphide (H2S).  

It should be noted that before the heavy, catastrophic flooding of 13-14 June, 2015 resulting in loss of 
human life (21 dead persons, two missing persons) and in huge damage to the population of c. Tbilisi, there 
was huge impact of anthropogenic factors those resulting in the sharp changes in the chemical content of the 
river water in the river basin, the heavy flooding of 2009 (Qmax=133m3/s), might be cited as an example , 
which broke the sewage pipe of Tskneti-Bagebi (1200 cm) in the beginning of Vake-Saburtalo pass way 
which was totally flown down in the river till 2013 (the laboratory was giving the monthly report), the 
similar cases occurred in otter sections of the river as well. After the mentioned catastrophic flooding 
Qmax=511m3 er 
(250dogs. 10 bears), which was sharply positively reflected on the further chemical content of the river, for 
example on the analyze taken by us at the river on 31.03. 2017, except for the abovementioned impact of the 
Zoo, where the content of biogenic substances is increased. For this reason, the central catchment of faeces 
flown down into the river with cleaning equipment should be arranged at the territory of the Zoo.  

 
CONCLUSION 

 
In the result of the study held by us, we might conclude that river Vere is not technogenically polluted 
excluding some exceptions  in particular, down to the Zoo, in a tunnel where the impact of the Zoo is 
observed and in the result the content of the biogenic substances (ammonium and nitrite ions) is increased. 
The rest components (hardness, pH, sulphates, chlorides, and oxidation) are within the norm. Hence that 
river Vere crosses c. Tbilisi at quite large place and taking into consideration the conclusions of the 
abovementioned analyzes, the annual monitoring over river Vere should be established.  
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Annotation. The article deals with the information about biological productivity of barley 
agrophytocenosis under the condition of Salyan plain from soil formation energetic standpoint, compiling of 
the agrocenosis energetic balance, establishment of multinominal and separate nominal correlation 
dependence between the productivity and radiation balance and soil humidity. 
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Irrigation 

CRITERIA FOR SOLAR RADIATION AND DEPENDENCE FACTORS DURING 
VEGETATION PERIOD FOR PROGRAMMING CORN CROP 

 

O. Kharaishvili1, N. Mebonia1, M. Shavlakadze2  
 

1  Georgian Technical University, 
77 Kostava Street, 0175,  Tbilisi, Georgia 
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Annotation. As a result of the long-term supervision on Mukhrani meteorological station we had 

established parity between total solar radiation and the growing sums of active temperatures by results of 
researches, the parameters of solar radiation during the vegetative period fluctuate in the following limits: the 
sum of active temperatures 3245-37310 C, on the average 3731C. Radiation balance 46472-102651C 
kcal/sm2, photosynthetic active radiation of the sun of 40200-46091 kcal/sm2, on the average within the 
limits of 66286 kcal/sm2. 

These parameters quite provide the reception of a potentially possible top yield not only of corn, but 
also of other agricultural crops. It is necessary to note, that in some years April appeared in sufficient warm, 
but the high temperature mode of October has provided power balance during the vegetative period. 

Key words: climatic factors, solar radiation, radiation balance, corn. 
 

 Climatic factors  solar radiation, radiation balance, solar photosynthesis active radiation (phAR), air 
temperature, sun of active temperatures, atmospheric precipitation provide reception of a potentially possible 
top yield not only for corn but also for other agricultural crops in Mukhrani District. 

ltural crop productivity is closely connected with the effective 
application of climatic factors, which in its part, requires reliable definition of its relevant complex (indices) 
indicators. Among climatic factors especially significant are: Solar radiation, radioactive balance, active 
radiation of the solar photosynthesis (phAR). Air temperature, the sum of active temperatures, atmospheric 
precipitation and so on [1,2]. 

It is also well know, that calculation of solar radiation and radiation balance is based on the 
meteorological observation data, obtained through measuring direct and dispersed radiation. 

Direct and dispersed radiation belongs to the short wave part of the spectre. Common sum of the solar 
radiation input consist of direct and dispersed radiation [3]. 

There is certain parity for the ray energy input and outlet on the earth surface for any moment if time. 
According to our analysis difference of the energy or radiation balance can be expressed as the following: 

                                                         (1) 

Where  and  are respectively direct and dispersion radiation   reflected radiation;  and 

 respectively atmospheric and earth long wave radiation.  

According to the parity of inlet and outlet radiation, radiation balance can be positive or negative. 
We have determined the dependence between the sum of Solar radiation and increasing sum of active 

temperature in Mukhrani Meteorological station through many years observation: 
                                                                  (2) 
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Link with the increasing sum of radiation balance and summed radiation is shown with analogue 
dependence,  

                                                             (3) 

where a, b, c, d are empirical coefficients. 
Reconsiling second and third equation we get: 

                                                                  (4) 

-known from reference sources that phAR is 43% of direct radiation and 75% of dispersed 
radiation or approximately 50% of the total radiation.  

Taking into consideration this, we can write:  

                                                              (5) 

We can also give phAr as the function of radiation balance.  
 

                                                      (6) 

According to the carried out research phAR during vegetation period indices of Solar radiation 
fluctuates in the following ranges: sum of active temperatures 25 00C, on average 350C.  

 
Tab. 1. Multi annual average data during vegetation period for the evaluation of Solar radiation and 

its depending factors on programming corn productively 
 

##  
Indices/Months IV V VI VII VIII IX X 

1 2 3 4 5 6 7 8 

1 Sum of active temperatures 
 

374,4 508,8 588,9 689,0 659,3 530,1 368,6 

2 Sum of radiation R 6856,8 11962,8 12904,7 131778,7 12224,5 9216,4 5472,7 
3 Sum of phAR 6040,6 7156,2 28119,8 8463,9 7213,1 5399,6 3893,1 
4 Increasing sum of active 

temperatures.  
374,4 883,2 1472,1 2161,1 2820,4 3350,5 3713,0 

5 Increasing sum of radiation 
balance.  

6856,8 18819,3 31724,0 44902,0 57126,5 66342,9 71815,6 

6 phAr increasing sum. 6040,6 13196,8 41316,6 49760,5 56993,6 62393,2 66286,3 
 

These indices completely provide not only corn to yield but also of other agricultural crops in the 
district. It is necessary to note, that sometimes April is not sufficiently warm, but the high temperature mode 
of Octomber provides power balance during the vegetation period. 
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FIELD RESEARCHES FOR INTENSITY OF EROSIV PROCESSES OF SOIL AT 
VULNERABLE SLOPE OF GLDANISKHEVI RIVER VALLEY AND FOR 
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Annotation. In the article are presented    field researches implemented carried out at the investigated 

integrated polygon, as a result of which  ascertained that at the controlled section active erosive processes 
take place, that negatively reflect as at the very slope, so at the ecological state of Gldaniskhevi River 
catchment basin. 

Researches carried out at the experienced sections of investigated integrated polygon show that geo 
Luffaeromat at

of masses sediment runoff washed out at the correspondent investigated sections as well as plants growth 
dynamic at the geo mats. 

Key words: erosion, investigated integrated polygon, geo mat. 
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Hydraulic engineering and irrigation 

APPROACH TO IRRIGATION ADDAPTATION UNDER  
CLIMATE CHANGES IN RUSSIA 
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E-mail: lwkireycheva@mail.ru, ivglazunova@mail.ru 

 
Annotation. 

. According to forecasts of The Main Geophysical 

the XXI century (http://rosnauka.ru/publication/844). In the case of aggressive anthropogenic scenario (RCP 
8.5) the average-temperature in all parts of our country will be increased by 5-
affects agriculture and it is one of the most serious risks to the prosperity of the country. Temperature growth 
will result in increased areas of agricultural land, and drought and consequent reduced yields of some crops. 
The increasing frequency of extreme weather events leads to lower yields and decreases agricultural sector in 
GDP. 

To ensure the adaptation of agriculture and reclamation under changing climatic conditions water 
availability for irrigation plays a significant role. Irrigation was developed in the South of the European part 
of Russia with the aim of providing the population with rice, vegetables, cereals and fodder crops. However, 
since the early 90-s the reduction of irrigated area was caused by the processes of the national economy 
restructuring. According to the Ministry of Agriculture, the irrigated area has decreased by 32%. This was 
caused by the deterioration of the technical condition of irrigation systems and land reform. Only large 
irrigation facilities and systems belong to the Federal account balance, while on-farm network passed to the 
subjects of the Russian Federation and some farms that were not ready to use reclaimed lands as well as to 
operate the drainage network efficiently. 

In productive years more than 20% of all agricultural commodities of Russia are produced in the 
Southern Federal district (SFD), a major part of the irrigated lands being located there too. Water 
consumption in agriculture is stable and ranges from 30 to 55% of total water consumption in the country 
over the last 15 years, which should be considered when evaluating water availability and water pollution 
caused by drainage flow and runoff from irrigated agricultural lands. Therefore it is important to estimate the 
impact of the global warming and especially the adaptation of agriculture and irrigation under changing 
climatic conditions in this region. This requires valid prediction of changes in water availability of the 
territory on the basis of existing models of soil  climatic zoning and the possibility of crop productivity 
control for major crops. 

Key words: global climate change scenarios, humid, arid, precipitation evaporation ratio, productivity, 
irrigation, drainage. 
 

INTRODUCTION 
 

Agricultural production obtained in the irrigated land which occupies 17% of the arable land provides 
with food almost half of the world population. In the late 80s 15-17% of the gross output of crop production 
was obtained within the reclaimed land, which comprised 7, 9% of the arable land In the Russian Federation. 
Most of the agricultural land of the Russian Federation is located in the area of risky agriculture - about 80% 
of arable lands are located in the zone of insufficient moisture, and more than 10% are in the zone of 
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excessive moisture. In dry years it is almost impossible to realize the potential of high-yielding crop 
varieties, intensive agricultural technologies and adaptive-landscape systems of agriculture without carrying 
out hydr-otechnical reclamation. The situation is dramatized by the frequent natural disasters in the form of 
droughts and extreme temperatures that have been observed in the recent years. Global warming is the most 
obvious in the territories between 40-70 degrees of the northern latitude (Ivanov, 2003; Kiselev, 2011). 

IPCC, 2007). 
Global processes are accompanied by the changes in precipitation, which may cause deteriorated moisture 
mode in the soil and more frequent droughts in Russia (Ivanov 2003).  

According to the observation data of the Russian meteorological stations, average annual air 

(it is significantly higher than the world average). According to the forecasts if the growth of the temperature 
remains the same the climate of Russia will become warmer by nearly 2 degrees by the middle of this 
century. There is an increase in the number of days with abnormally high rainfall (> 10 mm) in winter, and 
on the contrary their reduction in summer in most parts of the North Caucasus and southern Federal districts 
in Russia. The number of days without precipitation in winter is increasing in most parts of the country 
(Natural Resources of Russia, 2014).  

While, the growth of the average annual temperature is common to all regions of Russia, climate 
change is uneven for different regions and seasons due to the large territory and the diversity of the natural 
conditions. Average mean annual air temperatures in Russia are shown in the figure 1.  

 
 Figure 1. Averaged anomalies of mean annual air temperature in Russia 

(http://rnns.ru/176117-anomalnoe-leto-2010 beda-tolko-nachinaetsya.html) 
 

The change in the average annual surface air temperature in Russia is shown on the chart. The thin line 
shows the results of observations, the thick line - a gradual course of the air temperature. There are 
considerable inter-annual fluctuations in average temperature against the background of a steady rise in 
temperature over the past 35 years.  

Forecast of the climate changes in Russia [A1FI scenario (HadCM3 model], proposes fast increase of 
CO2 in the atmosphere. The duration of the vegetation will be prolonged by 26 days; some climatic 
parameters will be increased: precipitation - by 26 mm, evaporation - by 40 mm, evapotranspiration - by 141 
mm. Regional climate scenario on the Main Geophysical Observatory in St. Petersburg describes the 
possible climate changes according to the humid scenario (model MRK GGO). The difference in the air 
temperature increase in January is 0.40 oC for the compared scenarios, whereas the increase in the July 
temperatures is 5.1 - for the arid scenario and it is 1.30oC - in the case of the humid scenario.  

Climate change has a direct effect on the agriculture. The increasing frequency of the extreme weather 
events leads to the lower yields and the weaken role of agricultural sector in GDP. In 2010 during the 
unprecedented drought a decrease in production led to the slowdown in the development of the rural 
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economy in Russia. A total 895 areas in 43 regions in Russia suffered. Crops were damaged over more than 
13, 3 million hectares (Mha), which are 29 % of the area of crops in these regions. Production of grain fell by 
35 %; the country lost almost 15 M tons of grain, fodder - 36 M tons of feed units (hereinafter - t. f. u.), 1.9 
M tons of vegetables. At the same time, fodder crops productivity under irrigation has decreased by 12 % 
only. 

Irrigation and drainage projects play an important role in providing planned crop yield. Nowadays 
reclamation and water economy of Russia is presented as: 9.1 Mha of reclaimed land, including 4.3 Mha of 
the irrigated and 4.8 Mha of drained land. Reclaimed land occupies only 5% of the total arable land; they 
produced 70% of vegetables, more than 20% of coarse and succulent fodder, all rice, a significant amount of 
other plant products. The distribution of the reclaimed lands in the administrative districts of the Russian 
Federation is shown in the Figure 2. 
 

 
 

Figure 2. The distribution of the reclaimed land in the territory of the Russian 
Federation [5] (  - Far Eastern Federal district;  - Siberian 
Federal district ;  - Ural Federal district ;  - Southern Federal 
district;   Volga Federal district;  - North-Western Federal 
district;   North Caucasus Federal district;  - Central Federal 
district) 

 
The objective of the study is to estimate the probable climate changes, their impact on crop 

productivity, agricultural sector adaptation to the climate changes and the role of reclamation in the ensuring 
of food security in the changing climatic conditions. 

Figure 3 shows a diagram of grain yields from 2000 to 2012 in Russia as compared to other countries 
in the world. 
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Figure 3. Yield of grain crops in Russia in comparison with other countries of the world 

[Department of Amelioration, 2013, Russian Academy of Agric. Sciences, 2014.] 
 

The diagram shows that the yield of grain crops in Russia is lower than in many countries in 1.5-2 
times in average. Climatic changes may deteriorate the existing status. 
 

METHODS 

Mathematical models and approaches on the accounting of the climatic factors when estimating 
requirements in land reclamation development 

 
The technology has been proposed to estimate possible climate changes and the probability of the 

requirements in the development of land reclamation. Figure 4 shows the block diagram of the used models, 
which allows carrying out the above estimations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4. Block diagram of the applied models on accounting climatic parameters  
to estimate the necessity of the land reclamation development [8,11] 

Unit 1. Scenarios of the climatic-changes 

M d l f li h

Unit 4. Model of agricultural plants 
requirements to environment on the soil 
moisture and the temperature according to the 

Unit 3. Model on the changes of 
the environmental parameters 

Model on the agro-climatic zoning 
and prediction (Panko V. A.). The 
calculations of the precipitation-
evaporation ratio on the base of 

Unit 6. Estimation of the water availability for 
development of irrigation on the basis of the water- 
economic balances as a part of the schemes on 

d

Unit 2. The initial data for the 
estimation of the agro-climatic 
resources under climate 
change for the various natural 

Unit 5. Model on the water mode in the soil and 
plant productivity (Golovanov A. I.)
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Calculation of the productivity of agricultural crops depending on the soil moisture to according the 
phases of plants development 

 
At the first stage the change in the productivity of agricultural crops depending on the soil moisture 

according to the phases of plant development on the model of Shabanov V. V. is calculated. [11]  
n

i
WiW i

kUU
1

max ,   (1) 

where: UW  crop productivity at the given soil moisture; Umax  maximum possible crop productivity at 
the optimum moisture content in the root zone; - contribution of the ten-day period into crop productivity 
(depends on the stage of crop growth); n  the number of the ten-day periods in the vegetation period; - 
coefficient, determining productivity reduction due to soil moisture deviation from the optimum moisture 
content in the given ten-day period i: 
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Wi  mean soil moisture in the root-inhabited zone for the given ten-day period ; Wopti
 - optimum moisture 

content in the root zone; m  soil moisture which is appropriate to the total moisture capacity; WZ - wilting 
point;  - coefficient , taking into account crop reaction to the soil moisture deviation from the optimum. 

The requirement in the different types of land reclamation is defined using the bio-climatic technique 
based on the comparison the need of agricultural plants for soil moisture over the phases of development of 
plants in the estimated years for the different scenarios of climate change. 
 

Techniques on the estimation if the precipitation-evaporation ratio 
 

The second step is estimation of the moisture ratio (K ), which is one of the main criteria affecting the 
productivity of agricultural land. The areas of land reclamation under climate change are defined using this 
ratio. Precipitation-evaporation ratio is the ratio between the amounts of precipitation falling in a given area 
which is divided by evaporation or air temperature, which determines evaporation. [8] 
 
 

= / * ,                                 (3) 
 
where   sum of the precipitation for the period of crops vegetation mm;   sum of the average daily 
temperatures (above 0  );  - empirically determined coefficient 0,177 using to convert heat energy into 
evaporativity (degrees of temperature into mm of evaporativity).  
Precipitation-evaporation ratio is calculated in relation to the climatic optimum which corresponds to the 
maximum productivity of the grass-forb crops in chernozem soils, or to the relative optimum in agriculture, 
corresponding to the maximum productivity of agrocoenosis. 

Productivity of the zonal soils and crop yields, expressed in the grain equivalent (t. g.u/ha) are 
calculated at the nest step by the formula (Ponko, 2012): 
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     (4) 
 
where Kt  heat provision factor weighted with the factor of the photosynthetic active radiation Kfar; Kh  
humidity factor relatively to the natural optimum, which corresponds to the maximum natural soil 
productivity at Kh =1,0; cons
or (1,0166) (Ponko, 2012). 

The change in the precipitation-evaporation ratio according to the scenarios of the climate change for 
the southern part of Russia calculated by different techniques as well as production potentials of crops are 
given in table 2.  
 

Table 2. The estimated and forecast values of the precipitation-evaporation ratio for 
the South of Russia 

 
Estimation techniques Without climate 

changes 
Humid scenario of 

the climatic 
change 

Scenario 
of 

climatic 
change 

Technique 1 ( Ponko V.A., 2012) 
 0,6-0,8 0,73-0,97 0,52-0,7 

V, t.g.u. /ha 3,6 3,63 2,03 
Technique 2 ( Ivanov A.L., 2003) 

 0,6 0,62 0,42 
V, t.g.u. /ha 3,2 3,6 1,99 
The required value of the precipitation-
evaporation ratio 

1,4-1,5 

The required production potential, t.g.u. 
/ha 

6,2 

Actual mean productivity of cereals 
2006  2014 

2,15 

 
 
Note: V production potential, K   precipitation-evaporation ratio, t.g.u. /ha (tons of grain units per 

hectare). 
As can be seen from the table 4, forecast values of precipitation-evaporation ratio and the productivity 

of cereals, which were calculated by the model of Ponko V. A, and by the formula of Ivanov A. L., are 
decreased in the arid scenarios of climate change. In arid scenarios of climate change the precipitation-
evaporation ratio is reduced by 12-36%, while the productivity of grain is reduced up to 37% compared to 
the current level. 
 

RESULTS 
 

Productivity of crops and probability of the necessity of the land reclamation development 
 

Calculations of productivity of agricultural crops were carried out for two scenarios of climate 
change according to the phases of plant development. To estimate the necessity for land reclamation the 
corresponding values of soil moisture were shown on the integral curves of the normal distribution of soil 
moisture, both actual and projected for the arid and the humid scenarios of climate change. The calculations 
were fulfilled for the Southern part of Russia. 
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Arid scenario 
 

The results obtained on the estimation of the probability of reclamation development in the case of 
arid climate change scenario are shown in table 3. 
 
 
Table 3. The probability of the optimal conditions and the need for reclamation for 

the current conditions (P1) and the arid scenario (P2) according to the 
phases of plant growth and in average for the vegetation period 

 
Phases of the plant growth 1 2 3 In average  
Optimal 1

opt 22 57 32 37 
2
opt 11 47 39 32 

Irrigation 1 78 28 0 35 
2 89 46 8 48 

Drainage 1 0 15 68 28 
2 0 7 53 20 

 
When estimating the probability of the optimal conditions and the reclamation the probability of the 

optimal conditions is reduced (up to 11 %), the probability of irrigation development is increased (up to 18 
%), however, the probability of drainage is reduced (up to 15 %). This may change the water-economic 
balance, because the frequency of irrigation, and therefore volumes of the water withdrawals will be 
increased. 
 

Humid scenario 
 

To estimate humid scenario of the climate change actual data which correspond to the expected K  in 
the Central part (Station Kaluga) 0.87 were taken. Appropriate statistical analysis of the meteorological 
parameters (precipitation, air temperature, air humidity deficit) and evaporation for 47-year period (1966-
2012.) were done. (Poddubskii, 2015). 
 

 
Figure 5. The Integral curve of probability change of the reclamation requirement in 

the cultivation of grain crops in the humid scenarios of climate change 
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At minimum optimal level of productive moisture in the soil probability of irrigation is 16%, while the 
maximum values in the optimal range of greater than 89 mm drainage probability is 23%. Irrigation 
probability for spring wheat is up to 16...22%. In average at the cultivation of spring wheat the probability of 
irrigation is 19...22%, and drainage is 6-10% according to the humid scenario of the climatic changes. 
 

Substantiation of the required levels of moisture for different zonal-provincial soils of the Southern 
part of the Russian Federation 

 
Having calculated the probability of the irrigation development in the arid scenarios of the climate 

change and the decrease in grain crops productivity depending on the precipitation-evaporation ratio the 
required soil moisture for the different zonal-provincial soils in the Southern part of the Russian Federation 
was estimated (Fig.6).  

 
 

Figure. 5. The required values of precipitation-evaporation ratio in the zonal soils of the 
 humid scenario , Kh 

req - required values 
 

In the case of climate change in the Southern part of Russia according to the arid scenario, it will be 
necessary to increase the area of irrigated land up to 213940 hectares, which is by 18% more than the 
existing area  180924 hectares. 
 

 
RESULTS AND DISCUSSION 

 
To ensure food security of Russia in conditions of climate change under different scenarios the 

development of land reclamation is required. The Government' Program on land reclamation is aimed at 
solving the issues of creation adaptive conditions in the agricultural fields through integrated land 
reclamation to provide efficient and sustainable use of agricultural lands and natural resources regardless of 
climate change and anomalies. 
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Water management 

THE MAIN DIRECTIONS OF THE WATER SUPPLY IMPROVEMENT 
FOR THE AGRO INDUSTRIAL COMPLEX 
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Annotation. The basic effects of climate change on agricultural water supply in some regions of the 

country are considered. The possible ways of water supply improvement and rational use of water resources 
are suggested. 

Key words: water resources; agriculture; global climate change, irrigation, potable water supply. 
 

Water resources are very important for planning and development of the regions as well as solving 
social and environmental problems. 

According to the forecasts, global climate change will lead to aridity in the south of the European part 
of Russia and in the Western Siberia. 

 One of the main issues is to provide the security of the population and regional economies, including 
agricultural production, water quality and the volumes of water supply.  

 The computer simulations, having been considered in the framework of the fifth assessment report of 
the intergovernmental panel on climate change with the participation of Russia (IPCC), showed that the 
average global temperature will be increased under all scenarios of radiation exposure in the 21st century. 

Russia is the world region where the climate warming will greatly exceed the average global rates in 
the 21st century [1].  

Changes are expected in the all components of climate: radiation, temperature, hydrological modes, 
etc.  

According to the forecasts, during the 21st century a steady tendency to the increase in precipitation 
both in winter and in summer is expected, however the forecast precipitation decrease can reach up to 25% 
in the southern regions of Russia by the end of the century.  

The forecast climate changes have already confirmed by the long-term field studies [2].  
The underground feeding of the rivers and the increased river flow are detected in the European part of 

Russia (EPR) in winter, as well as the trend of increasing aridity in the south. 
It is required to note significant changes in the river flow of the Don: its discharge was by 40% lower 

in 2012 than it was in 2008 [3]. 
Nowadays, according to expert estimates, the water resources of the most rivers of the European part 

of the country  the Don, the Kuban, the Samur, the Volga, the Ural, etc.  are almost completely exhausted, 
while the river flow of the Sulak, the Terek, the Irtysh (in the Asian part) are used by three quarters or more. 
About 6.3 million people live in the areas with local water shortages.  

The increasing water supply of the territories, including agricultural purposes, and the regional 
climatic changes are the reasons for the specific measures development.  

A positive role in situation stabilization belongs to the reservoirs with seasonal or multi-year 
regulation of the river-flow, which accumulate a significant portion of the river flow of the major rivers in 
the country.  
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However, the long lifetime of the most of them has led to their significant sedimentation, reduction in 
the capacity, loss of the efficiency [4].  

At the same time, in the last three decades, the annual inflow to the reservoirs of the Volga-Kama 
cascade was increased by 8-26% in summer, and by 70-120% - in winter due to the increased precipitation in 
the Volga basin.  

To ensure rational use of the water resources the restoration projects of the capacity and the revision of 
the principles of water management of the reservoirs are required, where primary importance is to be given 
to energy generation [5].  

In this case, favorable conditions can be created, especially to increase drinking water supply, water 
availability of the agricultural land, power engineering and shipping [6]. 

Environmental aspects of agricultural water supply are of great socio-economic importance. 
Issues on drinking water supply of normative quality for the rural population are acute in many 

regions now.  
According to the state monitoring of the water bodies 16% of the rural population use drinking water 

with mineralization from 1 to 5 g/l and hardness - from 7 to 15 meq/l or higher, and 19% - underground 
water which contains iron and manganese exceeding the maximum permissible concentration (mpc) without 
proper treatment in Russia in 2014. 16.4% of underground water and 36.8 % of surface drinking water 
sources did not meet sanitary-epidemiological standards [4]. 

The sustainable drinking water supply in agriculture should be based on the development of the 
centralized water supply and sanitation.  

Urgent provision of water purification systems and water treatment plants to supply the population 
with drinking water is required. 

 To use of water treatment in rural areas is determined not only by the possibility of anthropogenic 
pollution of surface water, but also by the extensive development of the territory in the zones of the 
anomalous chemical composition of groundwater due to the chemical composition of water bearing rocks 
and ion exchange processes in the system "water-rocks".  

A number of major administrative regions of Russia, including Novgorod, Yaroslavl, Astrakhan, 
Volgograd, Kurgan, Omsk, Tyumen district, a large part of the Rostov district, Stavropol region, the 
Republic of Adygea, etc. are not provided with conditioned fresh groundwater in sufficient volumes for these 
reasons. [4]. 

 In many regions, however, groundwater must be an additional source of water supply [5,6].  
However, at present, the degree of the groundwater resources use remains low - about 15% in the 

country as an average.  
To stabilize the situation it is necessary to conduct works on groundwater prospecting and exploration 

development in the new areas, which of course is associated with certain, but necessary economic costs.  
In connection with the strengthening of water shortages in the southern regions a rational 

redistribution of the river flow is required to ensure, first of all, drinking water supply.  
The total amount of existing and proposed water transfers in the world is about 595 billion m3/year for 

35 countries.  
The background for the redistribution of the part of the river flow is necessary to overcome the 

shortage of water resources of the adequate quality, to improve social conditions, to increase employment of 
population in the Rostov, Astrakhan, in Volgograd district, in the Republic of Kalmykia, in the Republic of 
Crimea and in many other regions of the Russian Federation. [7].  

The detailed scientific and technological study of the issue may determine the necessity and sufficient 
conditions as well as environmental constraints to justify the redistribution of the river flow taking into 
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account that the guaranteed provision of population with quality drinking water is one of the priority public 
policy. 

Climate change in Russia he have already had different effects on the agricultural production in 
different regions in the period from 1976 to 2012. 

 Favorable factors caused by climate warming, are increase in the heat provision of the agricultural 
crops, increase in the average temperature during the cold period of the year. Global relative rate of 
photosynthesis has increased by 5-10% as the result of O2 increase in the atmosphere.  

The duration of the growing season has been increased; the primary productivity of the plants being 
increased at a rate of 1.17% per year in Northern Eurasia in the 1982-2000[1]. 

The efficiency of water use in agriculture is of particular importance. 
Unfortunately, as a result long-term inefficient water use due to large seepage losses from canals, high 

irrigation rates and on-field infiltration losses, etc. more than 70% of irrigated land is under unsatisfactory 
condition now. [6]. 

According to estimates of the further warming the present moisture and level of soil fertility should 
lead to increased bioclimatic potential and productivity of grain crops in Russia by the middle of 21st 
century.  

To maximize the use of bioclimatic potential, the necessary adaptation of agriculture to the new 
conditions, and accordingly, changes in the principles of water use in agriculture are required.  

Warming leads to the need for an increase in the agricultural areas in the Central and the North-
Western part of European Russia, which will require rational water supply, irrigation of lands through the 
use of modern drainage and irrigation systems as well as improving techniques and technologies of irrigation 
with focus on water conservation.  

First of all one must restore the reclamation fund, improve farming systems and the structure of crop 
rotation in relation to the new climatic conditions, development of a system of measures to combat pests and 
plant diseases and other measures. 

Water conservation is one of the key directions in the water management in agriculture [8].  
More than half of irrigation systems (2.4 million hectares) need reconstruction and technical re-

equipment, taking into sustainable use of water resources [9]. The improvement of the irrigation and 
drainage systems, water supply and sanitation, increase in drainage water reuse and others are among the 
priority tasks. 

 Measures include upgrading the main production funds, including protection and rational use of water 
resources.  

The degree of depreciation of the main production funds in the water industry is practically unknown 
(no statistics), but it is estimated to be about 50%, depreciation of irrigation and drainage systems is up to 
70% [9]. 

For the development of the water probability in agriculture and other sectors of the economy in the 
coming economic and climatic conditions at the international level, it is necessary to determine forms of 
cooperation in the field of transboundary river basins water use, to synchronize the legal aspects of the water 
use, to ensure integrated management of water resources based on the existing experience. 

In general, to determine the principle directions of water sector development in the country it is 
necessary to consider the development of the General schemes of integrated use and protection of waters of 
the Russian Federation on the basis of basin schemes (SIWRM). 

In the short term period some of the above mentioned issues are to be settled in the implementation 
process of relevant policies and targeted programs [9, 10].  
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Successful implementation of water management measures is determined by the scientific and 
practical validity of decisions, which involve the necessary scientific research of the appropriate level, 
raising the issue of actually required funding for scientific research works. 

Thus, among the directions of water sector development and measures to improve water availability in 
APK the following objects are considered: 

-adjustment of the principles of water use in agriculture in relation to adaptation to climate change in 
the regions; 

- revision of the principles of water management for the reservoirs with a priority of drinking water 
supply and agricultural water supply;  

- strengthening measures to ensure agricultural water supply, water treatment to provide drinking 
water supply to the population regardless of the water quality in the water source, the development of the 
centralized water supply and sanitation; 

- strengthening the role of water conservation and efficient water use in agriculture due to the 
upgrading of drainage, water supply and sanitation systems, increase in drainage flow reuse etc.; 

-consideration of alternative water sources in regions with water scarcity, including desalination of sea 
and underground saline water, the rational redistribution of the river flow; 

- the revival of the General schemes of the integrated use and protection of waters in the Russian 
Federation; 

- identify forms of cooperation in the field of transboundary river basins, to synchronize the legal 
aspects of water use, to ensure integrated water resources management, based on the expertise 

It is not possible to plan the increase in the efficiency of agriculture, as well as high production of the 
main crops regardless of natural conditions without the above and other important measures application. 
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Environmental protection 
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Annotation. The expected risks of mud flow impact on constructions confirm that there are both a loss 
of flow stability and a change in its hydraulic regime. An excited zone and a wave against the current are 
created. 

For the case of a tied-up flow passage in a mudflow duct with rectangular cross section, theoretical 
formulas of the calculated parameters determining the breakthrough of the flow stability are derived. In 
addition, their changes, graphic illustrations in connection with the rheological characteristics are given. The 
distance between the counter-mudflow barrages has been determined; Theoretical calculated dependences 
under the conditions of the appearance of a wave against the flow and downstream were derived. 

Key words: hydraulic regime, flow, mudflows.  
 

INTRODUCTION 
 

Under the influence of the tied-up mudflow on natural or artificial barriers, the change in its 
movement regime differs significantly from those having analogous parameters of sediment flows and water 
flows. 

Due to the great destructive force, it becomes necessary to transfer such flows into a calm flow 
regime, which is associated with the holding of reinforcing measures of quite significant areas against the 
deformation of the channels. Based on this, for the purpose of switching the flow mobility to a quiet regime, 
very often artificial solutions are used, in particular, to the construction of barrages. After this action, a jump 
or wave is created, where a significant loss of energy takes place and this process is directed to suppress 
excess energy of the stream. Based on this, the problem is also interesting from the point of view that those 
calculation parameters that have a special role in the correct arrangement of the counter-mudflow 
constructions in the planned scheme would be determined. 

In general, when assessing the impact of such flows on hydraulic engineering, the determining 
criterion is the average speed. Possible risks of stability loss as a result of changes in traffic are fully ignored. 

Based on the above, among the flows the tied-up mudflows are characterized by considerable 
transportability. In the case of an impact on the opposing barrier, it is very interesting what form the 
counterbalancing inclination in the head and tail water of the duct will take. When the balancing inclination 
is on the inclination of the free surface of the moving stream, there will be an overflow to the construction 
and vice versa. 

The abovementioned circumstance has a significant influence on the solution of problems in the 
planning of counter-mudflow measures. 
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THE MAIN PART 
 

The expected risks of mudflows and the peculiarity of the impact on various types of objects are 
related to the defining characteristics of the possibilities of stopping their formation [1, 2, 3, 4, 5]. 

Depending on what objectives the protection from mudflows sets, in the process of issue resolving, a 
special place is given to the tasks: determining the magnitude of the propagation of the perturbed zone arises 
in the flow, formed by construction, which functions on the dynamic load; Determination of the inclination 
balancing of the flow free surface. 

Since each of the specific questions here depends on the type of mudflows, when their energy is 
attenuated, a special attention is given to the type of construction. 

Existing approaches prove that, when regulating mudflows by the engineering measures a loss of its 
stability due to flow on the construction takes place; the hydraulic regime of the flow changes. 

By uprising of a direct or inverse wave, the free surface of the stream takes a characteristic shape and 
it is known as a balancing inclination; i.e. under the influence of construction on the flow, a loss of stability 
of the flow and the wave formation takes place. 

Arises in the result of the counter-mudflow barrier with a rectangular section the impulse of the wave 
force on the basis of the equation of momentum can be expressed by the following dependence: 

 42
2

aa
aa

g
QVP                   (1) 

Force impulse with respect to the outer zone: 

 

2VcVP              (2) 

Where  is the volumetric weight of the mudflow (N/m2); Q - consumption of mudflow (m3/sec); V - 

flow motion velocity (m/sec);  - speed correction factor  ; 
a is a coefficient and depends on the rheological characteristics, when the equivalent depth 

corresponding to the tie-up factor is h0, the depth of the flow is equal to h and  is equal to the angle of 

internal friction hha /1 0  

By equalizing (1) and (2) equations, the wave velocity caused by the force  gets the form: 

 42
2
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In the wave form moving flow, when the continuous wave is ahead of the dynamic wave and a 
violation of the regime of constant advance takes place, the speed of the wave front cV caused by the force 

 will be 

 VCVc                    (4) 
By specifying the value of the wave velocity c in (4), we obtain: 

42
424
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A change of the mobility mode in any flow causes a continuous or stepwise change in the flow rate, 
depth and speed. The possibility of stopping the reverse wave appears when the following condition is 
satisfied: 

CV
aa
aaV

42
424

     (6) 

i.e. 
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42
22212

aa
aaVC     (7) 

Since the velocity of the mudflow 
hiKCV        (8) 

And the velocity of propagation of the tied-up mudflow 
ghKC        (9) 

Considering relations (8) and (9) in (7), we obtain: 

i
g

aa
aaC

42
22212

     (10) 
 
If we include the value of  and  to (10), in the case of water it coincides with the result 

of Academician O. Natishvili. 

i
gC 2        (11) 

Taking into account the value of the mudflow velocity coefficient, in (11) we have: 

2333,0

2

3

22212

42002686,0
aaa

aa
h
di     (12) 

For clarity, we give a graphical dependence  linking with the mudflow rheological 

characteristics for different values of . 

 
Fig. 1 dependence graph  
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The barrages, located in the mudflow channels, whose function is the complete or partial stop of the 
mudflow, dramatically change the flow regime; Following the next task to be solved in the practice of 
mudflow regulation - for example, complete stopping of the flow or overflow through the ridge, it is 
necessary both to estimate the length and motion of the wave propagation by the balancing inclination, and 
the definition of the reverse direction. Based on this parameter, for an approximate construction, it is 
possible to estimate both the number of constructions and the distance between the constructions. 

 
Fig. 2. Cross-section of the barrages location in the mudflow channel. 

 
1. Approximate construction; 2. Separation of the design construction from the approximate 

construction in the upper pool, when i01 <I. 3. Separation of the design construction from the approximate 
construction in the upper pool, when i02 >I. 

 Based on the above, on the basis of the construction location in the channel on the scheme (Fig. 1, 2), 
if we denote the propagation length of the wave in the direction opposite to the original motion by L1, then 
we get: 

       (13) 

Where i1 is a balancing inclination in the opposite direction from the approximate construction. H  
height of construction (m); I  angle of inclination to the mudflow channel. 

Considering (12) in (13) we get: 

3
223

2
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22002686,022212

222123
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h
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HL

  (14) 
When the overflow through the threshold of construction takes place, then the location of the building 

structure from the approximate construction along the flow stream will be: 

232
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2221222002686,0
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aaIaaa
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aaaL    (15) 
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The obtained results confirm that by a constant slope of the mudflow channel for mudflows with the 
same rheological characteristics (in the case of a decrease in the ratio of the stone inclusions diameter to the 
flow depth), the amount of the balancing inclination decreases. Following from here, the distance between 
the constructions increases; And in the case of rheological characteristics increasing, when the ratio of the 
stone inclusions to the mudflow height does not change, we observe the same picture of the change of the 
distance between the constructions. 
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Annotation. The paper presents European Union strategy and documents connected with increased 

energy efficiency and also polish requirements in thermal protection of buildings. The aim is to estimate 
predicted energetic and ecological effects of activities that adapt existing residential buildings to the 
requirements for the thermal protection of buildings in Poland. The energy demand for heating buildings at 
60-70 kWh (m2rok) has been adopted. The calculations show that as a result of this adjustment, the energy 
demand for heating in residential buildings may decrease by an average of around 67% compared to 2011. 
Such actions will reduce the overall emissions of air pollution from households by reducing the energy 
requirement for heating apartments from about 30% to about 67%, depending on the type of pollutant. 

Key words: energy consumption, energy efficiency; pollutants emissions to atmosphere; policy and 
strategies, buildings. 
 

INTRODUCTION 
 

The contemporary world is very dependent on various forms of energy. The exhaustive resources of 
conventional energy resources and the impact of energy production on the environment make energy 
effectiveness and energy savings should be given special attention and activities in the economy. 

Finding the greatest savings and energy efficiency opportunities should be in the sectors with the 
highest energy consumption. One of the largest consumers of energy is the building sector and associated 
buildings. The largest groups of buildings are residential buildings. Buildings account for an average of 
around 41% of total energy consumption in the European Union. This energy consumption also translates 
into the emission of hundreds of millions of tons of CO2 and other air pollutants. Due to the high share of 
total energy consumption, the building sector has significant potential to reduce the energy intensity of the 
building's operation, increase the share of RES and thus significantly reduce air pollutant emissions. 

Buildings existing in Poland, both residential and public are characterized by a great potential in terms 
of energy and ecological efficiency. The greatest possibility in the implementation of energy and ecological 
efficiency activities creates a saving of media consumption: heat, natural gas, coal fuel, electricity, water. 
One of the ways to increasing energy effectiveness of existing buildings and reduction of emissions are the 
thermal modernization activity, which adapts existing buildings to present and future energy requirements. 
Due to the co
become an alternative and important source of energy (Fig. 1). 
 



me-7 saerTaSoriso samecniero-teqnikuri konferencia wyalTa meurneobis, garemos 
dacvis, arqiteqturisa da mSeneblobis Tanamedrove problemebi  

25 27 agvisto, 2017 w. 

c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
114

1890 1920 1950 1980 2010 2040 2070 2100

Renewable energy sources

Saving and efficiency use of energy

Conventional energy sources

 
Fig. 1. Growing demand for energy and sources of its coverage over the years [1] 

 
1. ENERGY EFFICIENCY IN THE BUILDING SECTOR 

 
The energy efficiency is a ratio between an output of performance, service, goods or energy, and an 

input of energy. Presently the energy efficiency is a widely addressed issue in strategic documents 
determining the development direction of the European Union. The impulse for action in this direction was 
depletion of natural energy resources, increase in fuel prices, increased dependence on energy imports and 
high environmental pollution by combustion products contributing t

reducing primary energy consumption and decreasing energy imports. It helps to reduce greenhouse gas 
emissions in a cost-effective way and thereby to mitigate climate change. Shifting to a more energy-efficient 
economy should also accelerate the spread of innovative technological solutions and improve the 
competitiveness of industry in the Union, boosting economic growth and creating high quality jobs in several 
sectors related to energy efficiency. The priority role of energy efficiency in the European policy was 
emphasized in a document specifying a general EU development strategy up to the year 2020 - 
2020. A strategy 
is to increase the energy efficiency by 20%, to reduce greenhouse gas emissions by at least 20% compared to 
the 1990 levels and increase the share of renewable energy sources in our final energy consumption to 20%. 
Up to 2050 the European Union plans a reduction of CO2 emissions of up to 95%. In order to support the 
execution of the above-mentioned targets the Energy 2020 project has been launched [3]. A top priority of 
the project is to create a common energy market. One of the initiatives of the Europe 2020 Strategy is the 
flagship resource-efficient Europe adopted by the Commission on 26 January 2011. This identifies energy 
efficiency as a major element in ensuring the sustainability of the use of energy resources. 

The European Union has consistently implemented the objectives of climate and energy package, the 
priority of increasing the energy efficiency expressed in subsequent statement and directives of European 
Parliament [4-7]. One of the important directives on energy efficiency was the directive 2006/32/EC of the 
European Parliament and of the Council of 5 April 2006 on energy end-use efficiency and energy services 
[4]. The aim of this Directive was not only to continue to promote the supply side of energy services, but 
also to create stronger incentives for the demand side. Directive 2006/32/EC imposed on Member States the 
obligation to achieve an overall national indicative energy savings target of 9% for the ninth year of 
application of this Directive. In 2011 the European Commission confirmed that the Union is not on track to 

legal framework for energy efficiency with a new Directive pursuing the overall objective of the energy 
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energy efficiency improvements after 2020. Therefore, in 2012 it was prepared the Directive 2012/27/EU on 
energy efficiency [7]. Each Member State shall set an indicative national energy efficiency target, based on 
either primary or final energy consumption, primary or final energy savings, or energy intensity, establish a 
long-term strategy for mobilizing investment in the renovation of the national stock of residential and 
commercial buildings, both public and private, and set up an energy efficiency obligation scheme. The 
development of energy efficiency indicators adapting statistics to changing economy conditions and present 
needs is realized on the level of European Union and International Energy Agency. Joined actions of 
Eurostat and Member States aim to create the statistical indicators system to assess trends in the field of 
energy efficiency [8]. According to the Directive 2012/27/EU established a polish energy efficiency target 
for 2020, shown in Table 1. 

Table 1 
Energy efficiency target for 2020 [8] 

Energy efficiency target Energy consumption in 2020 
Reducing primary energy 

 consumption for 2010-2020 Final energy consumption Primary energy consumption 

Mtoe 
13.6 71.6 96.4 

 
The provisions of the directive impose on the member countries an obligation to elaborate national, 

long-term strategies supporting the various activities covering the specification of optimal ways for 
improving energy efficiency of buildings and specification of instruments mobilising these activities. 
Thermal protection of buildings in Poland is based on the provisions of the Polish Construction Law [9] and 
on the technical and construction conditions [10]. Issues relating to energy efficiency refers whereas the act 
of 15 April 2011 on energy efficiency [11] and to the energy performance the act of 29 August 2014 on 
energy performance of buildings [12]. Important documents defining energy efficiency policies in Poland are 
also Polish Energy Policy until 2030 and National Action Plans on energy efficiency. 
 

 
2. ENVIRONMENTAL PROTECTION 

 
Furthermore, the implementation of energy efficiency has a significant importance for the process of 

reducing the emissions to the atmosphere of pollutants from fuel combustion process. The energy efficiency 
pointed out in the European Directives constitutes also an important basis for reduction of greenhouse gas 

-protection requirements. 
Some have been satisfied by Poland to a greater extent than required, e.g. as regards greenhouse gases 
emissions. In 2014 Poland achieved a reduction of 34% in the emission of greenhouse gases, expressed as a 
carbon dioxide equivalent, in relation to the base year (1990), in particular, the emission of carbon dioxide 
dropped by 35%, methane by 46%, and nitrous oxide by 32 % [13]. The reduction in greenhouse gas 
emissions achieved by Poland has therefore considerably exceeded the level required under the Kyoto 
Protocol. The highest increase in greenhouse gas emissions in EU countries between the base year and 2014 
occurred in Spain (14%), Portugal (7%) and Ireland (5%). The biggest decreases in this period were recorded 
in Lithuania (62%), Romania (61%) and Bulgaria (57%). It has been estimated that the potential for reducing 
CO2 emissions in operation of buildings up to 2030 is 3,7 Gt. Percentage share in each region is shown in 
Figure 2. 
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Fig. 2. The potential for reducing CO2 emissions in operation of buildings up to 2030 [14] 

 
In 2014 there was a drop in emissions of sulphur dioxide by 53%, ammonia by 8%, nitrogen oxides, 

dusts by 14%, and carbon dioxide by 3% compared to 2000. During this period, total carbon monoxide 
increased by 2% non-methane volatile organic compounds by 3% [13]. The largest share of emission of dust, 
sulphur and coal dioxide in Poland was, among others local boiler houses and fireplaces. In the last decade 
Poland has made huge progress in environmental protection, reducing the dependence of economic growth 
on a number of environmental pressure factors. However, further limitations on resource exploitation and on 
the amounts of substances and energy emitted into the environment, still pose a challenge to implementing 
the principles of sustainable economic development and to strengthening efficiency oriented trends. 

Starting from 2021, all newly constructed buildings will be required to have very low energy 
consumption, covered mainly by the renewable energy resources. Therefore, it is necessary to promote and 
implement environmental friendly technologies based on the renewable energy resources and to increase the 
applicati

on promotion of energy from renewable sources [5]. This document included forecasts achievements by 
Poland in 2020 year 15% share of energy from renewable sources in gross final energy consumption. Poland 
is one of the biggest primary energy producers in the European Union (8.9% in 2012) [15]. Relation of 
renewable energy to total energy consumption has been growing both in Poland and in the European Union 
during recent years. Share of renewable energy in gross final energy consumption is shown in Figure 3. 
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Fig. 3. Share of renewable energy in gross final energy consumption [16] 
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In Poland production of energy from biomass and wind has been increasing, while use of water and 

geothermal energy has stabilized [17]. Structure of energy production from selected renewable sources is 
shown in the Figure 4. 
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Fig. 4. Structure of energy production from selected renewable sources [17] 
 

 
 

3. RATIONALIZATION OF ENERGY CONSUMPTION IN BUILDINGS 
 

Issues concerning the rationalisation of power consumption constitute nowadays one of the main 
trends in planning, construction and exploitation of buildings. Factors which influence the structure and 
dynamics of heat consumption for a building can be divided in two groups. The first group should include 
factors conditioned by the location of a building in a given climate zone and by the season of the year, and 
which are beyond human control; such as: the temperature of external air, wind rose, solar energy, 
precipitation and cloudiness. The second group should include factors connected with the intended building 
type and its 

material and constructional solutions, energy characteristic of a building, its purpose and the manner of 
exploitation, holding suitable values of parameters of microclimate, quantity of air exchanges through a 
ventilation system, parameters of heating system and the technical condition of a building. 

Building stock of European Union covers about 200 million buildings, out of which 6 million are 
located in Poland. In accordance with the Polish National Energy Conservation Agency the energy 
consumption in Poland is at the level of around 120 300 kWh/m2/ year while other European countries reach 
50 kWh. The heat consumption in Poland has shown a slight declining tendency in the recent years. The 
largest heat consumers in Poland in 2015 were in the households - about 64% [15]. The structure of energy 
consumption in residential buildings according to different directions of use in recent years is shown in 
Figure 5. 
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Fig. 5. The structure of energy consumption in residential buildings sector [8, 18] 

 
That is why, in order to limit the energy consumption on heating and ventilation one should look for 

areas for its rationalisation. The main direction of activities aimed at limiting energy consumption on heating 
buildings is sealing a building coating and the modernisation of ventilation and heating systems. 

Pursuant to the EU directive up to the year 2020 all new buildings shall have nearly zero energy 
consumption. One of the elements of rationalization of energy consumption in buildings and reduction of 
emissions are the undertakings related with thermal modernization of buildings. The introduction of 
innovative technologies and solutions, and the gradual adaptation of existing resources to energy-efficient 
building standards, combine energy and economic effects with reducing the negative impact of buildings on 
the en
reach around 26% of 2013 consumption by 2030 [19]. The estimated potential for energy savings from the 
thermal modernization of buildings under individual activities is presented in Table 2. 
 

Table 2 
Potential of energy savings from individual thermal modernization activities [20] 

Type of thermal modernization activities Savings 
Improvement of thermal insulation of transparent partitions % 
Improvement of the thermal insulation of the walls % 
Modernization of the ventilation system % 
Regular inspections and repairs of boilers % 
Modernization of the domestic hot water system using RES % 

 
 

4. RATIONALIZATION OF ENERGY CONSUMPTION IN BUILDINGS AND REDUCTION OF 
POLLUTANT EMISSIONS 

 
As prepared in 2011 National Census of Population and Apartments in Poland is 6 047 100 buildings with 

at least one apartment, of which 5 542 600 are single- and multi-family residential buildings [21]. The 
average usable area of the apartments was 78.2 m2. The highest number of apartments was in the usable area 
of over 100 m2 2 2 (13.6%). 
The highest number of apartments was in multi-family buildings (55.5%). Individual heating predominates in 
the heating of rooms. Network heat consumed 41.7% of all households. Of net heat consumers, 72% also 
used it for water heating. Approximately 67% of apartments had hot water heated locally, and 30% used 
district heating [18]. 
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Among residential buildings, over 404 000 were built before 1918. They represent 7.3% of the total 
number of inhabited buildings. There were about 1.2 million apartments, which accounted for 9.0% of total 
apartments in Poland [22]. The age structure of residential buildings located in Poland is presented in in 
Figure 6. 
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Fig. 6. The age structure of residential buildings in Poland [8, 18] 

 
About 85% of residential buildings are characterized by high energy intensity [21, 22]. That's why 

these buildings have the greatest potential for energy savings. An analysis of the possibilities to reduce the 
energy demand for the heating of residential buildings which was exploited in Poland in 2011 to the value 70 
kWh/(m2year) for multi-family buildings and 60 kWh/(m2year) for single-family buildings was conducted. 
The potential energy savings by reduction the energy demand for heating to accepted values is shown in 
Table 3 [23, 24]. 
 

Table 3 
The potential energy savings by reduction the energy demand for heating to 70 kWh/(m2year) for 

multi-family and 60 kWh/(m2year) for single-family buildings 
The 

building 
construction 

period 

Heat demand for heating Reduce the energy demand for heating 
single-family multi-family single-family multi-family 

kWh/(m2year) kWh/(m2year) % kWh/(m2year) % 

before 1918 367,66 264,31 297,66 81,0 199,31 75,4 
1918-1944 306,10 191,31 236,10 77,1 126,31 66,0 
1945-1970 265,22 172,74 195,22 73,6 107,74 62,4 
1971-1988 230,25 156,52 160,25 69,6 91,52 58,5 
1989-2010 183,36 125,67 113,36 61,8 60,67 48,3 

 
Saving on energy demand for heating for the whole building structure is shown in Table 4. 

 
Table 4 

Reduce the energy demand for heating for all buildings [23, 24] 
Reduce the energy demand for heating Reduce the total energy demand 

for heating single-family multi-family 
TWh % TWh % TWh % 
84,2 71,3 38,0 60,3 122,2 67,5 
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Savings in energy demand was around 67%. It is also estimated to reduce the pollutants emission to 
the atmosphere as a result of reducing the energy demand for buildings heating. Ecological effect of 
reduction the energy demand for the heating of residential buildings which was exploited in Poland in 2011 
to the accepted values is shown in Table 5. 
 

Table 5 
Reduce of pollutants emissions [13, 25] 

Analyzed pollutants 

Pollutants emission resulting 
from the apartments heating in 

2011 

Reduce of pollutants emissions 
as a result of reduced demand 

for energy for apartments 
heating 

thou. of tons 
Carbon dioxide (CO2) 49 440,568 33367,16 
Nitrous oxide (N2O) 0,906 0,61 
Methane (CH4) 120,873 81,58 
Nitrogen oxides (NOx) 67,506 45,56 
Sulfur oxides (SOx) 219,180 147,92 
Ammonia (NH3) 0,510 0,34 
Non-methane volatile organic 
compounds 102,769 69,36 

Carbon monoxide (CO) 1 622,308 1094,89 
Particulate matter PM10 103,756 70,02 
Particulate matter PM2,5 61,348 41,40 
Dioxins and furans (g i-TEQ) 134,9 91,04 
Hexachlorobenzene (HCB) 2,8 1,89 
Polychlorinated biphenyls (PCB) 0,0004353 0,00 
Polycyclic aromatic hydrocarbons 
(WWA) 0,1230266 0,08 

 
Reduction in energy demand for heating will reduce pollutants emissions, burdensome for the 

environment, especially particulate matter and greenhouse gases. 
 

SUMMARY 
 

Energy efficiency is key to ensuring a safe, reliable, affordable and sustainable energy system for the 
future. Buildings existing in Poland, both residential and public are characterized by a great potential in 
terms of energy and ecological efficiency. An analysis of the possibilities of reducing the energy 
consumption for heating of residential buildings and the emission of pollutants to the atmosphere generated 
during its production in relation to energy use in buildings clearly indicates the greatest potential for 
activities undertaken in the area of rooms heating. The calculations show that, as a result of adjusting the 
energy demand for residential heating to 60-70 kWh (m2rok), the demand for existing residential buildings 
can be reduced by an average of around 67% compared to 2011. Taking these activities will reduce the air 
pollutant emissions from about 30% to about 67%, depending on the type of pollutants. 
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MODERNIZATION AT AN ANGLE OF ENERGY SAVING  
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        Annotation. The article presents the real results of the thermal modernization activity based on the 
monitoring of their effects conducted in selected educational building from 2011 to 2015 which was 
a representativ4e of the evaluated group of buildings. The analysis includes energy consumption for heating, 
ventilation and domestic hot water preparation and electricity consumption in chosen building. The 
monitoring of the results from conducted thermal modernization showed significant energy reduction effect 
and therefore also fuel consumption and exploitation costs of this building. 

Key words: comprehensive thermal modernization, energy consumption, energy saving. 
 

INTRODUCTION 
 

One of the ways to energy rationalization of existing buildings is the thermal modernization activities. 
Through the comprehensive thermal modernization activities of an average building in accordance with the 
currently valid regulations up to 40% of energy may be saved. Buildings existing in Poland, both residential 
and public are characterized by a great potential in terms of energy efficiency. The greatest possibility in the 
implementation of energy and ecological efficiency activities creates a saving of media consumption: heat, 
natural gas, coal fuel, electricity, water. Presently the energy efficiency is a widely addressed issue in 
strategic documents determining the development direction of the Union Member States. The impulse for 
action in this direction was depletion of natural energy resources, increase in fuel prices, increased 
dependence on energy imports and high environmental pollution by combustion products contributing to 

imate. Energy saving is a valuable means to address these challenges. 
In Poland thermal modernization activities have been increasingly intensified for over twenty years 

and at the beginning they were mostly focused on renewal and elimination of defects in the buildings built by 
industrial technologies. After implementation of the act regarding support of thermal modernization 
activities, new opportunities to execute such operations in a systematic way, basing on an algorithm of 
technical and economic analysis of an investment, have emerged. These regulations provided legal 
background for comprehensive complex thermal modernization. 

The analysis of the real effects of the thermal modernization activities in educational building is based 
on monitoring of media consumption from 2011 to 2015. The analysis includes energy consumption for 
heating, ventilation and domestic hot water preparation and electricity consumption. For analysis was chosen 
educational building similar in the technical characteristics to other buildings of this type in Poland. Building 
has undergone comprehensive thermal modernization in 2010, and the obtained results are representative for 
the monitored educational building group. 
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ENERGY CONSUMPTION IN POLAND 

Indigenous production of primary energy carriers declined in Poland in 2014 and amounted to 
2853.8 PJ. Consumption of primary energy was higher than production by more than 50% and amounted to 
4320.5 PJ in 2014 [1]. Building stock of European Union covers about 200 million buildings, out of which 6 

total energy consumption. This percentage depends greatly on the degree of electrification, the level of 
urbanization, the amount of building area per capita, the prevailing climate, as well as national and local 
policies to promote efficiency. Realization and exploitation of buildings involves in European Union in the 
period 2009-2013 about 42% of total energy consumption, bat in Poland, this value is higher at about 7% [1, 
2, 3]. Buildings consume more energy than transport and industry and use also about 25% of global water. 

Energy consumption in buildings is divided into heating, ventilation, cooling, hot water, lighting and 
electrical equipment. Structure of energy consumption in the period 2009-2012 in residential buildings 
according to its destiny in Poland is shown in Fig. 1. 
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Figure 1. Energy consumption in residential buildings in Poland in the period 2006-2012 [4, 5] 

 
The public utility buildings have a bit different structure of energy consumption (Fig. 2). In this 

structure is the energy consumption for cooling. The energy consumption for hot water is significantly lower. 
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Figure 2. Energy consumption in public utility buildings in Poland in the period 2006-2012 [4, 5] 
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In European Union the share of energy consumption for heating and ventilation is lower than in 
Poland especially in public utility buildings but they consume more energy for hot water (Fig. 3 and 4). 
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Figure 3. Energy consumption in residential buildings in EU in the period 2006-2012 [6, 7] 
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Figure 4. Energy consumption in public utility buildings in EU in the period 2006-2012 [6, 7] 

 
The structure of primary energy carriers consumption in Poland did not change significantly during 

last years. Recently in Poland production of hard coal, lignite, crude oil, natural gas and others energy 
carriers decreased. The most important energy carrier produced is hard coal, which share amounted to 61.0% 
in 2014. The second important energy carrier is lignite with share of 18.2%. The share of natural gas 
amounted to 5.5% and crude oil to 1.4% [1]. The most important energy carrier consumed is hard coal which 
share amounted to 40.4%. The share of crude oil amounted to 23.8% and the share of natural gas to 14.1%. 
Consumption of lignite amounted to 12.0% of total consumption [1]. 

Starting from 2021 all newly constructed buildings will be required to have very low energy 
consumption, covered mainly by the renewable energy resources. The strategy for the development of 
renewable energy sources in Poland and European Union assumes increase the share of renewable energy 
sources in our final energy consumption to 20%. Therefore, it is necessary to promote and implement 
environmental friendly technologies based on the renewable energy resources and to increase the application 
of these energy resources. In Poland share of renewable energy in gross final energy consumption increases 
and in 2014 year was 11.4% [8, 9]. 
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COMPREHENSIVE THERMAL MODERNIZATION OF CHOSEN BUILDING 

 
The school was built in 1964 using the traditional technology. The lack of thermal insulation in 

partitions caused that the building failed to comply with thermal protection requirements and was not energy 
efficient therefore generating considerable energy losses. The school building before thermal modernization 
is shown in Fig. 5. 
 

 
Figure 5. The school building before thermal modernization in 2006 

 
In 2010 was performed the thermal modernization of this building in a complex manner and in 

accordance with the guidelines resulting from the energy audit. The thermal modernization activities 
included the thermal insulation of the external barriers and replacement of some equipment of the buildings. 
The school building before thermal modernization is shown in Fig. 6. 

Activities were aimed at improving the efficiency of the energy use for heating and preparation of the 
domestic hot water. Thermal modernization works performed in research building aimed at improving the 
energy performance of the building, increasing its energy efficiency, reducing its negative impact on the 
environment and improve the interior microclimate. The effects of conducted thermal modernization were 
monitored since 2011. 

 
Figure 6. The school building after thermal modernization 

 
After the thermal insulation significantly improve the heat transfer coefficients of school building 

partitions (Table 1). Spite of the high value of heat transfer coefficients for the floor on the ground this 
partition couldn't be insulated due to technical reasons. 
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Table 1. Heat transfer coefficients of partitions before and after thermal modernization of school building 

Partitions 
UC, W/(m2K) UCmax, W/(m2K) 

Before After 2010 2016 
External walls 1.40 0.22 0.30 0.25 
Flat roof 0.68 0.16 0.25 0.20 
Floor on the ground 0.63 0.63 0.45 0.30 
Wooden windows 3.00 1.40 1.80 1.30 
PCV windows 2.60 1.40 1.80 1.30 
External doors 3.50 2.50 2.60 1.70 

 
The heat transfer coefficients of walls and roof are also in accordance with the current requirements. 

Insulation of partitions and the replacement of windows and doors caused a large decrease in heat loss. 
Replacement of coal boiler by new gas boiler and the creation of collective water heating systems with 

a water use meter were associated with improvement of the heating and hot water system efficiency (Table 
2). 

Table 2. Efficiency of heating and hot water system before and after thermal modernization of school 
building 

Efficiency of: 
Heating system Hot water 

system 
Before After Before After 

- heat generation 0.65 1.00 0.97 1.00 
- heat transfer 0.90 0.98 0.85 0.96 
- heat accumulation 0.93 0.97 0.67 0.86 
- heat regulation and  utilization 0.85 0.98 1.00 1.00 
- total system 0.46 0.93 0.55 0.83 

 
Energy demand indicators of the building before and after thermal modernization, determined on the 

basis of the energy audit analysis are presented in Table 3. 

Table 3. Energy demand indicators before and after thermal modernization of school building 

Energy demand indicators 
Before After 

kWh/(m2year) 
EU 285.7 142.4 
EK 526.0 149.4 
EP 578.6 164.3 

 
EK is demand indicator for the final energy and EU for usable energy. According to the national 

legislations in the field of energy saving [10] the maximum value of EP indicator defining yearly calculated 
demand for non-renewable primary energy for heating, ventilation, domestic hot water preparation, cooling 
and lighting is calculated by the following formula: 
 

 LCWH EPEPEPEP   
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where: 
EPH+W  maximum value of a partial indicator of the EP for the heating, ventilation and the preparation of 
domestic hot water, kWh/(m2year); 

C  the maximum value of the partial indicator of EP for cooling, kWh/(m2year); 
L  the maximum value of the partial indicator of EP for lighting (only for public utility, commercial, 

warehouse and production buildings), kWh/(m2year). 
 

Presently required partial maximum values of the indicator EP for heating, ventilation, hot water, 
cooling and lighting for educational buildings are presented in Table 4. 

 
Table 4. Partial maximum values of the indicator EP for heating, ventilation, hot water, cooling and lighting 

for educational buildings [10] 
 

Partial indicator of EP for: kWh/(m2year) 
- heating, ventilation and the  
  preparation of domestic hot water 

EPH+W 65 

- the maximum value of the partial 
  indicator of EP for cooling C f,C/Af 

- lighting L 

for t0 < 2500 
L= 50 
 

for t0  2500 
L=100 

 
 
In the table were used the following parameters: 
Af,C  the usable cooled area building, m2; 
Af  the heating area of building, m2; 
t0  the duration of lighting during the year, h/year. 

C=0 kWh/(m2year). The 
duration of lighting during the year for school buildings amounts 2000 h/year, L=50 
kWh/(m2year). Maximum value of EP indicator for investigated school buildings amounts 115 
kWh/(m2year). 

Despite the significant reduction in final energy demand the EP indicator obtained in 2010 is too high 
according to current requirements. A good solution in this case would be the use of renewable energy in 
monitored school building. 
 

 
THE ENERGY SAVING RESULT OF CONDUCTED THERMAL MODERNIZATION 

 
After comprehensive thermal modernization in chosen school building its various effects were 

analyzed. Basic advantages of thermal modernization are related to economic aspects, i.e. reduced 
consumption of fuel resulting from reduced heat consumption. In research building components of media 
consumption (coal, gas, water and electricity) and associated with this consumption costs were monitored. 
Energy consumption for heating, ventilation and domestic hot water preparation was estimated. The year 
2010, when the thermal modernization was carried out, was transitional year which is not included in the 
analysis. 
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The monitoring of the results from conducted thermal modernization showed significant effect in 
reduction of energy consumption for heating, ventilation and the preparation of domestic hot water (Fig. 7). 

 
Figure 7. Energy reduction effect after thermal modernization 

 
Before thermal modernization the average energy consumption was about 1000 GJ/year, and after the 

thermal modernization dropped to 420 GJ/year. Average energetic effect was about 58%. A distinct 
downward in final energy consumption in monitored period is associated with improvement of the the 
heating and hot water system efficiency. 

After thermal modernization cost per 1 GJ of energy was increased because the conversion of coal to 
gas was made but compared to 2010 decrease in the cost of heat consumption was occurred. Finally they 
achieved the level of costs close to the level of 2008-2009. Performed thermal modernization works 
practically set off the increase in gas prices which was in the period from 2011 until 2015. The cost of 
energy consumption before and after thermal modernization is presented in Fig. 8. 

 
Figure 8. Energy consumption cost of heating and hot water preparation per 1 m2 of heated surface 

 
The decreases in the heat cost for heating and hot water preparation is not so significant as the 

decrease in energy consumption due to increases in prices for 1 m3 of gas from 1.15 to 3.23 zl in the 
analyzed period. 
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Use of electric power decreased in the building was observed too. Electricity reduction effect is 
presented in Fig. 9. 

 
Figure 9. Electricity reduction effect after thermal modernization 

 
Before thermal modernization the average electricity consumption in the analyzed object was about 

16 100 kWh/year, and after thermal modernization dropped to 12 500 kWh/year. After thermal 
modernization a decrease by about 35% of the annual electricity consumption was observed. The decrease in 
consumption also results from the fact that before the thermal modernization of about 45% of hot water were 
prepared using electric heaters. Increase in electricity consumption in 2011 was caused by the conducted 
thermal modernization works. 

In 2012 reduction the annual payment for electricity by about 17% was achieved. The cost of 
electricity consumption per 1 m2 of heated surface is shown in Fig. 10. 

 
Figure 10. Electricity consumption cost per 1 m2 of heated surface 

 
In the period 2004-2015 also the increase in electricity prices was occurred. The average electricity 

price in the analyzed school institution increased from 0.46 zl/kWh to 0.78 zl/kWh. 
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SUMMARY AND CONCLUSIONS 

 
The rationalization of energy consumption is a widely addressed issue in strategic documents 

determining the development direction of the European Union. One of elements identified in the European 
Union strategy is to increase the energy efficiency by 20% until 2020. Realization and exploitation of 
buildings involves in European Union almost 40% of total energy consumption. Around 70% of energy is 
consumed for heating and domestic hot water preparation. The European Union directives impose an 
obligation, inter alia, to elaborate national, long-term strategies supporting the modernization investments 
covering the specification of optimal ways for improving energy efficiency of buildings and specification of 
instruments mobilising the investments. 

In the last decade Poland has made huge progress in environmental protection, reducing the 
dependence of economic growth on a number of environmental pressure factors. However, further limitations 
on resource exploitation and on the amounts of energy and substances emitted into the environment, still pose 
a challenge to implementing the principles of sustainable economic development and to strengthening 
efficiency-oriented trends. The energy efficiency of the Polish economy is about three times lower than in 
most developed European countries and about two times lower than the average in the EU. Additionally, 
primary energy consumption in Poland, based on the number of population is almost 40% lower than in the 
in most developed European countries, which indicates the great potential in range of energy saving in 
Poland. 

One of the ways of increasing the energy efficiency of buildings and reducing the environmental 
impact of buildings are the activities related with thermal modernization of buildings. It has been estimated 
that through the modernization of an average building in accordance with the currently valid regulations up to 
40% of energy may be saved. The thermal modernization activities in Poland have been conducted for more 
than twenty years, the implemented provisions constitute a basis for performing these activities in a complex 
manner and cost-effectively, considering the investment and utilization expenses. 

The article presents the improving the energy efficiency of the chosen school building. Thermal 
modernization activities conducted in this building included a wide scope of improvements. The monitoring 
of the results from conducted thermal modernization pointed out a number of benefits resulting from this 
type of activity: 
1. properly conducted thermal modernization considerable contribute to the improvement of the energy 

performance of the building, 
2. comprehensive thermal activities of a buildings brings the greatest effects and the shortest time of return 

on invested capital, 
3. average energy reduction effect in thermal modernized school building by approximately 58% was 

observed, 
4. there was occurred reduction of electricity consumption at about 35%, 
5. fluctuations in energy consumption within the following years were partially related with temperature 

conditions in respective settlement periods, 
6. appropriate building energy performance influences on the reduction of buildings operating costs, 
7. reduction the annual payment for electricity by about 17% was achieved, 
8. the decreases in the energy consumption cost is not so significant as the decrease in energy consumption 

due to increases in prices in the analyzed period, 
9. due to the increase in the prices of fuel, water and electricity is not always possible to achieve economic 

results planned in the audit. 
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Annotation.The influence of the climate change on the soil and productivity on the territory of 

Natbeuri and Taribana of the Southern part of the East Georgia has been considered in the present work. 
The necessity of arranging of irrigation system by means of surface waters has been represented since 

in these soils the capillary contact between the ground waters and soil humidity is disrupted. 
Key words: ground, salted soil, atmospheric sediments. 

 
INTRODUCTION 

 
The topic of our present report is the influence of the climatic change on the soils of the Southern part 

of the East Georgia (Taribana, Natbeuri) for the cold and warm periods of the year. This place belongs to the 
zone of desert fields and represents a sub-region of chestnut and too salted soils. As for the relief they 
represent a wide depression. This territory is nearly lacking of the water artery. The ground water is in deep 
(deeply) (15-20 m. and more) and frequently is strongly mineralized. These soils are being developed in 
conditions of semi-desert dry and hot climate, with the smallest number of the atmospheric sediments (200-
300 mm), having the high mean annular temperature (150cc 160c) and with a great deficit of the humidity, 
especially in summer months. 

 
MAIN PART 

 
A great part of this deficit (80-90%) comes on the summer months. This time it occurs the greatest 

expenditures of humidity by evaporation and transpiration 
 

Table 1. Physical property of the chestnut soils 

Soil 
Depth 

with the 
cm 

The 
volume 
weight 

specific 
weight 

Humidity capacity 
Coefficient of 

filtration 

Dark 
chestnut, 
Yagslluja 

0 18 
35 43 
70 88 

0,97 
1,28 
1,36 

2,48 
2,50 
2,53 

total limited sm/sc 

The 
Chestnut 
Natbeuri 81 

0 15 
20 35 
45 55 

1,21 
1,24 
1,26 

2,67 
2,70 
2,70 

56.10 
45.53 
45.06 

53.06, marginal 
45.73 
41.80 

0.0006 
0.0003 
0.0003 

 
m3/h 

 
According to the climatic conditions this zone of the East Georgia is characterized by hot summer and 

at minimum, twice per year. 
 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL C MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONST  

25 27 August, 2017 

        c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
133 

Table 2. The mean air temperature 

City I II
 

II
I 

IV
 

V
 

V
I 

V
II

 

V
II

I 

IX
 

X
 

X
I 

X
II

 

A
nn

ua
l 

Sagarejo 0.4 0.9 5.0 10.0 15.0 19.0 21.8 21.6 17.2 12.2 6.4 1.9 10.9 

Gurjaani 0.0 1.4 6.2 11.0 16.2 20.0 23.1 22.4 18.0 13.2 7.1 2.8 11.8 

Melaani 1.1 3.0 7.8 12.9 18.0 21.8 25.0 25.1 20.2 14.7 8.7 3.6 13.4 

Tsnori 6.4 2.0 6.7 11.7 16.8 20.4 23.5 23.7 18.7 13.3 7.8 2.9 12.2 

 
The brought numbers show us that the mean temperature of the hottest months of summer is 20-230c; 

End by the data for the last 10 years the mean temperature is 25-260c and even more. In particular, the 
maximum of the temperature in summer months reaches to37 380c. In winter it is relatively warm here too. 
The number of frosty days does not exceed 50-60 days. The number of atmospheric sediments in this very 
zone is quite fluctuating, too.  

Table 3. A mean numbers of the sediments (mm) 

City I II
 

II
I 

IV
 

V
 

V
I 

V
II

 

V
II

I 

IX
 

X
 

X
I 

X
II

 

A
nn

ua
l 

Sagarejo 20 30 43 73 141 108 74 57 62 51 48 37 744 
Gurjaani 19 28 41 68 129 96 68 52 54 47 47 35 683 
Melaani 20 29 43 62 112 87 62 48 49 43 48 37 640 
Tsnori 26 26 36 54 101 72 44 36 52 57 39 21 574 
 

By the numbers it is shown that the maximum of the sediments comes on May and June and then on 
autumn months. And the minimum of sediments comes on January and summer months. Besides, it should 
be indicated that for Kakheti it is characterized a strong hail.  

Together with the air temperature and the number of sediments it is necessary as well the data of 
evaporation and relatively the water balance, too. 

For the practical aims it is very interesting to know the anomaly sedimentary and non-sedimentary 
months and years. 

Table 4. The number of the greatest and the smallest sediments 

City Sediments I II
 

II
I 

IV
 

V
 

V
I 

V
II

 

V
II

I 

IX
 

X
 

X
I 

X
II

 

A
nn

ua l 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sagarejo The greatest 
The smallest 

84 
0 

102 
0 

127 
6 

173 
16 

187 
18 

218 
8 

252 
2 

146 
1 

139 
4 

220 
3 

127 
1 

64 
0 

1337 
489 

Gurjaani The greatest 
The smallest 

96 
0 

106 
0 

113 
6 

160 
8 

235 
41 

192 
6 

221 
6 

175 
0 

188 
9 

250 
3 

106 
0 

66 
0 

1100 
262 

Melaani 
 

The greatest 
The smallest 

68 
0 

27 
0 

88 
1 

130 
5 

198 
5 

220 
3 

175 
1 

203 
0 

179 
1 

139 
4 

126 
1 

83 
0 

767 
241 

Tsnori The greatest 
The smallest 

42 
0 

59 
0 

70 
0 

97 
2 

169 
11 

145 
9 

129 
0 

106 
0 

111 
0 

151 
1 

85 
0 

49 
0 

655 
212 
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As from the data shown in the Table it is clear that the smallest number of sediments came for a month 
in the lower parts of Georgia fluctuates within rather great limits. It is not so random such a year when 
during any month there was only 1-2mm of sediments or no sediment at all (mainly in winter and 
summer).For the last period there was indicated (1010-12ts,) much lesser that the norm of sediments the 
smallest indicator (within the limits of 0-48 mm) in this part during the plenty-sediment years there is the 
sediment at 650800mm). 

During the relatively dryyears it is quite lower (up to 200 mm). These fields are not insured, 
guaranteed, more precisely, there are often droughts. In comparison to the sediments occurred during the 
cold period of the year, the snow is not laid for a long time on the indicated fields and, correspondingly, the 
humidity gathered in the soil in frequent cases does not satisfy the requirements of the agricultural cultures. 
The observation was realized (spring, autumn), as it is called the first (IV-VI months) and the second (VII-X 
months) halves of the vegetation period. It is cleared up that in the first part of the vegetation period the 
sediments are changed within the 120-500mm. On the background of all this the melioration measures to be 
carried out on the objects of our observation should envisage by all means the balance the humidity of soil-
ground. And the latter is not determined only by the number of the sediments. Of great interest is the 
expenses which express the total number of the humidity expenditure of those which had been accumulated 
as a result of physical evaporation from the soil, percolated into deep layers, or transfused from the surface 
or by other phenomena, as a result it should be realized the melioration and agro melioration measures. 

On the given field (Taribana-Natbeuri) the ground water is located deeper and the capillary contact 
between the soil humidity and underground water is established only periodically during the great rains. This 
mode of humidity is characterized by vacillatingbalance. It depends on the number of atmospheric sediments 
which is exceeded by the number of evaporated water, the coefficient (ratio) of humidity is less than 1 
(0.70), the ground water, as we have indicated is lower than 15-20mm and the capillary contact between the 
ground water and the soil humidity is terminated. By leakage of the atmosphere water only the upper layer of 
the soil profile becomes wet and it does not reach deeper because of small quantity. The capillary water of 
the soil here is always in the capillary dependant state. The soil is always distinguished by great deficit of 
water and it needs to be carried out the melioration measures of watering character.  

 
CONCLUSION 

 

(carried out). The zone is declared as a desertification. With allowance that traditionally on this territory 
there was a great harvest of wheat, barley, popcorn, oats and sunflower and even for today there are carried 
out to sow-cultivate, grow the cultures indicated here, the results totally depend on the weather. 

For today, the population of the Municipalities of Dedoplitskaro and Sighnaghi are supplied by the 
surface waters. It might be found out the ways to use these waters for irrigation too.  
 

LITERATURE  
 

1. G. Talakhadze, I. Anjaparidze. Physics of soil. Tbilisi, 1977, pp. 117-125 (in Georgian); 
2. I. Anjaparidze.  90-96 (in Georgian); 
3. Sh. Javakhishvili  The atmospheric sediments on the territory of Georgia. Publishing House of Tbilisi 

University, 1981, p. 74-87, (in Georgian); 
4. El. Elizbarashvili, Z. Chavchanidze, M. Macharashvili The issues of territorial distribution of 

The Proceedings of the Aristotle Greek-Georgian University. V.3., 2002, p.37-
42 (in Georgian); 

5. Philipp I.R. Fishy years progress in soil physics-Geoderma 12. 2004, p. 265-280 (in English). 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL C MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND  

25 27 August, 2017 

c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

TS. MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
135 

Hydraulic engineering and irrigation  

LAND RECLAMATION IN BREST REGION (BELARUS): 
 STATE, PROBLEMS, PROSPECTS 

 
A. Meshyk, M. Barushka 

 
Brest State Technical University 

 267, Moskovskaya Str., Brest, Belarus, 224017 
E-mail: omeshyk@gmail.com 

 
Annotation. The article presents a historical background of land reclamation in Brest region, Belarus. 

It also describes a current state of land reclamation in the area and specifies some aspects of professional 
training of qualified experts in the sphere. 

Key words: land reclamation, Belarus. 
 

INTRODUCTION 
 
Brest region enjoys an advantageous location in the Republic of Belarus. Better supplies with soil 

moisture and warmth create favorable conditions for agriculture in the region. Nevertheless, both excesses 
and shortages of moisture and warmth are often observed in cultivated soils due to instability of natural 
irrigation. Today, water and heat regimes of soil are regulated with ameliorative facilities predominantly. 
Agronomic soil properties, natural soil fertility, and natural irrigation only cannot guarantee high and steady 
crop yields. It is also essential to create a productive air-water and heat regimes on cultivated areas, although 
that might not be enough to solve the problem. Another requirement necessary for sustainable agriculture is 
considered a balance of gases, minerals, and organic fertilizers. That is why amelioration is regarded today as 
engineering activities (facilities and technologies) which provide optimal air, moisture, temperature, and 
nutrition regimes in soils.  

 
HISTORY 

Land reclamation in Brest region has a long history. 
Considerable growth of population, social and industrial development in the 16th century resulted in 

the necessity to cultivate new and virgin lands and improve them. Land reclamation began to develop then. A 
few melioration canals were built in Kobrin district after Queen Bona Sforza ordered to start reclaiming her 
lands (1549  1557). The biggest one has survived until now. It is called the Bona Canal to honor the Queen. 
The canal is 29 km long. Its catchment area is 261 km2. 

settled near Brest in the 17th century. They drained bogs for agricultural purposes of their own. 
At the end of the 18th century Polish government of King Stanislaw August Poniatowski started to 

erect a navigable canal between the Dnieper River and the Bug River watersheds. The canal, which was 
called the Royal Canal, connected the Pina River with the Mukhavets River. Today it is called the Dnieper-
Bug Canal although a part of the canal in Kobrin district still remains with its original name. After the war of 
1941-1945 the canal was restored. Today it is used for navigation, fishing, recreation, and as a water intake 
reservoir of the local melioration system. The total length of the Dnieper-Bug water system is 196 km of 
which 105 km is the canal itself. It comprises 12 hydro-engineering structures with navigation locks, 28 
flow-through dams, 14 water outlets, 5 earth-fill dams, 3 drop structures, 64-kilometer dams. In fact, the 
Dnieper-Bug Canal connects the basins of the Baltic and the Black Seas [1]. 
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Alongside with the Dnieper-Bug Canal another canal called the Oginski was built at the end of the 18th 
century. Its length is 47 km. It connects the Shchara and the Yaselda Rivers and as a result the Baltic and the 
Black Seas. During World War I the canal was greatly destroyed so it lost its original importance. The canal 
bed, some hydro-engineering facilities, and the revetments built in the war years have remained until now. 
Today the canal silts up. It operates only as a water intake reservoir of the nearby polder melioration system. 

The biggest land reclamation work was the so-called Western Expedition organized by Russian 
general I.I. Zhilinski at the end of the 19th century. Land amelioration was performed according to a 
governmental plan to reclaim Polesie marshlands that is why the project was well designed and financed. 
From 1874 to 1897 the Expedition managed to construct 4360 km drainage canals, 549 bridges, 30 canal 
locks. 127 km of river beds were cleared of weeds and grass. Many of them were built so profoundly that 
they have remained up to now. 

Amelioration in Brest region almost stopped in the first half of the 20th century, which is explained by 
political changes (revolution and wars), and as a result, poor funds. But in the mid-1950s the work proceeded 
again and soon a hector of ameliorated area started to produce 18-19 hundredweight of rye, 20-27 
hundredweight of oats, 200-300 hundredweight of potatoes, 250-400 hundredweight of root crops, 400-500 
hundredweight of corn for silage.  

In 1971 irrigation systems started to be built alongside large-scale drainage practices. There appeared 
water reservoirs and ponds, pump stations, network hydro-technical facilities, diversion dikes, roads, bridges, 
communication lines and power transmission lines. At the top of land reclamation activity the productivity of 
drained agricultural land was 33-38 hundredweight of fodder unit, and specifically, reclaimed soils produced 
43-53 hundredweight of fodder unit. Gross output of crop production was 45%, including fodder up to 60%. 
Reclaimed areas of Polesie were put into cultivation by new farms (sovkhoz). They also tried to develop 
social services such as industrial and residential areas, public buildings and shops, recreational areas [1]. 

 
CURRENT STATE 

According to the latest data (01.01.2017), 23% of the total area and 48% of the agricultural area in 
Brest region is drained. Today over 80 % of the land in need of amelioration is drained. The most 
ameliorated districts of Brest region are Ivanovo district (35%), Kobrin district (35%), Zhabinka district 
(34%), and Drogichin district (32%). The least ameliorated districts are Baranovichi (8%) and Kamenets 
(14%). 372,900 ha of Brest region land are drained with subsurface drainage systems, which is about 50% of 
all the drained area. Ceramic drainage is being replaced with the plastic one in the systems under 
reconstruction. It already accounts for about 5%.  

37% of the ameliorated area (283,200 ha) is controlled by a two-way regulation (drainage and 
subirrigation) of water regime. But, in fact, it is hard to use as a lot of the retaining structures (19%) in the 
double-acting (drainage and subirrigation) systems are in poor condition.  

Amelioration systems of water rotation type operate on the area of 40,400 ha. Drainage of 227,800 ha 
is performed with the use of pump stations. Polder systems occupy most of the area, which is a peculiarity of 
land reclamation in Brest region. Winter (non-flooded) polders occupy 208,000 ha. 

The irrigated area has decreased significantly over the past decades. Today it accounts for 4,400 ha, 
which is less than 1% of all the ameliorated area. The reason for this decrease is current financial problems, 
and as a result, poor maintenance of the equipment. 

The total length of meliorative drainage network in Brest region is 164,200 km, including 41,300 km 
of an open network. The network consists of diversion dikes (2,800 km), inspection roads (6,100 km), field-
protecting forest belts (2,100 km), 291 pump stations, 364 locks, 7662 pipe-regulators, 794 bridges, 13304 
conduit passes, 2411 pedestrian bridges, 7670 wells in a closed collector-drainage network, 83909 drain 
outlets, 728 wells for observing groundwater level. 
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PROSPECTS 

 
Over the past decades land reclamation in Brest region has been conducted according to the State 

Program for preserving and using ameliorated lands. The Program is developed and adopted for every five 
years. Its main goal is to improve soil fertility by meliorative practices and drainage of highly fertile lands. In 
order to reach the goal, the Program requires providing optimal air-water regime on ameliorated lands 
through appropriate maintenance. Today, worn-out and outdated equipment of the melioration systems or 
their particular elements are being replaced, failed systems are being restored. A lot is being done to provide 
technically efficient maintenance of the system and its elements. 

Although most of the ameliorated land in Brest region is mineral soils (70%), there is a problem of 
preserving drained peat bogs. Agricultural use of peat-bog soils inevitably results in their degradation. Brest 
region has peat-bog soils up to 1 m deep. Almost a third of them has mineralized and transformed into 
organic-mineral and human modified soils. Inefficient agricultural use of peat-bog soils causes soil erosion. 
About 30% of the peat-bog soil is used for tillage. Thermo-physical properties of the ameliorated peat-bog 
soil have changed significantly, which aggravated a problem of ground frost and fires [2]. The double-acting 
(drainage and subirrigation) systems that function on the peat-bog soils cannot solve the problem as their 
equipment is in poor technical condition and they are badly maintained.  

Scientific support to implement the State Program for preserving and using ameliorated land is 
provided by scientific research establishments of the Department of Agrarian Sciences of the National 
Academy of Sciences of Belarus. In particular, RUE Institute for Land Reclamation is a leading scientific 
establishment which provides scientific support for over 4.3 million ha of farmland of which 2.9 million ha is 
drained. The Institute develops technologies and design decisions for reclamation of wetlands and bogs of 
Polesie. 

conducted at Belarusian State Agricultural Academy and Brest State Technical University.  
 

CONCLUSION 
 
Although the scale of land reclamation has reduced considerably lately, Belarus is developing and 

leader in this sphere. In order to provide professional staff for this branch of national economy, higher 
educational establishments coordinate their work with the industry. 
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Water management 
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INTRODUCTION  
 

The main factor which will be able to create a danger for the oil pipeline is a  slope depth of the 

are situated and how their mineralization changes. The subsoil waters are situated in much deeper place 
(
subsoil waters on oil pipes in this part.21 hydrological wells have been drilled from 31st km till 242nd km of 
the second part of the pipeline (Shirvan). (6, 8, 11, 15, 17, 20, 21, 23, 25, 27, 28, 29, 30, 31, 32, 34, 36, 37, 
39, 163, 164) and samples of the subsoil waters have been taken from them. The whole water weight 
analyses have been carried out in the samples taken from 8 wells, but dry residue has been defined in the 
samples taken from 13 wells. The well places have been selected so that a correct notion can be created 
about mineralization of subsoil waters in the different places of this part of which length is 211km. We paid 
attention to salinity of the soil samples taken from the cuts which we put in order to define it, and to grass 
plant that cover its around. The places of the hydrological wells have been defined depending on grass plants 
of different kinds and salinity of the soil samples. To tell the truth, paying attention to abovementioned, the 
wells have been built on the soil cuts. Such approach to the solution of the problem gave a chance to define 
both mineralization of the subsoil waters and soil salinity at the same point. It has been done because a 
notion about subsoil mineralization can be created in the places where the near marks of the salt quantity are 
observed in the soils spreaded in the zone of the oil pipeline [1,2,3]. 

 
MAIN PART  

 
The consequences which we have carried out in the different regions of the Kur-Araz Lowland show 

that there is a close relation between mineralization of the subsoil waters and soil salinity in the natural-
climatic condition which posses the same physical-chemical features. The mineralization parameters of the 
subsoil waters are low or on the contrary  in the places where the salinity indices of the soils is low. For. Ex. 
The 8th cut was put in 55th km of the pipeline. A quantity of the salts was 0.714% on 0-100cm of layer, but it 
formed 1.66% increasing on 100-200cm of layer of the soils in the place where this cut was put. The 
mineralization of the subsoil water taken from a hydrological well on this cut was 16.55g/l. The soil salinity 
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is 0.14% in the cut put on 116th km. The mineralization of the subsoil waters in the place of this cut formed 
2.8g/l  (Fig. 1). 
                                                                      

 
 
 

can be got about subsoil mineralization (5-
the salts change from the low values of mineralization upwards in the total water weight analyses of the 
subsoil waters. It is obvious from Table 4.1. that the lowest value of the mineralization of the subsoil waters 
was observed in cut of K-17 (116km).Mineralization of the subsoil waters forms 2.8g/l here. The subsoil 
waters at the distance from 277 km till Great Cut are situated in a larger depth than 5.0m from the soil 
surface and their mineralization changes by 2.0-4.5g/l. 

 

Fig. 1 



me-7 saerTaSoriso samecniero- wyalTa meurneobis, garemos 
dacv  

25 27 agvisto, 2017 w. 

          c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
140 

 
The highest mineralization of the subsoil waters is observed in Cut K-30 and 31. Mineralization of K-

30 of subsoil waters forms 57.4g/l. SO4 ion is superior-16.5g/l in the anion composition of salts. Cl-ion is in 
the second place-12.6g/l. Here HCO3- -6.2g/l. Na+K (difference) ion is superior in 
cation structure of the salts-12.7g/l. Ca and Mg-ion quantity is high and in accordance forms 5.21 and 3.2g/l. 
The salt type is sulphatic-cloridic-hydrocarbonatic. It is obvious from the investigation that anion and cation 
compositions of the salts change while increasing mineralization of the subsoil waters. The high 
mineralization of the subsoil waters in the zone of the pipeline of Ganja-Gazakh is observed (41,43,45) in the 
salinized zones which form little areas near Ganja and in the zone of Goranboy. Mineralization of the subsoil 
waters changes by 0.5-2.50g/l in the next part of 265km of the pipeline. It is necessary to note that the 
subsoil waters of this part are situated in 3.0-9.0m from the surface, that id, lower from oil tubes. Therefore a 

 
 

CONSEQUENCES AND PROPOSALS 
 

1. The danger which will be created by subsoil waters and their mineralization. The danger which will be 
created by the torrent waters formed during a strong earthquake and atmospheric rainfalls. 
2. The soil salinity along the zone of the pipeline is more in upper 0-100cm of layer of some places, in low 
layers of some places. In two states, being more quantity of salts can create a corrosion danger for the tubes 
of the pipeline. Therefore the waters leaking into soil during strong atmospheric rainfalls will create solution 

Fig. 2 
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by solving the salts in both upper and low layers. Mineralization degree of the salty solution can be from 10-
15g/l till 100g/l (in which soils the salinity is high) depending on salt quantity in the soil. Undoubtedly, 
accelerating corrosion process in the oil tubes the salty solution formed in the soils possessing high salinity 
can be a reason for their earlier destruction.  
3. The showing figures are for the subsoil water depth of which level is 2.0-2.5m from surface. The part of 
the rainfalls that feed the subsoil water in the places where a level of the subsoil water is less than 2.0-2.5m 
from the surface is more than abovementioned figures, but they are less in the places where a level is more 
than 2.0-2.5m. The salt which will be able to create a corrosion danger for oil pipeline can be taken 1.0-
1.5%. This quantity of the salt and mineralization of the solution which is occurred during atmospheric 
rainfalls can from 15-20g/l till 25-30g/l. Mineralization of the subsoil water in such places can change from 
16-18g/l till 25g/l. The places, where a very strong influence of the soil salinity (3.0-4.0%) and subsoil water 
mineralization (50-60g/l) is on oil pipeline corrosion. Such places are observed in 85, 158, 185 and 186th 
kilometer. 
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Annotation. In proposed article analysis of Spring and summer season dynamics in daily actual and 

potential activity of microorganisms which perform nitrogen fixation in rhizogenous in grey brown soil 
Ganja Gazakh plain, grey-meadow soil of Kura-Araz coast, gray-brown soil of Absheron and grey-brown 
soil of lowlands of Small Cuacasus was performed. 
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Annotation. Results of researches of deformation characteristics of various sand-sapropelic structures 

for construction of antifiltrational veils are given in water management systems. 
Key words: water management systems, antifiltrational veils, sand-sapropelic structures, sapropel, 

water retaining constructions, porosity coefficient, consolidation coefficient. 
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Annotation. This article dedicated to thermal and mineral waters in the Republic of Azerbaijan, and 
using this water in ec
physical and chemical structure of thermal and mineral waters, heating temperature are shown in this article. 
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Annotation. The article describes continuous intensive impact of human activity on the natural 

environment that increases the necessity to solve urgent problems of optimal control of various complex 
bioinert systems. To satisfy the needs, the modern society is compelled to create technical systems that are 
related to different technological cycles and perform certain public functions. Such systems, first of all, 
interact with the natural environment, consisting of various kinds of homogeneous and dissimilar natural 
systems and create so called Geotechnical System. One of the varieties of natural-technical systems is a 
water management system that is a totality of sources of water resources, means of their regulation and 
delivery to water users and means of environmental protection. 

Reviewed methods of economizing of water resources are considered for the study of water problems - 
water resources protection and optimization of its planning and management. 

Key words: water resources, bioinert systems, water management system, environmental protection, 
water pollution 

 

INTRODUCTION 
 

The continuous intensive impact of human activity on the natural environment increases the necessity 
to solve urgent problems of optimal control of various complex bioinert systems. To meet the needs, modern 
society is forced to create technical systems in the form of a combination of tools and means of labor, 
connected by some technological cycle and performing a certain social function. The most complex among 
them are systems that include techniques designed to extract resources from the natural environment and for 
purposeful impact on it. 

Such systems, first of all, interact with the natural environment, consisting of various kinds of 
homogeneous and dissimilar natural systems. Set of technical and natural objects, forming a single integrity 
and purposefully functioning, forms a natural-technical system (Geotechnical System). 
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MAIN PART 
 

One of the varieties of natural-technical systems is a water management system that is a totality of 
sources of water resources, means of their regulation and delivery to water users and means of environmental 
protection [1]. Consequently, within the framework of water management systems, the natural and socio-
economic system is continuously interacting and the water management system itself serves as a mediator 
between nature and the economy. 

The main task of further development of water management systems is to establish permissible loads 
on the natural environment so that the design of measures does not lead to a significant change or destruction 
of natural complexes. 

In usage of water resources an important role plays the contaminants of anthropogenic origin entering 
the water bodies, which ultimately lead to a qualitative depletion of water resources. The main source of 
water pollution is waste waters from industrial and municipal utilities. Increasingly, they pollute the surface 
runoff from the territories of cities, industrial enterprises and especially from agricultural lands. In this case, 
water bodies are polluted with nutrients and pesticides. No less important source of pollution of water 
resources are cattle-breeding complexes and enterprises for processing livestock products.  

The use on a large scale of Groundwater and their interconnection with surface waters predetermine 
the penetration of pollution into underground horizons, which are the most valuable sources of drinking 
water for the population. 

The most common are chemical and bacteriological pollution of groundwater and they are "tied" to 
industrial areas. 

The increase the use of water resources in the industrial and non-industrial spheres is accompanied by 
the expansion of water management capacities through the creation of Hydraulic Engineering and other 
Water Supply Facilities. The main core in the water management system is the reservoirs. On the use of 
water resources created reservoirs are mainly multi-purpose: for hydropower, irrigation, municipal services, 
industrial water supply, flood control, fisheries, etc. An important role in the water management system 
played channels which are ensuring the redistribution of the flow. They are used for irrigation, drainage, 
watering, water supply, Power engineer, etc. 

Rational use of water resources in irrigation traditionally means the economical use of water with 
specified qualities. However, intensive human anthropogenic impact on the environment prompts the need to 
take into account and evaluate all the consequences of various environmental aspects, including the 
emergence of landscape-geomorphological and deformation-erosion processes that are especially 
pronounced in the course of functioning of complex natural-technical systems of irrigation [2]. 

At nowadays, the problem of water use is dominated by the emphasis on water consumption and 
almost completely ignored the environmental strategy to protect natural, in particular, the most unique 
mineral resources on earth - water resources. 

In this regard, the reorientation of water use from the consumer position to the eco-water system 
should reflect the special role of water as an important component of the bioinert environment and an 
industrial and economic resource possessing indispensable unique consumer properties. At present, Georgia 
is working to improve the processes of rational use of water resources. An important role in solving this 
problem belongs to economic research on the development of bases for optimizing water protection 
activities, taking into account long-term socio-economic development. 

The increasing demand of water resources and their scarcity (quantitative and qualitative) in certain 
regions of Georgia predetermine the particular urgency of implementing water protection activities on the 
necessary scale, protection and reproduction of water resources. 

The main direction of rational use of water resources should be the improvement of technological 
processes from the standpoint of effective use of water. At the same time, it is necessary to reduce not only 
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the discharges of contaminated sewage, but also the intake of fresh water. The increase of water circulation 
in the industrial technological processes is the main direction in reducing the anthropogenic impact on water 
resources. Although this increases the irrevocable water consumption, but the water intake from the source is 
significantly reduced and what is most importantly stopped the pollution of a huge amount of water by 
sewage. 

Water resources of Georgia are severely affected by agricultural activities and the use of artificial 
fertilizers. Surface waters are polluted by flushing fertilizers and pesticides. There is no precise data on the 
pollution of water resources by the agricultural enterprises. In rural areas, there are stocks of prohibited or 
under-used agrochemicals and pesticides that are stored in conditions that do not prevent their entry into 
surface and groundwater, which is an unknown threat to the sources of drinking water and consequently to 
human health [3]. 

To illustrate the great opportunities for implementing water conservation activities, we will consider 
the use of water resources in agriculture. At present agriculture, as was mentioned above, is one of the main 
water users and irretrievable water consumer, which makes 70-80% of the total volume of irretrievable water 
consumption in all sectors of the economics? 

Obviously, one of the urgent issues of our time is the implementation of water conservation measures 
in irrigated agriculture aimed at savings of water. Among such activities, the main is the transition to new, 
progressive irrigation methods. The most promising here is drip and subsoil irrigation, in which moistening 
of the soil provided through special droppers. With such a method of irrigation, there is no loss of moisture 
due to evaporation and filtration and there is no rise of groundwater level and soil erosion. This method also 
allows adding fertilizers together with water. 

A large reserve of water saving in agriculture is an increasing the efficiency of irrigation systems. 
Reducing the Coefficient of efficiency of irrigation systems to 0.85-0.9 makes it possible to significantly 
reduce water losses and at the same time significantly reduce the water logging and salinity of land. 
 

CONCLUSION 
 

The above reviewed methods of saving water resources predetermine the urgency of studying the 
problems of optimizing water protection activities and improving its planning and management. 

Taking into account the current rate of population growth the UN predicts that by 2025 two-thirds of 
humanity will live in conditions of fresh water deficiency and the global water crisis is often simply a matter 
of life and death. 

Therefore, water resources of a certain quality are the catalyst for optimal socio-economic 
development of states, regions, districts taking into account the quantification of water resources in technical, 
economic, environmental and legal aspects. 
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Irrigation 
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Annotation. The article describes the physical image of the evaporation mechanism from the soil 
surface. It is estimated that the evaporation intensity is the function of the capacity of dried soil layer. The 
consideration of aerodynamic factors allows us to determine the intensity of capillary water intake, which is 
expressed in the quantitative definition of vacuum pressure in accordance with atmospheric pressure 
deficiencies. 

Based on the proposed simulation model, a physical relationship between the speed and height of the 
capillary movement was established. This method can be used to quantitatively measure the productive 
humidity in the active layer of soil and irrigation mode. 

Key words: evaporation rate, active layer of soil, productive water, meteorological factors. 
  

INTRODUCTION 
 

The first descriptions of the study of the evaporation process from the soil surface are derived from the 
beginning of the 20th century. The process of drying of certain soil layers by a number of authors was 
presented by means of three characteristic stages. 
 

THE MAIN PART 
 

The first stage of evaporation involves the starting momentum of atmospheric precipitation or ending 
momentum of artificial irrigation and evaporation intensity in this stage is determined mainly by the 
influence of meteorological factors. As for the dynamics of the water saturation in the active soil layer 
(aeration zone), we must estimate it in a manner similar to the seepage process occurring in a partially 
saturated porous and capillary body. 

The second stage of evaporation is characterized by an intensive drying of surface layers of the soil 
during which the water becomes steamy not directly on the surface, but extends to a certain depth. At the 
same time, the evaporation intensity is determined by the velocity of water overflow at the evaporative zones 
and the separation surface is characterized by a slight change in humidity in the upper drain layer. Since the 
role of the meteorological factors is much more important than the capillary potential of water, it is usually 
thought that the process of intensification in the second stage of evaporation is entirely determined by the 
velocity of water in the vapor-transformation area. 
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The third stage of evaporation starts when in the area of vapor-transformation the upward movement 
stops and gradually starts the intensive dryness of the upper layers of the soil. Evaporation intensity at this 
moment is significantly reduced and in the first stage, it is determined by the complex of meteorological 
factors. The presented schematic model of the qualitative description of the physical picture of evaporation is 
used universal recognition both in the former Soviet Union and abroad. 

Nevertheless, for the real natural geotechnical conditions, the variability of the meteorological 
properties complex within the day-cycle is characterized by certain specifications, therefore, the concept 
which is formed for the second stage of evaporation requires essential revision, which is of great importance 
to critical assessment of the existing models of evaporation of soil moisture, as well as the physical picture of 
the phenomenon to determine adequacy with them [1]. 

Let us consider the trivial case when in experiments the constancy of the main meteorological factors 
(solar radiation, air temperature, wind velocity, relative humidity and relative sun light) affecting evaporation 
are conserved, and the second of evaporation stage begins, which is limited by the continuous water flow in 
the evaporation zone. At this time the formation of the process of vapor-transformation is formed from the 
soil surface at a certain distance. After this, if we change the mentioned meteorological factors in such a way 
that potentially available evaporation will be significantly increased, then in the beginning the amount of 
water actually evaporated from the soil will be also increased, but after the transformation process will be 
completed, it will again equal to the rate of vapor-transformation and will depend on the capacity (thickness) 
of the dried layer of soil. When the water "inflow" mode is unchanged, then the evaporation rate will 
coincide with the initial intensity, even though the area of the vapor-transformation will be deeper into the 
depth. Meteorological factors, when they reach the initial values, can be assumed that the depth of the vapor-
transformation zone (border) will remain unchanged due to the hysteria of the process. 

In the proposed evaporation schemes, a paradoxical, but completely logical picture is observed, after 
the end of the first stage, the difficult transition process; this does not fall directly into the framework of the 
simple scheme of evaporation described above. 

Evaporation from the soil depends on the potential of water flow, as well as the complex of 
meteorological factors. In terms of their variation in time, to describe a more laconic form of the process, we 
call the combination of complex of incoming factors as "evaporability" and at the same time consider that 
"evaporability" is evaporation from the surface of fully water saturated soil. It should be noted here that such 
a term is not accurate, but its use does not generate misunderstanding. However, we also need to note that 
evaporability is meant evaporation, when water is delivered in the entire section of the evaporation surface 
(the contact plane) continuously. 

Description of the variability of the factors affecting the evaporation process during the day and their 
impact on the quantitative rate of evaporation was often a subject of some critical assessment for some 
researchers. As an example, for the evaluation of meteorological factors, analysis of the results of 
hypothetical experiments is used, according to which it is revealed that in the closed space the evaporation is 
higher than the possible potential velocity, that is equal to the potential velocity of water supplied from the 
bottom, then the evaporation velocity is equal to the fictitious velocity of supplied water. Increasing 
evaporation increases the duration of the vapor-transformation process. The proposed analysis aimed to 
evaluate quantitatively the impact of meteorological mono-factors on the evaporation in the case of 
determined local tests, which is obviously takes place in the case of different intensity in the formation of 
one and the same dried soil capacity in different times. 

Such prerequisites are not enough to create a model that reflects the dynamics of evaporation process 
taking into account the physical essence of the hardest stochastic event. This is explained by the fact that all 
existing models are based only on the formal side of the process and are less aware of the capabilities of the 
capillary phenomena and, in particular, the exponential nature of the capillary rising, which completely 
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excludes the possibility of quantitative evaluation of the one or another potential on the finite contours in the 
given area. At the same time it is necessary to note that the model of dynamics of the capillary rising process 
is not based on the formal or mathematical symbolism, but on the magnitude of the gradient determining the 
velocity rate in the capillary fringe, which is dependent and tied to some or other hydrophilic and 
mineralogical characteristics of the soil. 

The interpretation of the evaporation in the second stage by different authors is less clear and evident, 
since it is difficult to understand without any mechanical illustrative model. In order to overcome this 
difficulty, we have developed a model of velocity of capillary movement [2,3,4]. 

According to the design scheme, the gradient of the velocity of capillary movement is equal: 
 

Z
ZHHJ ,       (1) 

where J is the gradient of the velocity of capillary movement; H - height of capillary rising, (m); H - 
vacuum head, caused by wind velocity, (m); Z - coordinate of capillary meniscus, (m). 

According to the above it becomes evident that one of the strongest meteorological factors in the 
second stage, namely, wind velocity increases the evaporation intensity and thus increases the capacity of 
dry soil. It is known that the increase in the depleted layer should lead to reduction of evaporation. 

Conventionality and schematization of the description of the phenomenon is far from the actual 
physical picture of the process, however, it quite convincingly describes the synchronous mechanism of 
permanent supply of water in the depleted layer caused by the meteorological factor (wind velocity) [1,4]. 

At this stage of the study of the problem, we set the goal, according to the verified equation [4] 
proposed by us, to carry out a particular calculation of the velocity of the supplied capillary water, taking 
into account the aerodynamic pressure (vacuum effect). 

For the ideal model of soils, the velocity of water movement in the vertical direction in capillary 
fringe can be calculated accordingly by means of the following [3]: 

 

,
ln

kk

k
k h

Z
Zh

hh
K
n

Z
t
Z

     (2) 

where Z is an application of the capillary fringe, (m); t - time of capillary rising, (s); n - porosity; 
=Z/h - relative coordinate; hk - height of capillary rising, (m); K - seepage rate, (m/s). 

If we consider that according to the design scheme  varies from 0 to hk and mark, that ,
kh

Z
 

which varies from 0 to 1, then we will get: 
 

1
1ln

K
nt

Z
.      (3) 

If we take the following notation marks: a
n
K

and 

1
1ln

, then the average 

velocity of capillary movement will be described by the following equation:  
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aV .      (4) 

 
The differentiated assessment of the factors determining the vacuum pressure is not possible 

without special experimental and theoretical researches. In addition, it is noteworthy that the intensity 
of water supply at the certain stage of evaporation process does not depend on the distribution of the 
drying zone, although the air conductivity is obviously depending on the capacity of the drying zone. 

 
CONCLUSIONS 

 
Finally we can conclude that the model proposed by us will allow us to quantify the evaporation 

intensity in case of permanent supply of capillary flow, which will allow us to establish a productive 
water supply in the active layer of soil and thus irrigation mode in a certain interval of time. 
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ASSESSMENT OF A CONTEMPORARY STATE OF SALINIZED SOIL 
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Annotation. The article describes the importance of salt soil of the Alazani Valley for agriculture 
development  one of the strategic directions of the country; 

It provides as well performance indicators of salination of the Alazani soil according to the 
experimental observations made between 2005 and 2017 that are compared with existing data;  

It has been established that a salination process on the Alazani soil is carried out in an appropriate 
manner and there is no threat of secondary salinization. 

Key words: salinized soil, soil, salinization.  
 

One of the main directions of agriculture development strategy of Georgia is an increase of 
melioration and soil productivity. Based on climatic conditions soil melioration as well as construction, 
operation and control of irrigation and drain systems is an important field that should ensure to provide a 
necessary background for an intensive and effective agricultural industry.  

Georgia is a traditional agrarian country. A significant condition for its social-economic stability is to 
provide the population with food products and overcome poverty. The problem has become more crucial 
over the recent period.  

Agricultural use of salt soils is the most significant agricultural problems that should be paid an 
appropriate attention. This problem is important today because the soils mentioned above occupy 18,7% of 
the area to be cultivated. In East Georgia salt soils cover 205 thousand ha including the Alazani Valley 
(occupying 31 ha) that is distinguished by its heavy clay saline-alkali and low-land alkali soils that are 
difficult to cultivate and meliorate. Non-availability of natural drainage turned the part of the Alazani 

Mountain that as a result of drastic reduction of flow velocity is accumulated from the tail into in the 
transitional zone of a plain and afterwards penetrates through the upper layers of soil. Intensive water 
evaporation helps salt to accumulate in the upper layers of soil, i.e. a soil-forming process of meadow 
alkaline soil occurs.  

Salinized soils are situated on the right bank of the Alazani River as well as on the Iori Plateau, the 
Gardabani Plateau, the Eldari Valley, and Taribana. Cultivation of meliorated soils as well as desalinization 
of highly mineralized ground waters is quite a lengthy process.  

Based on the longitudinal research carried out by the Sakhydroecology and the Alazani Probationary-
Melioration Station a full cycle of melioration and cultivation of highly salinized and sodic, sodic-sulfite 
alkali soil is elaborated, approved and tested in progress that from 1970 was followed by a large-scale tillage 
of salinized deserted areas of East Georgia. Currently, the area of soils meliorated on the Alazani Valley 
approximately amounts to 17 thousand ha. [1,2]. 

Over the years on the areas mentioned above in parallel to soil cultivation, observations and industrial 
tests were being made in order to improve the technology of soil prewashing-down cultivation as well as to 
make the washing-down process perfect. During the cultivation process of the deserted areas it is very 
important to develop methods of irrigation that will ensure a heavy yield and further desalination of soil that 
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is implemented under the irrigation washing-down regime (operational washing-down and irrigation 
washing-down regime) [3,4].  

During this period due to the high volume of work as well as existing condition in the country 
attention for the test-drainage segment diminished to some extent. Therefore, from 2005 monitoring 
observations were resumed with a more facilitated scheme.  

The observations demonstrate that against the background of the existing parameters of the drainage-
collector network and appropriate agro-technical measures, it is possible to intensively cultivate the soils 
mentioned above that is proved by the data provided in the tables below (Table #1) where it is clearly shown 
that through the years the dynamic of reduction in injurious salts is observed apart from certain exceptions 
that cannot make an essential impact on the whole picture of soil rehabilitation. 

 
Table 1. Dynamic of soil-ground desalinization on the Alazani test-drainage segment 

Depth 
in cm 

 

Initial content 
of salts 
1952 

After 
washing 

down 1954 

Years of observations  agricultural cultivation period 

2005 2007 2009 2011 2013 2015 2017 

1 2 3 4 5 6 7 8 9 10 
0  25 1.09 0.032 0.240 0.180 0.190 0.120 0.140 0.130 0.156 
25 50 1.55 0.51 0.400 0.240 0.250 0.220 0.240 0.210 0.230 
50 75    0.350 0.340 0.320 0.330 0.300 0.330 

75 100 2.19 1.24 1.04 0.820 0.800 0.785 0.790 0.760 0.810 
Cl* 

0  25 0.097 0.008 0.005 0.003 0.004 0.004 0.005 0.006 0.007 
25-50    0.005 0.006 0.005 0.007 0.008 0.009 

50 75    0.004 0.007 0.009 0.010 0.013 0.014 
75 100 0.208 0.50 0.14 0.008 0.008 0.12 0.014 0.15 0.025 

HCO3
* 

0  25  - - 0.027 0.032 0.034 0.034 0.50 0.057 
25  50  - - 0.023 0.032 0.040 0.042 0.044 0.045 
50  75  - - 0.025 0.045 0.045 0.047 0.048 0.048 
75-100 - - - 0.050 0.060 0.070 0.071 0.080 0.085 

It is also observed a slight increase in solid waste in a 0  100cm layer that is caused by the fact that 
over the recent period due to the full destruction of the irrigation network an irrigation washing-down regime 
does not work. In fact, over the past 10-15 years agricultural plants have not been irrigated. Not only the 
water intake collector requires a full repair but the whole irrigation network needs to be reinstalled that due 
to the existing situation in the country was placed in junk, and all this as you know requires high finance.  
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SO4
* 

0  25   - 0.90 0.95 0.106 0.110 0.115 0.128 
25  50   - 0.101 0.103 0.107 0.119 0.125 0.139 
50  75   - 0.310 0.310 0.320 0.350 0.380 0.406 
75  100   - 0.500 0.515 0.520 0.550 0.590 0.626 
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Annotation.The article contains information about the main biometric characteristics used for quality 

estimation of nursery apple plants which are grown in different soil moisture ranges regulated by means of 
drip irrigation. The obtained results allow estimating various irrigation schedules and revealing the optimal 
ones that can be used for growing one-, two- and three-year old apple trees in nursery gardens of the 
Moscow region. Also application potential of differentiated drip irrigation schedule for growing two- and 
three-year old apple trees is outlined. The comparative analysis of irrigation schedules recommended for drip 
and traditional overhead sprinkler irrigation is provided in the article as well.  

Key words: drip irrigation, apple saplings, differentiated irrigation schedule, irrigation dose, planting 
stock quality. 

 
INTRODUCTION 

 
Drip irrigation is proved to be one of the most effective water saving and ecological methods of plant 

watering.Moreover, such an irrigation system can be fully automated. Proper scheduling of irrigation is 
critical for nursery trees since they have no roots when planted [1]. Also irrigation schedule contributes to 
production costs and environmental safety when highly-profitable crops are cultivated. Drip irrigation 
enables to maintain the optimum soil moisture level in accordance with biological water requirements of an 
irrigated crop. However, these requirements vary greatly depending on plant species that is why it is 
necessary to do research on each crop in order to find out the optimal soil moisture conditions and to develop 
the ideal irrigation regime considering the specific climatic conditions of different areas. So, this article is 
devoted to the development of optimal irrigation schedule for apple sapling grown in nurseries of the 
Moscow region. 

 
MATERIALS AND METHODS 

 
The field experiment was conducted in the nursery on the territory of the Michurin Garden which 

belongs to the Russian State Agrarian University and lasted for 3 years. One of the most popular apple 
varieties - BeliyNaliv(which is widely grown in the Moscow region) was chosen as the object of the 
research. The soil on the experimental plot is characterized as the one of the sod-podzol type with middle 
loam texture on the covering silt. According to the results of agrochemical analyses the soil is well supplied 
with nutrients (NPK). The average field capacity (FC) of the plowed layer (0 30 cm) on the experimental 
plot amounts to 33 % of absolutely dry soil weight. Fertilizers were applied in all variants at the same rates 
in correspondence with the recommendations.  

Four different irrigation treatments were used in the experiment, each being repeated three times, and 
every repetition included 25 average apple saplings.  

Drip irrigation allows maintaining soil moisture in quite a narrow range, thus, the scheme of the 
experiment runs as follows: 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL C MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONST  

25 27 August, 2017 

        c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
163 

1. I variant: soil moisture was maintained within the range 70 90% of FC, which means that watering of 
apple saplings started every time when the soil moisture content reduced to 70% of FC and ended up 
when it reached 90% of FC; 

2. II variant: soil moisture was maintained within the range 60 80% of FC; 
3. III variant  differentiated: in the 1styear of research  soil moisture was maintained within the range 

70 90% of FC, in the 2nd and 3rd  soil moisture was maintained within the range 60 80% of FC; 
4. IV variant (check)  without irrigation. 

For the field experiment a special drip irrigation system has been designed and installed on the plot in 
the nursery garden. The drippers have a self-compensating system guaranteed by a silicon membrane that 
minimizes flow rate fluctuations when the working pressure changes. The flow rate of one dripper is 3.8 
liters per hour. Besides, as plant roots grew the irrigated soil layer was increased, therefore, during the 1styear 
of experiment watering rates were calculated for 0 30 cm layer, during the 2ndyear  0 40 cm., the 3rd  0 50 
cm. Soil moisture content was controlled by means of tensiometers and moisture sensors calibrated on the 
basis of data obtained by gravimetric method. 

 
RESULTS AND DISCUSSIONS 

 
The obtained results on drip irrigation schedules were compared to the existing recommendations on 

traditional over-tree sprinkler irrigation used for watering saplings in nursery gardens of the Moscow region 
(table 1). In order to maintain soil moisture at the predetermined for each variant ranges the volumes of 

irrigation water applied were the following: I variant  1665, 1481, 1463 m
3
/ha in the 1st, 2nd and 3rd year of 

research correspondingly, II variant  1362, 731, 748 m
3
/ha, III variant  1644, 725 and 741 m

3
/ha (table 1). 

In the experiment the soil moisture after irrigation did not reach the level of 100% of FC, which helped to 
avoid infiltration of irrigation water down the soil profile into the layers underlying the root zone and to 
decrease its unproductive losses. So the volumes of water used which were mentioned the above were 
regularly applied at low irrigation rates, thus ensuring regular and equable humidification of the root zone. 
Irrigation doses increased along with the deepening of the root zone by 10 cm each year (from 30 to 50 cm 

for the three years of research) and on average amounted to 41, 47, 58 m
3
/ha in the 1st, 2nd and 3rd year of 

research correspondingly. Overhead irrigation is performed by means of much higher irrigation doses 300-

350 m
3
/ha, in this case water losses through infiltration and evaporation are inevitable and quite significant. 

Table 1 
Comparative characteristics of different irrigation schedules and  

methods used for watering apple saplings 

C
ha
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Drip irrigation 
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I variant (70-90 % FC) II variant (60-80 % FC) III variant differentiated 
Year of research 

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 
Irriga-tion 
demand, 

m
3
/ha 

1665 1481 1463 1362 731 748 1644 725 741 1500-
2100 

Average 
irriga-tion 
dose,m

3
/ha 

41 49 59 41 46 58 40 45 57 300-350 

Irriga-tion 
interval, 

days 
2 3 4 3 5 7 2 5 7 20-25 
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Irrigation intervals varied depending on weather conditions and irrigation schedule, in the I variant it 
fluctuated from 2 to 4 days, in the II variant 3  7 days, in the III variant  2  7 days, which in its turn also 
provides more stable distribution of moisture during the vegetation period compared to overhead sprinkler 
irrigation, when irrigation interval is usually 20 25 days. Short irrigation intervals afford better meeting the 
biological requirements of young apple trees for water, plants do not suffer from excess of water 
immediately after irrigation and the lack of water at the end of irrigation interval. 

It is necessary to outline the III variant (differentiated drip irrigation schedule) where savings of water 

for two years of research amounted to 777 m
3
/ha andfor three years  1500 m

3
/ha. 

As far as one and two year old apple trees cannot bear fruits, it is impossible to evaluate their quality 
by measuring the fruit yield, however, it is of greatest importance to use in orchards high-quality planting 
stock. The vigor of nursery trees directly depends on such parameters as stem diameter, plants height and 
leaf surface area [2]. Due to this fact during the investigation all above mentioned biological parameters 
characterizing the aboveground plant development as well as the quantity of appropriate standard planting 
stock were measured in order to find out the optimal irrigation schedule. 

Table 2 represents information on biometric parameters of planting stock obtained in each variant of 
the field experiment. 

Table 2 
Influence of irrigation schedules on the development and yield of apple planting stock 

Variant Plantheight, 
cm 

Stemdiameter, 
cm 

Leaf surface area 
of one plant, cm2 

The number of 
standard planting 

stock Yield, kg/ha 

% 
Thousands 
of plants 
per ha 

1st year 
I variant 135.8 1.78 1448 77 25.9 - 
II variant 115.7 1.63 1181 68 22.9 - 
III variant 139.9 1.72 1433 76 25.8 - 
IV variant 
(check) 100.3 1.30 892 39 13.1 - 

2nd year 
I variant 181.3 2.38 3997 75 25.3 - 
II variant 156.6 1.91 3145 65 21.9 - 
III variant 173.8 2.30 3715 74 24.9 - 
IV variant 
(check) 146.3 1.55 2899 37 12.1 - 

3rd year 
I variant 215.3 2.91 6033 75 25.3 154.4 
II variant 181.8 2.49 5199 65 21.9 103. 
III variant 213.7 2.88 5973 74 24.9 148.2 
IV variant 
(check) 169.3 2.23 4182 37 12.5 69.7 

 
The maximum plant height was recorded when soil moisture was maintained at the level 70-90 %FC: 

135.8 139.9 cm (1st year), 181.3 cm (2nd year), 215.3 cm (3rd year). According to the results maximum stem 
diameters, which influence afterwards the yield of fruit trees in orchards [3], were also registered in variants 
where higher soil moisture range was maintained (I and III): 1.72 1.78 cm, 2.38 and 2.91 cm. The largest 
leaf area surface is typical of these variants as well 1433 1448 cm2, 3997 m2 and 6033 cm2 
correspondingly. Moreover, it is important to note the differentiated variant where absolute values of 
biological parameters significantly exceeded the ones obtained in II variant setting aside IV (check) variant, 
despite reducing available soil moisture on the 2nd year of research to the interval of 60 80% of FC (table 2) 
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and were close to the ones obtained in the I variant. Minimal values were registered in the check variant. 
Besides, on the 3rd year of research young apple trees started to bear fruits, the maximum number of 
fructiferous plants was noted in the I and III variants  18% and 17% respectively, where the highest yields 
were obtained 148.2 154.4 kg/ha. The check variant without irrigation showed minimal values of these 
characteristics. The highest number of one-year old standard planting stock was obtained in well moistened 
variants 70 90% of FCand amounted to 25.9 thousand plants per hectare, as for two- and three-year old 
apple saplings then the best results were registered in the I and III (differentiated) variants 24.9 25.3 
thousand plants per hectare [4]. 

 
 

CONCLUSIONS 
 

These data allows assuming that nursery trees are more demanding to soil water content in the first 
year after planting since they do not have developed root system yet and suffer from the lack of available 
moisture in the soil. So for growing one-year old nursery trees in the Moscow region the most favourable 
wetting conditions are recommended when soil moisture content is maintained within the range 70 90% of 
FC. 

For obtaining two- and three-year old high quality planting stock the use of differentiated irrigation 
schedule is more reasonable, having formed under more intensive soil moistening in the first growing season 
young apple trees can grow properly even if the soil water content is reduced in the following seasons. At the 
same time such irrigation treatment allows saving resources, declining irrigation water requirements by 757 

 1500 m3/ha. 
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Annotation. In the article is used existing practical filtration calculation methodic for upper tier of 

combined drainage, which is located at the water resistant. This type of the drainage may be use for 
protection of productive soils from the logging with atmospheric precipitation. For arise affectivity of the 
drainage is necessary to conduct measure for arise water permeability at the upper half meter layer of soil. 

Key words: fissure drainage, combined drainage, filtration, soil. 
 

INTRODUCTION 
 

A practical task of the drainage amelioration is stating a distance between drains. For this purpose in a 
humid zone of European and the former Soviet Union countries, where a main reason of bogged soil is 
underground waters, filtration estimation of the regulating network were made considering provision of the 
necessary intensity of lowering of the underground water levels. Quite different situation is on The Colchian 
Depression. A reason of bogging-up of soils of heavy mechanical composition is plenty, long and intensive 
precipitations. So a main goal will be to decrease a period of flooding and water saturation of soil.  

Irrigation and exploitation of such soils showed in practice of The Colchian Depression and Europe 

create a necessary hydrological regime in soil. The growth of its effective action should be carried out by 
making the regulating network more frequent and using closed collectors. Besides from literature sources it 
is known that a combined-double-stage drainage systems are being tested in Sweden [1], Norway [2] and 
Russia [3], which is recommended for drying heavy clays, but implementation is delayed because of not 
having scientifically grounded parameters (the drainage distance between the upper and lower stages and 
filtration coefficient of the filling material).  
 

MAIN PART 
 

Combined double-stage drainage was tested on the experimental plot in Khobi region, where clayey 
soils of heavy mechanical composition and slight water permeability (with content of 60-80% clay and silt 
fraction) are spread. Signs of impermeability in these soils are seen from the depth of 15-20 cm, but from the 
depth of 50-80 cm an impermeable layer is started, saturated with attached water (Kf=0,00n m/day) and is 
water-resistant to the upper layer.  

The main point of double-stage drainage is that right-angled crevices of 10 cm of the width and 60 cm 
of the depth are cut at right angle to the closed tubular collectors. (Picture 1). In this picture there is not 
shown a depth filter of broken stone of tubular collector, which is arranged up to the bottom of the crevices). 
The distance between the crevices is 3 m, which is filled with sand and gravel mix up to 10 cm from the 
earth surface in order to provide a hydraulic connection between surface waters and cervices. There was 
considered the necessary condition Kg/Kf 20, where Kg is filtration coefficient of the surrounded clay 
ground and Kf - filtration coefficient of the filling material. So we have a combination of drains arranged on 
two levels: a lower stage from the ground surface  tubular closed collectors and an upper stage  crevassed 
drains with filler.  
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Picture 1. Doubled-stage drainage: 

1  crevassed drain; 2  closed tubular collector (perforated plastic pipe - d>100 mm); 3- a water-permeable 
layer; 4  a weakly water-permeable layer; 5  water-resistant layer 

 
Taking into account that the closed collectors of the lower stage arranged in the weakly water-

permeable layer are acting factually as closed collectors and the distance between them is 4-6 times more 
than the distance between the crevassed drains of the upper stage, it can be admitted that diversion of the 
whole excessive water will be done by crevassed drains. Besides the water flow regime in the upper stage 
drains must meet the condition of the maximal water diversion, which depends on the possibility of water 
permeability of the interface of the upper and lower stage drains. However if the interface node and the depth 
filter of the generally closed collector are filled with crushed stone, the filtration coefficient of which is many 
times more than that of the sand-gravel mix, in our opinion it is not necessary to take into account the 
possibility of water permeability in hydraulic calculations.  

while flooding by a regulating network, which would allow us to estimate seepage. But in our case when 
surface waters are taken and diverted by the crevassed drains of the upper-stage of the two-stage drainage, 
we can use a hydro-mechanical solution of V.V. Vedernikov, which determines the maximum charges of 
tubular drains during flooding [4]. After that calculation methods of V.I. Aravin and S.N. Numerov and 
calculated formulae were reduced to approximate ones for sufficiently exact practical calculations [5]. 

From the above reasoning according to the calculation method the corrected specific discharge of each 
drain is calculated by formula [5]: 

(q r)dr = H/  
  

Where: H  current hydraulic pressure m;  thickness of 
the layer to be plowed; [6] 

 - Filtration resistance, which is calculated by the following formula:  

 

where K is complete elliptic integral of first-order; - module of the complete elliptic integral of first-
order; D  drain diameter, which in our case is D=0.56P, where P is a perimeter of the crevassed drain filled 
with sand-gravel, D=0.56  m;  - crevice deepening from the ground surface (m); T  the 
thickness of the water permeable layer (m); , ,   be 
determined by means of the following expressions: elliptic sinus - ;sin,Fsn  elliptic cosines - 

;cos,Fcn  elliptic delta - 22 sin1,Fdn  , where F - elliptic integral of first-order; - 
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its amplitude;   module corner (  in radians to be turned into  degree); unknown module  can be found 
from the following equation: [5] 

 

where  - complete elliptic integral of first-order with an additional module: - the 
distance between the crevassed drains (m);  

 

 
 

So reduced specific discharge of each drain will be: 

(q r)dr = H/  = 0.48/0.19 = 2. 53 m 

The specific discharge of each drain: 

(q)dr= K (qr) d m2/reduced=0,05 53=0,126m2/day  

or 0,126 
 86400

1000
= 0,0014 l/sec.m.  

 - Filtration coefficient of soil-ground, m/day; 

Finally filtration discharge of drains from 1 ha area or drainage modulus of the drain will be:  

QQ = 1000/l (q)dr l/sec. ha =
3

10000
 l/sec. ha 

 

Load upon the drain mm/day  
In case when the crevassed drains of the upper stage are on the water-resistant layer ( ), then 

filtration resistance is calculated by the following formula:  

 
Designations and calculation way are the same as above. Therefore  

 
The reduced specific discharge of each drain will be: 

0.2
24.0
48.0)( drr

Hqr m 
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The specific discharge of each drain: 

(q)dr= K (qr) m2/day  m2/day 

or 
 86400

1000
= 0,0012 l/sec. m 

The filtration discharge of drains from 1 ha area: 

QQ = 1000/l (q) dr l/sec. ha. =
3

10000
4 l/sec. ha. 

Load upon the drain mm/day.  

In the central part of the Colchian Depression the amount of precipitations per day in any season of the 
year is often 500 mm. As it is seen modulus of drainage flow, depending on whether crevices are located on 
the water-resistant layer or not, is in the range of 4.7-47 l/sec. ha, which is acceptable and quite real in the 
conditions of the Colchian Depression opposite to the former norm of 0.65-1.07 l/sec. ha [8]. Apart from this 
the regulating network of the existed parameters is able to move off 40.6  34.6 mm/day or 81.2% or 69.2% 
precipitations off the earth surface.  
  

CONCLUSION 
 

The usage of double-stage drainage on the heavy soils of the Colchian Depression has its certain 
perspectives, as compared to the other traditional systems along with the reliability it also allows to manage 
the water-air regime flexibly and effectively considering peculiarities of climate conditions existed in soil-
grounds.  
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Annotation. Qualitative analysis and comparison of many more or less well-known formulas by silt-

carrying capacity definition of the thread held indirectly - on the background of sediment balance. 
Consistency of silt-carrying capacity of the flow or sediment balance is quite acceptable concept, 

widely used in solving different tasks on thesediment movement, including the bridge hydraulics. It gives the 
opportunity to conduct a qualitative evaluation of existing formulas and establish the relationship between 
hydraulic parameters oftwo reaches of the channel. Moreover, one of the sections has known 
characteristicsand the parameters of the second are sought for. 

Key words: silt-carrying capacity, sediment, flood, flow, parameter. 
 

INTRODUCTION 
 

While task solving of channel process related to a sediment balance are mainlypermittedthree 
inaccuracies: 

- first, the flood of solid matter or silt-carryingcapacity of the flow uses the dependence of a large number 
of existing recommendations. Meanwhile, none of the existing formulas for calculating the amount of 
alluviums with a hint of shortcomings. Naturally, all shortcomings of this formula are automatically 
transferred to the new development; 

- secondly, when using the sediment balance mainly are discussed channels with a rectangular cross 
section which allows to establish a simple connection between depth and width of the stream instead 
ofmore general connectionbetween the areaof passage and wetted perimeter; 

- thirdly, in the preparation of sediment balance in the quality of the channel reach, where the flow 
parameters are known, taken that onewhich is directly before the section of the channel, for which 
areacceptedthe decisions.This approach is inappropriate, especially for watercourses of a mountain and 
foothill areas, as is taken as the initial section of the stream often moves with ultimate fullness of 
aggradations. 

 
OBJECTIVE OF THIS WORK 

 
Based on that was madean attempt toconsider more deeply those conditions, which are subject to the 

constancy of the marginal silt-carrying or transporting capacity. Thus, the results of analysis of formulas for 
the calculation of solid discharge and flow concentration (covering the diversity of the movement of 
sediment) allowed establishing a generalized relationship between the parameters of the water cross- section 
[1, 2]. The performed researches sufficiently simplify different tasks on the movement of sediment and 
debris flows greatly increasing the reliability of the final calculations. 

It is known that the longitudinal gradient on the piedmont and especially mountain streams decreases 
quite sharply. And each section of the channel, depending on slope and other characteristics corresponds to a 
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certain value of marginal silt-carrying (transporting) capacity of S. In this case the calculated concentration 
of the PPflow corresponds to its QPbed formation flow rate and has a specific value which is setwell-known 
hydrological calculations. Hence the obvious conclusion that transporting capacity on any section of the 
channel with sufficient accuracy corresponds to an estimated concentration of flow. In other words, at this 
point the stream will move with marginalsilt-carryingcapacity [2]. All parameters of this section hereinafter 
referred to as  denoted  index. 

Then 0P SP                   (1) 
The values of these parameters (slope iO, transporting capacity So, cross-sectional wet areaAO and 

others) play a critical role in the assessment and analysis of the state of motion silt-carrying capacity along 
the length of the watercourse and, therefore, establishing the type of natural stream bed, the hydraulic 
calculation of structures, etc. 

Having considered silt-carrying capacityit is easy to see that the upper slopes, concerning 
marginalandreaches of the channel more than the slope io, and the bottom slopes  less io. 

Choosing the e  as the reference, we denote by ib.1, ib.2, ..., ib.n  upper slopes of them, 
and after iH.1, iH.2, ..., iH.n the lower slopes of the river channel (Fig. 1). For the transportingcapacity of the 
flow, respectively, will have Sb.1, Sb.2, ..., Sb.n and SH.1, SH.2, ..., SH.n.  

Keeping in mind that the calculated concentration of PPflow at  areais equal to its carrying 
capacity S  it can be concluded that the magnitude of the limiting silt-carrying capacityof the upper sections 
of the river channel is more than the calculated concentration S , i.e. 

Sb.1, Sb.2, ..., Sb.n> So.     (2) 
For the lower reaches have the inequality 

 SH.1, SH.2, ..., SH.n< So.     (3) 
Specified gives reason to the following conditions ofsilt-carrying capacity along the entirewatercourse 

length: 
 upper level movement occurs with concentration of PP, with less transporting capacity Sb.n 

(n=1,2,3,...);  
 movement to   comes with a transportingcapacity; 
 lower level movementin reaches occurswith concentrationPP, with more transporting capacity of flow 

SH.n (n=1,2,3,...). 
These considerations lead to the obvious conclusion that on the basis of the values io and S  are 

possible to establish two well-known types of natural streambed at the entire watercourse length: the transit 
zone (upper plots) and sediment zone (lower areas) (Fig. 1). 

Over time, with increasing of the predictedconcentration,   moves up, and 
withdecreasing down. A gradual increase in the length of the transition zone occurs at a constant value PP, 
because of the accumulation of sediments at the initial parts of the zone of the deposits, their grades and, 
consequently, transportinf capacity will increase. 

In the channel construction of hydraulic structures on the appropriate locations of watercourses, 
disturbed the balance of natural channel process, so that near the target structures excited intense channel-
forming loads of the phenomenon.Herewith, depending on the purpose of the structure and characteristics of 
flow, sediment, and river channels, in some cases, starts to develop a run of river erosion, in others, the 
sediment deposition (Fig. 1). After some time, reaching a certain level of development, these unsteady 
phenomena are fading, and the channel in this area takes on a new, almost stable shape of the longitudinal 
profile and plan. In most cases, under the new conditions the flow is uneven. Further received stream 
sediment transit pass through this area, i.e. the observed constancy silt-carrying capacity of flow (balance of 
sediments). 
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Fig. 1 Longitudinal profile of the stream diversion channel 
1-mudflowcheck dam, 2 -stabilizedsurface deposition aggradation 

 
A similar conclusion can come on the basis of known Exner-Velikanov continuity equation [3], which 

in the general case (non-stationary channel process), is as follows: 

,0
x

Q
t
A T

     
(4) 

where QT is the sediment discharge in the flow, 3/s;   the cross-sectional wet area of the flowing channel 
A=Z b, m2; Z is the height of wash away area. Obviously, at the completion of stream diversion channel and 
achievement of the stabilization period, longitudinal profile and transverse dimensions of the channel are the 
same, therefore ./ 0tA  Then, according to equation (4), we get:  

constP  .      (5) 
Therefore, solid flow rate (or silt-carrying capacity of the flow) and the length of the artificial channel 

are not changed. 
From the above we can conclude thatthe diversion stream channel processassociated with the 

establishment of waterworks, originate such run-of-river conditions, which provide transit silt-carryingflow 
with the concentration ofPPthrough this area. All parameters here are denoted without an index. It is obvious 
that the entire length of this plot the flow, similar to the   is subject to the condition 

PPS .     (6) 
Taking into account specified for mountain streams the condition of a constant silt-carrying capacity 

(balance of sediments) is the equation 

0SS ,     (7) 
where S  is the transporting capacity of the stream to   with a slope io. 
Equation (7) is valid for any location of the structurein relation to   
The sediment balance is often used in solutions of various tasks on aggravation motion, in particular, 

the hydraulic calculation of bridges, mudflow transporting channels and trays, mudflow check dams, etc. In 
this case equation (7) enables to establish the relationship between the hydraulic parameters of the cross 

section of two sections of the river channel:  and the newly formed (accordingly Ao, 0  and A ), 
using existing expressions for calculating the carrying capacity or solid flow. 

There are many recommendations to determine silt - carrying capacity of the stream, which is 
analyzed in detail in the works of M.A.Velikanov [3], P.O. Baljyan [4]. From the analysis of these works it is 
possible to draw the following conclusion: none of the recommendations does not cover all the diversity of 
forms of movement sediment in lessor more saturatedflow, in deformable and rigid channels. Based on the 
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above and given the diversity of existing methods for calculation of the amount of sediment, an attempt is 
made to reveal functional dependence: 

00AAf ,,       (8) 
Number of formulae can be reduced to the expression (9) [5] 

 

WRC
VS 2

3
,      (9) 

 
this can be represented in the form: 

W
iVconstS  ,      (10) 

Show the transformation that allows conducting the comparative analysis. Given the hezy formula 
replacing the hydraulic gradient, we get: 

WRC
VconstS 2

3

 .    (11) 

 
Using condition (7) can be written: 

.2

3

0
2
0

3
0

RC
V

RC
V

     (12) 

We introduce dimensionless quantities: 

00000000 C
CC

n
nn

A
1

V
VV

R
RR

A
AA

h
hh

b
bb ;;;;;;;  etc. 

Thus, for example, for rectangular channel we have: 

,hb
hb
hbA 0

00

     (13) 

,
2

h2b
h2b
h2b

0

0

00

    (14) 

 
where 000 hb / is known as hydraulic ratio. 

Equation (12) using the dimensionless quantities, is to mind: 

,12

3

RC
V

      (15) 

 

Replacing the dimensionless flow rate V and hydraulic radius R to the cross-sectional wet area and 
wet perimeter ,and determining the ratio Chezy's Manning, will receive: 

.3
13

3
42 An       (16) 

 
Under 0nn (i.e. 1n ), according to the expression (16) we get the dependence of and A for 

 and the newly formed areas in the form of: 

.4
13

A       (17) 
A under C=Coand taking into account (2.23), we have: 

.4A  
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Similarly, with the use of a number of expressions for calculating the valuesS  QTor all kinds of 
possibleconditions offlood  

(silt-carrying capacity) was received on the appropriate balance between anddiffering from other 
values for the exponent under A . 

In cases where 0nn and 0CC , the findings are used well-known expressions of Shtrickler 
Chang, nandigama speeds and others. Some results of these processing are presented in table 1. 

The designationsare standardized in the formulas of various authors. At the same time those values 
whichdo not change in the considered conditions (the value of g, the density of the sediment and flow, 
solidfall diameter, etc.) included in the concept of const  

Based on the analysis of theproceeding resultswe can conclude that despite the specificexpressions by 
definition of silt-carrying capacity (for suspendedload and bed silt, water and debris flows, hydraulic 
transport), as well as at the existing discrepancies between the results of calculations by these expressions 
(sometimes in several times), they are generalizing based on [2]. 
 

,aA       (19) 
 

In this expression the value of the exponent a represents a formula for calculation of silt-carrying 
capacityor the flow of sediment.Thus, despite the large quantitative discrepancy between the 
recommendations for calculation S or QT, the confidence range of the exponent a varies in the range from 2.5 
to 4.5. This shows that the existing guidelines for determining of silt-carrying capacity significantly differ 
from each otherin quantitative as well asin qualitative characteristics. 
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The proposed dependence (19) is applicable to all types of movement of sediment and shapes of 
channel cross sections, provided that there is consistency silt-carrying capacity of the flow. Passing to 
dimensional quantities, the expression (19) writes in the form: 

a

00 A
A

.     (20) 

Here it is necessary to agree the cross-sectional wet area Ao and the wetted perimetero of  
 with a slope of io. It is obvious that without setting their values does not make sense to talk about the 

use of dependencies (19) or (20). 
The calculation of their values for the given values of flow rate Q, the slope of the marginal section of 

the channel io, etc. is carried out according to the method of calculation riverbeds and channels, as described 
in Chapter 6. Meanwhile, the value of io  is determined and by calculation according to the expression (13) 
(the inverse problem), and on the basis of surveys, as the slope of the plot above which is located a transit 
zone and lower are zone deposits. Naturally, it is better both ways with the aim of obtaining reliable values 
for the slope of the io. Both methods, naturally, are reliable for obtaining reliable values for the slope of the 
io. 

For channels of rectangular shape generalized dependence (19) using expressions (13) and (14), is to 
mind 

.a
0

0

0 hb
2

2
h
bh     (21) 

 
After obvious transformations and defining 

,
a

1

0

1

1

0

2
2M      (22) 

where ,// hbhb1  will get 

.
a

11
0 b

Mh       (23) 

 
 Practically, acceptable values of the ratios 0  and 1 are easy show that the cup product in brackets 

and even more the value of Mis sufficiently close to identity. 

Then .
a

11
0 b

1h      (24) 

Taking into account of practical calculations for channels with a rectangular cross section instead of 
independence(19) we can use (23) or (24).In confirmation of the saying consider the following example: 
substituting 31a1 cp // and M=1, according to the expression (23) we have: 

.
3

2

0 b

1h      (25) 

Substituting the value of 0 the ratio of b0 /h0, and the dimensionless h  and b to the dimensional, get 

.
3

2

0
0 b

bhh      (26) 
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This dependence is well known in bridge hydraulics as a fairly reliable formula for calculating the 

depth of erosion under-bridge bed [6].  
 
 

CONCLUSIONS 
 

Based on the foregoing, it can be concluded that since none of the existing expressions for calculating 
silt-carrying capacity does not encompass the full rangeof sediment movements, for the solution of many 
practical problems, which observed the constancy of the carrying capacity, it is advisable to use a 
generalized relationship (19) or (24) with different values of the exponent and its confidence interval (2.5 to 
4.5). As a final calculation result is necessary tochoose the most unfavorable. This approach will allow to 
avoid errors related to the use of one particular expression. 

The research was performed under scientific theme 11-30/15TSCSRA. 
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Earth sciences 

SOME ISSUES OF CORRELATION BETWEEN TECTO-SEISMOGENIC 
LANDSLIDE-GRAVITATIONAL PHENOMENA AND EARTHQUAKES 

SYNERGIES IN THE CAUCASUS MOUNTAINS 
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Annotation. Despite the large flow of information in the field of geomorphology, so far insufficient 
attention has been paid to the role of the earthquake as a relief-forming factor, and use of geomorphological 
methods in seismology, especially large landslide-gravity phenomena in established tectonic disturbances 
and regional distribution areas for strong earthquakes. Meanwhile, the study of tecto-seismo-gravitational 
formations at the proper level and the establishment of areas of their geographical distribution gives 
significant information about the possibility of earthquakes in those territories where data on earthquakes are 
still not available. 

On the territory of Georgia, tecto-seismogenic landslide-gravity phenomena, which are directly related 
to earthquakes, there are more than one thousand. By the time of their formation, they are conventionally 
divided into three categories: 1. Geological period (i.e Pleistocene); 2. Holocene-Historical and 3. Modern 
(Last 300 years). 

Key words: Landslide, Geomorphology, Earthquake, Tectonics, Relief. 
 

In today's understanding of Earth Science does not represent a new conceptual idea that modern 
tectonic movements in the young wrinkle mountain system occupy the leading position in the formation of 
relief and its geodynamic condition. 

The Caucasus-Pontide Region is, first of all, the qualitative and quantitative transformation of alpine 
relief, the establishment of a new tectonic regime, the formation of basic morphological structures and the 
formation of hypsometric and barometric zones. At the same time begins to regenerate major tectonic 
disorders (especially prealpine deep faults) and new ones, mainly surface transverse disorders, faults, strokes 
and seismic dislocations. All this has led to the dismantling of large geo-structural units into separate lodges 
and karst-horst "mosaic" structures. All this led to the sharp increase of relief energy relief, formation of 
geophysical fields, activation of seismic processes and subareal volcanoes. 

It is estimated that the speed of vertical movements in Caucasus Mountains in anthropogenic was 4-5 
times higher than the average maximum speed of the whole neotectonic stage. Accordingly, the maximum 
amplitude in the central Caucasus segment comprises maximum amplitude of 4-5 km, and in the Lesser 
Caucasus - 3.0-3.5 km. At the same time, rates of the phase are significantly increased in the third - 
anthropogenic stage (the age of which is academic O. Milevsky defines 0.5 mln time), the Caucasus is 
estimated to be 1.0 km, and the Lesser Caucasus is determined by the first hundred meters. The maximum 
depth of the most recent sinks is in the Edge tub area: 2.5km in Kuban segment, 3.0-4.0km Tersk, 3.0km - 
Rioni, Mtkvari - 6.0-7.0km, and the Apsheron-Kobistan Pericline zone - 5.0-7.0km. These rates of vertical 
movements led to the block-break dislocation in the morphological structures of mountainous structures and 
the same stratigraphic block at different levels with different tectonic modes. In spite of the intense energy of 
deep erosion, the movements of the motion structures exceed the depths of rivers. Often the boundaries of 
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the boundary blocks and the different directions of movement are accompanied by live gaps that are 
accompanied by a gravity or compressive collapse that was subsequently filled with powerful alluvial-
lacustrine-glacial sediments. Many geo-morphological discrepancies of this kind are set in the waters of the 
main rivers of the Caucasus - Tergi, Baksani, Teberda, Adjaristskali and Chorokhi (Turkey) basins (2). The 
uneven blockade, morpo-structures is morphologically defined by the depth of the river gorges, with the 
inclination of the bottom of the valley with the alluvial sedimentary factions and power. Frequently river 
gorges are a step in hard rocks, rather than a nearby neighborhood, with more concrete rocks built into 
erosion processes. This type of morphological nature of the same valley logically answers logically that there 
is a "live" disorder in the neighborhoods in the same river valley, though it is often not geologically 
inhospitable. Similar tectonic disorders include relief micro-props (slopes and terraced surfaces of the same 
age, flats, valves, waterfalls, landslide-rock avalanche events), and also indicate that we deal with micro-
tectonic surface deformations. The modern seismic activity is most frequently seen in these tectonic 
disorders. 

Although geo-morphological science has accumulated significant information on endogenous 
communication between tectonics and relief, there is still little attention to the role of earthquakes as a relief 
factor, and the use of geo-morphological methods in seismology. In this respect, it is especially important to 
assess the large-scale landslide-gravitational phenomena and their correlation between tectonic disorders and 
the possible spread of earthquakes in spatial areas in the context of relevant geological environment. Also, 
the effects of seismogenic factors are not yet fully understood in the formation of waste of gravitational 
deformation, rock reaction and slope stability. It does not argue that seismic events are directly related to 
tectonic movements and that the most striking representation of modern tectonic motions is earthquakes, but 
what is the place where individual morphological structures are still in the process of formation of seismic 
effect still needs to be understood. Due to different spheres of transformation of geodynamic regime, it is of 
principle important to determine the timeless and accurate parameters of modern tectonic movements, as 
well as the dissemination of spatial areas of significant constituent earthquakes and exodynamic gravitational 
processes noble Issues. 

 Although much of the land space of the Caucasus region belongs to the high-intensity earthquake 
detection zone, but still not properly established a correlation between the interdependence of the latest 
manifestations of tectonic movements on the playing field, morpho-structures block formation and seismic 
activity, and, most importantly, a great seismic and gravitational emergence of the events when it is known 
that the vast majority of earthquakes associated with the areas, which are located at depths of 5-20 km 
borders, which further increases the risk of landslide-gravitational tectonic-seismogenic nature. In central 
segment of the Caucasus mountain Kazbegi-Jimaraikhokhi alpine-nival zone in 2002 on the riv. Genaldoni 
and 2014 the riv. Amal-Devdorak basins formed catastrophic mudflows, which caused more than 10 victims 
and the hundreds of millions of dollars in economic losses. 

In the study of modern geodynamic issues in the Caucasus, Elaboration of the rhythm of the vertical 
movements works processed by Lilienberg (3), Determine the rhythm of vertical movements of different 
types and rank modems - 1, 2-3, 5-7, 10-15, 20-25, 35-40, 50-60, 70-80, 100- For 120 years. According to 
the author, the rhythm of this kind in the XX century has suffered three times: two of these phases, one 
phase-sinking. In addition, it is important that the transition of the Caucasus and the Lesser Caucasus are not 
coincidental. Studies have shown that the agglutination periods of the South-East Caucasus earthquakes 
coincide with the general intensive phase (1950-1970). 

With the growth of vertical movements that increase seismic events and the development of slopes-
gravitational processes, it is practically approved on the Almaat geodynamic firing range, where the highest 
positive vertical movements (60 mm per year) were observed before large earthquakes (4). 



7th INTERNATIONAL SCIENTIFIC AND TECHNICAL C MODERN PROBLEMS OF WATER 
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONST  

25 27 August, 2017 

c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

TS. MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
179 

Tashkent earthquake in 1966 as well as the example it has been determined that when an earthquake 
centers are located close to the surface, their energy low magnitude earthquakes may be even higher in 
intensity than the calculated data was provided. This view is completely revealed Spitak 1989 (Armenia), 
1991 Racha, Phasanauri Barisakho-1992 (Georgia) and in Tbilisi 2002 earthquake caused landslide-
gravitational deploy geodynamic analysis of the assessment. At the same time clarified that the focus of the 
shallow earthquakes impact the effect of geological structures in the upper floors of the tectonically ashlil 
react more strongly rocks relax process and residual deformations even arise from a weak earthquake, which 
made conditions for the next intensive and extensive development slope-gravitational events. For example, in 
the waters of the Black Sea in 1986, forming 5 magnitude intensity earthquakes in the highlands zone 
activated landslide destroyed more than 400 houses. 

Thus, we can conclude that the morphogodiomic studies of the Caucasus are determined that all the 
strong earthquakes in the region must be caused by the motion structures that are in the area of the latest and 
revamped tectonic faults, and the large paleo - and modern seismic dislocations and slope-gravitational 
phenomena avoid the seismic tectonic zones, most of which retain some synchronization. 

While the Caucasus geomorphologic and geological issues, researchers are paying attention to the 
important seismic-dislocations and seismic-gravitational assessment, which laid the foundation for the study 
of 20th century 60-ies professors V. Sololenko and V. Khromovskim (5), and in this time have accumulated 
a lot of information morpo-dynamics and seismic-tectonics and the majority of them are contradictory and 
insufficient seismic processes and the basic rocks of landslide-generated large volumes of rock-fall 
phenomena generating union. They should be all recorded event coding on the map of dynamic conditions 
and the possibility of the formation of the time and place, "GIS system" specializing tectonic-seismic-
gravitational map. Surveys conducted in the Caucasus-Ponti and Central Asian Mountain regions assured us 
that the landslide and gravitational phenomena created in the main rocks (developed in hard rocks). 
Therefore, this kind of morphological phenomena is called "inside-slope-landslides". 

Tectonic-seismogenic landslide-gravitational phenomena are conditionally divided into three 
categories: 1) the geologic stages of the Pleistocene period; 2) Holocene - a historical period; 3) Modern 
stage (the last 300 years period). 

Today's level of knowledge allows only a certain probability to determine where and how strong 
earthquakes can occur if we have statistical information on the geographical space and the geological 
environment. But if we do not have this kind of information then we are forced to consider the possibility of 
seismic hazards of a given territory. But if we make the above-mentioned specialized tectonic-seismic-
gravitational map, then this kind of geomorphologic phenomena as natural indicators of value to us is still 
unknown territory geographically within the palaeo- earthquakes and historical conditions and their expected 
return period risk determination, and, on the other hand, will help us to live Tectonic fault (especially local), 
which are geologically difficult to be mapped. 

Tectonic-seismogenic phenomena according to the mechanism of origin are quite different from all 
other genetic types of landslides. Types of tectonic-seismogenic landslides are characterized by 
azonallocalization, such as the "regional misinformation" of the main ridge of the Caucasus and its co-
wrinkle slope; "Surami-Gokhschuri-Chokhatauri", which separates each other from the Ajara-Trialeti fold 
system and the western slopes of the sloping zones; "Zhinvali-Orkhevi" thrust fault, which disassembles the 
Flisch-Terigenal sediments of the Eastern Caucasus from the Neogenemolasses structures. Special attention 
should also be paid to the tectonic zone of the Racha-Lechkhumi synclinic depression, mainly the barrier and 
the third-tailed marine sediments of the territorial sea carbonate rocks. There are several dozen villages 
(i
Surmush, Laila etc.), and most importantly in many of these last centuries; For example, the Kldisubani 
tectonic-seismic-gravitational landslide came into active dynamics in the XX century in 1926, 1942, 1956, 
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1960, 1972, 1977, 1987 and 1991. F. Sololenko and Khromovsky (5) link these Landslides to Achigvara 7-
magnitude earthquake in 1957. The landslide-gravitational morphological forms of linearly located in the 
foothills of Samegrelo must be connected to the seismologically active zone of Poti-Abedagi. 

Seismogenic gravitational effects due to the diversity of landslide-generated rock-fall processes should 
highlight the local seismic-generation tectonic fault effect, which is very impressive in Central and Eastern 
Caucasus Mesozoic flysch formation tectonically strongly disturbed. 

At present, the area recorded several thousand tectonic-seismic-gravitational phenomena (Fig. 1). This 
kind of landslide-gravitational phenomena areas and volumes are mostly large, for example: village Gordi 
rock-avalanche-landslide, which is located in the riv. Tskhenistskali basin occupies more than 30 km2, while 
Landslide developed in riv. Adjaristskali occupies 10km2 (area between Goderdzi pass and village 
Danisparauli), Gombori landslide occupies area of 15km2. Large range of uncertainty as well as their deep 
deformations (two dozen meters to 250 meters) and volume -Several million from 250 m3. 

Impact of earthquake factors on the triggering of technogenic landslide-gravitational phenomena will 
be differentiated and depending on the degree of tension of tectonic slopes and dynamic conditions of its 
geological environment in the areas of disruptive zones. 

1. Under conditions where the slopes are preliminarily determined by high tension of seismographs, 
they are instantly reacting to their sustainability as a "factor of power" and generate large landslides and 
rock-avalanches. There are classic examples of the 1991 Racha landslide in Sachkhere district of Khakhieti 
landslide when the whole village was buried (Fig. 2), in Oni district, Beloti landslide, such events are 
hundreds (2). In the second case, the seismic vibrations of various energy, related to geo-dynamically 
strained morpo-structural blocks, are constructed with different stratigraphy-lithological composition and 
physical-mechanical properties result in slopes from the marginal equilibrium and create real conditions for 
landslide-gravitational events intensive for activation. For example Danisaparauli landslide in Adjara, which 
was triggered by Spitak earthquake transit waves in 1989 (Fig. 3-4). 

 

 
            Fig. 1. Riv. Aragvi gorge (village Chiriki, Dusheti)            Fig. 2. Khakhieti Landslide (Sachkhere) 
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Fig. 3-4. Danisparauli Landslide (Khulo municipality) 

 
The 1991 Racha earthquakes not only triggered hundreds of thousands of new landslides creation and 

activation of old landslides, but also slopes in such a critical tension that the dynamic activity of landslides 
has been observed every year. 

It should be noted that in the Caucasus and in particular the regulation of seismogenic Geo-structures 
in Georgia, seismic intensity increase and the recovery of tectonics mesmerizing landslide events and their 
repeated reboots are observed from the 40s of the 20th century. Special danger is the seismic structural 
morphological units, which are occasionally regenerated with low seismic energy conditions. For example, 
Landslides in the Kvirila basin in Itskisi and Itavaza area (Sachkhere municipality), In riv. Rioni basin, the 
villages of Kldisubani, Lailashi, Tvishi, Chkhuteli and the Racha-Lechkhumi Syncine Boards. 
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Annotation. The paper considers the methods of qualitative-criteria evaluation and prediction of the 
degree of water pollution of the rivers of the Black Sea basin and gives a flow chart of the ecological-
ingredient system of the Black Sea with decision-making and regulatory functions. The methods given in the 
work consider the damage inflicted to the environment and public health for different levels of hazard of the 
environmental pollution risk: when d  [0,20-0,37] - 
or d  [0,37-0,63] - -criteria evaluation of the 
degree of water pollution of the rivers of the Black Sea basin can be identified by means of recommended 
methods given in complex, in line with the values of ingredients characterizing the pollution, based on the 
probability and descriptive modeling.  

Key words: Black Sea, degree of pollution, ecological-ingredient system, risk of environmental 
pollution.  

 
INTRODUCTION 

 
The problem of protecting the river water ecosystems against the pollution shows certain opposition 

with the achievements of the technical progress. The development of the policy against the water quality 
deterioration plays a decisive role in the technical-economic and social-cultural achievements of any country. 
The water quality management needs solving such problems as guaranteeing the water quality in a given 
ecosystem at minimal expenses and development and realization of the action plan necessary for the 
realization of the former goal. The pollution of the river water means the deterioration of its biosphere and 
ecological functions. As the water gets polluted, its physical and organoleptic features change (seen in the 
changed transparency, color, odor and taste) evidenced by an increase in the content of sulfates, chlorides, 
nitrates or heavy toxic metals in water, decreased water-solved oxygen and presence of the elements of 
radioactive substances, viruses and various microorganisms causing diseases and other polluting ingredient-
components. In general, water can be polluted with more than 400 substance-ingredients. Out of polluting 
ingredients, sanitary- epidemiological, sanitary-toxicological and other common sanitary indicators are 
notable. Even if one of them exceeds the maximum admissible concentration (MAC), the water is considered 
polluted. Polluting substances may be chemical, biological or physical. The most common type of chemical 
pollution occurs with the oil and oil products, as well as synthetically active substances, pesticides, heavy 
metals, dioxins, etc. Particularly hazardous is biological pollution, e.g. pollution with viruses and different 
microorganisms causing diseases. 
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 MAIN BODY 
 

On the background of the above-mentioned types of pollution, the monitoring of the ingredients is 
considered as an information system with multiple goals of observation and evaluation of the water 
ecosystems and decision-making (See Figure). The subject of study of this system is the multi-component 
objects of natural water, their structure and linked phenomena as a complex system, which studies and fixes 
the nature of dynamic change of natural, anthropogenic and technogenic pollutions [1]. Thus, ingredient 
monitoring means solving the problems of evaluation and prediction of the degree of the river water 
pollution with the aim to ensure the environmental safety. Therefore, the goal of construing the 
environmental-ingredient monitoring system can be generally formulated as an information system to 
prepare and support the managerial decisions about environmental safety and identification [2]. Fig. 1 shows 
the flow chart of the proposed ecological-ingredient system with decision-making and regulatory functions. 

 

 
Fig. 1. Flow chart of the general environmental-ingredient monitoring system 

 
The less the boundary value of the normative-ecological index of the ingredient pollution, the more 

the qualitative state of the water ecosystem is. Maximum admissible concentration (MAC) is the maximum 
concentration, at which an ingredient (component-substance) does not have either direct, or indirect impact 
on public health (when acting on a human body for the duration of life) and does not deteriorate the hygienic 
conditions of water use and at the same time, does not have an adverse impact on the sea biodiversity. 

Maximum admissible concentrations of the polluting substances in the water ecosystem show the 
concentration of the substances, above which their use is unacceptable for one or more consumers. It is 
known that the level of hazard of an ecological state, in accordance with the degree of undesirability, can be 
classified as follows [3-6]:  

 entration of harmful polluting substances 
does not exceed the MAC rated index.  

 
exceeds the MAC index by 50 times or more, and 
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As per the existing situation, out of the approaches of analysis to assess the degree of pollution of 

the degree of chemical pollution of the river-water (chemical pollution index (CPI-10) and others). It should 
be noted that the calculation of CPI-10 value needs the values of at least 10 chemical pollutants what can be 
considered as a disadvantage to use it in practice (making it impossible to use this method if less ingredients 
are known).  

The proposed methods can be used to achieve the goal by using any combinations of the parameters of 
the ingredients in any quantities. With this purpose, in order to identify the chemical pollution of water, we 
recommend the use of a certain type of descriptive models allowing identifying the degree of water pollution 

[5-8], in particular, d  [0,20-
and d  [0,37-   [0,63-1.00] corresponds 

red methodology is the possibility to do an 
integrated (general) qualitative assessment of water pollution in line with equally divided scale gradations 
with any number of combinations of D rivers (demonstrating the universal nature of this approach). 

Qualitative-
dimensionless desirability and descriptive modeling [7-9], in line with the degree of the ecological risk 
hazard is given in Table 1.  

Tab. 1 
 scale data of water pollution 

 
 

 
Gradations of 

of dimensionless 
desirability 

Qualitative-criteria evaluation of the degree of the river water pollution by 

modeling [5-8], in line with the degree of the ecological risk hazard 

1 d  [0,20-0,37] 
 

(can result in human mortality) 
2  [0,37-0,63]  
3 d  [0,63-1.00]  

 
It should also be noted that there are no general methods to evaluate the environmental risk and in 

different cases, the elements of the probability theory can be used. Following the ecological reasons, the 
priority is given to the evaluation of the risk of the human health deterioration. The risk of certain events is 
associated with the expected material loss, while the risk indicator is associated with the human safety 
resulting from the impact of harmful factors of a human and surrounding environment. Some hazardous 
factors causing the pollution of the river water ecosystem are the deterioration of the physical, chemical and 

, or 

adverse ecological factors for a certain time period with the rated values of the intensity of these factors. As 
it is known, human safety results from its scientific, technical and technological standing and developmental 
potential. Such standing has a stochastic nature and is determined by a number of causal events. We can 
make a similar judgment about the public health safety, and protection and environmental safety of the 
rivers. Besides, the pollution of these objects is associated with intense impact of anthropogenic and 
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technogenic factors, which, as mentioned above, in some cases lead to the severe degradation of human 
health (sometimes, with a lethal outcome) and esthetic damage.  

Following the above-mentioned, it is expedient to determine the possible level of ecological risk 
hazard (as an alternative of CPI described above) by presenting it as a product of three probabilistic 
components:  

321 RRRR  ,                                                                        (1) 
where R is the possible level of ecological risk hazard, or the probability of inflicting certain damage to 
water ecosystem; R1 is the probability of a phenomenon to occur causing the formation and action of harmful 
polluting factors; R2 is the probability of formation of the concentration field of harmful substances caused 
by seasonal loads of human impacts and in different fields of biosphere; R3 is the probability that the given 
loads and field of concentration of harmful substances will lead to certain damage.  

Certain damage is understood as a negative outcome of adverse factors as well as a long-term 
environmental outcome. A negative outcome means the deterioration of human health, including a lethal 
outcome for fauna inter alia, etc. As for another kind of damage associated with a long-term outcome, it 
causes negative changes of the ecological environment (disharmony caused by the degradation of the 
ecological values, degradation of its vitality, extinction of some plant species, flora and fauna degradation, 
etc.).  

Unfortunately, total ignorance of the connections between the dominant factors often causes ambiguity 
regarding the right kind of calculations to be done for the given kind of damage. In this connection, the kind 
of probabilistic calculation determines the concrete kind of technogenic or environmental damage.  

Thus, the same source of technogenic safety can be evaluated with two probabilistic values: the 
technogenic risk and ecological risk. In identifying this value, the probabilistic parameters R1 and R2 in the 
formula given above will be common. As for probabilistic parameter R3, its formulation is based on a certain 
expert opinion and peculiar methods of determination.  

The given methods to assess and analyze the technogenic and ecological risk of surface water and 
other objects associated with the identification of R1, R2 and R3 probabilistic parameters, is not universal 
with its essence, but will be acceptable in specific cases as an effective means of variant probabilistic 
calculation and analysis.  

It will be expedient to apply the developed methods for probabilistic identification of the degree of the 
ecological risk hazard to the solution of problems of the environmental impact assessment (EIA), such as 
monitoring of the surface waters (rivers, lakes, water reservoirs, etc.) pollution, evaluation of impact of rivers 
on the sea pollution, protection of the sea coastline against washout, water-supply (water drainage and the 
like), in particular, 1) identification of the possible impact of rivers on the sea pollution, 2) planning and 
realization of the design and rehabilitation works of the water-supply and water-drainage (sewage) systems 
of cities and settled areas, 3) unfortunately, at present, due to the absence of the perfect treatment plants in a 
number of towns and settled areas, the domestic, economic and fecal water masses from houses are 
discharged into the water reservoir virtually untreated causing irreversible environmental damage to the 
adjacent flora and fauna and posing particular danger to the human health. In order to remedy the situation, a 
requirement for gradually designing and building discharge water treatment plants in every town and settled 
area, by considering the EIA factor for adjacent areas, is to be incorporated in the legislative document of 
environmental impact assessment (EIA) in a regulated manner. The methods to determine the level of 

recommended similarly.  
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CONCLUSION 

As there are no single methods to evaluate the environmental damage caused by the river water pollution 
(and normative methods sometimes yield incorrect values), the damage inflicted to the environment and 
public health (with d  [0,20-0,37] corresponding to the Catastrophic, 
and d  [0,37-
methods recommended to use in complex, probabilistic and descriptive modeling, according to the 
ingredients characterizing the pollution.  
In terms of sustainable regional development within the river water ecosystems, by observing the 
environmental standards in line with the environmental laws and normative documents will help:  

 The reduction in the complex environmental pollution and maintenance of the biodiversity of the 
Black Sea.  

 The ecological safety of people.  
 The rational protection and use of water resources.  
 The genetic maintenance of the human, flora and fauna funds.  
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Annotation. This following article discusses the problem of energy-efficient construction, which is 
generally more expensive than traditional buildings, so there are psychological barriers before deciding to 
implement them. Despite the significant increase in investor awareness in this area, the knowledge of the need 
and benefits of using such solutions should be constantly disseminated. The change in building standards is 
due to changes in building regulations, the use of various forms of financial support, the need to reduce CO2 
emissions and other pollutants. Various types of promotional and educational activities increase public 
awareness of the positive effects of building energy efficient buildings. Promoting energy-efficient 
constructions is intended to disseminate and disseminate the idea of energy conservation and its impact on 
local and global scale, as well as on the benefits of energy and the protection of the atmosphere. Promotional 
campaigns are being launched to promote passive buildings, energy-efficient buildings and the use of 
renewable energy sources. These campaigns are based on the creative idea of demonstrating that energy saving 
and the use of renewable energy sources can reduce the operating costs that can devote to many different 
consumer goods. It is assumed that this way of promotion will convince many investors to build their own 
home with the ability to take out a loan and repay the savings by minimizing the cost of living. The proposed 
action involving a wide range of tools affecting the public is part  

Key words: energy-efficient constructions, social marketing. 
 

INTRODUCTION 
The prospect of a sharp worsening the construction standards for energy efficiency of buildings in future 

requires activation of all sorts of actions and activities aimed at the preparation of all parts of the investment 
process for a new challenge. 

Various types of advertising, clarifying and educational activities increase the level of public knowledge 
of the population about the positive consequences of the construction and modernization of buildings, which 
should lead to significant improvements in energy efficiency construction. Today, in Poland there is gradually 
increasing interest in certification, confirming that the building is energy efficient and uses a minimal amount 
of energy or the media as opposed to traditional buildings. Promotion of energy-efficient construction consists 
of dissemination and promotion energy-saving ideas, which ultimately have a positive impact on the 
environment locally and globally, and show the advantages of not only energy, but also economic, 
environmental, including human health, and social areas. 

 
The impact of construction on air pollution in Europe and Poland 
Production of energy and above all the heat in the construction sector in Poland is responsible for air 

pollution very dangerous dusts and chemical compounds i.e., PM10. PM2.5, B(a)P.  
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The biggest impact on the level of air pollution with PM10 is generally low emissions from sources 
associated with the combustion of solid fuels for heating and household. Emissions from this source category 
have the largest share in the national emission 49%. Similarly, the situation with the issuance of PM2.5 into 
the atmosphere in Poland is shaped. The scale of pollutant PM2,5 emissions from different sources is shown in 
Figure 1. Approximately 56% of the air pollution of PM2.5 dust in Europe in 2014 comes from commercial, 

 

 
Figure 1. Emissions PM2,5 dust in the EU-28, share by sector group in 2014 [1]. 

 
It is affected by fuel combustion processes outside the industry. Emissions from these processes are 

approx. 50% of the total emission of dust from the area of the country. This category has the largest share of 
emissions from the municipal sector, including primarily related to the heating of buildings. 

The main source of emissions of B(a)P to the atmosphere in Poland is individual heating of buildings. 
Emissions from these processes are approx. 78% of the total national emissions of B(a)P. The highest 
concentrations B(a)P are recorded in Poland (fig. 2) [2]. 

To reduce low emission communal household appliances (category: fuel combustion processes outside 
the industry) may result in a range of educational activities, administrative, organizational, tax, etc., including: 

1) raise the level of ecological knowledge of the population to promote ecological behaviour; 
2) promotion the replacement of furnaces and solid fuel boilers other heat sources less burdensome for the 

environment; 
3) promotion the modernization of individual heating systems; 
4) supporting the thermal insulation of buildings, among others, through financial support; 
5) promoting energy-efficient construction and passive; 
6) promoting the construction and use of renewable energy sources; 
7) introduction of the ban on the use of solid fuels for heating buildings and water heating in selected areas 

with the simultaneous implementation of the system of financial support the reconstruction of the heating 
system; 

8) introduction to the rules of public order ban waste incineration plant leaves grass clippings and weeds; 
9) enforcement of the ban on waste incineration in furnaces domestic boilers, stoves, fire pits; 
10) conduction of appropriate tax policies to encourage the use of less harmful fuels [3]. 
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Figure 2. Annual emission concentration B(a)P in Europe in 2013 [2] 

 
The buildings in EU use approx. 42% of all energy. In turn, approx. 85% of the energy consumed by 

buildings is the energy associated with heating and hot water preparation. If we add to this electricity 
associated with cooling the air in buildings, this value reaches approximately 90% [4]. It is assumed that by 
2050 energy consumption in residential buildings will decrease by 29% and the public buildings by 18%, com-
pared with 2010 [5]. 

Most of the residential buildings use boilers for solid fuels, coal and wood, for heating rooms and hot 
water (fig. 3, 4). This contributes to the emission of considerable amounts of B(a)P and other pollutants. 

In Poland, the much higher proportion of the energy consumed by buildings and services is accounted 
for 49,1%, 24,4% in industry, 26,5% in transport [7]. The next planned change of technical regulations on 
energy efficiency of buildings, which will take effect on 1st January 2017 exacerbates the demand for energy 
efficiency  especially in the case of new single-family and public buildings. It must be emphasized that every 
year in Poland, there is introduced about 80-90 thousand buildings [8] that require a serious approach to the 
problem. 

According to the latest changes requirements for determining the energy certificate of the building, 
except for the indicator of EP it is necessary to calculate the emissions CO2 gas and the percentage of energy 
consumed from renewable sources. However, for the last two parameters of the building regulations do not 
specify limit values. 

In the Directive EPBD and later in the construction regulations the definition of a building with almost 
zero energy consumption appears. This type of building should become the norm in beginning of 2021, and in 
the case of buildings occupied or owned by the state or local government should become norm in 2019. 
According to the Directive these are buildings with a very low or almost zero primary energy consumption. 
That energy must be generated to a large extent, from renewable energy sources. Based on this definition, a 
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building with almost zero energy consumption-technically means 0 kWh/(m2a) rate of consumption of non-
renewable primary energy EP [9]. 

 

 
Figure 3. Heating systems in households according to heating techniques in Poland [6]. 

 
Figure 4. DHW heating in households according to heating systems in Poland [6]. 

 
In 2013, in Poland there was introduced the first program of subsidizing the construction of low energy 

houses in standard NF 40 and passive buildings in the standard NF 15. The symbols indicate the maximum 
level of final energy consumption for heating of 40 kWh/m2a and 15 kWh/m2a. Investors can get a grant in the 
amount of 30 000 and 50 000 PLN for single-family houses or 11 000 and 16 000 PLN for the apartments. To 
get a grant there is a need to fulfil a number of requirements, including insulation of external barriers of the 
building [10]. 

There has also been developed the document in the form of a national plan to increase the number of 
buildings with low energy consumption [11], indicating big business existing conditions and opportunities to 
achieve economically viable energy efficiency of buildings. In addition, the plan represents the actions of the 
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government in order to improve the design, construction and reconstruction of buildings to improve energy 
efficiency and increase the use of energy from renewable energy sources in new and existing buildings [11]. 

One of the characteristic trends of designing modern buildings called green buildings is the 
consideration of various environmental aspects. The energy efficient buildings which are close to green 
buildings with minimal consumption of energy generate a very low emission of fuel combustion products. 
According to a recent report [12] that represents the results of the analysis of the status and forecast of 
development of green building in 69 countries, over the next 2-3 years there will be a double increase in the 
number of buildings which are characterized by a minimal negative impact on the environment. Experts 
predict that in 2018 in more than 60% of building projects the green building features will be applied. It 
mainly concerns the new and modernized office and public buildings for which the investor tries to obtain a 
certain environmental certificate. 

In the Polish construction there are mainly two systems of multi-criteria environmental certification 
used: the British Breeam and American Leed. As follows from the report [13], in Poland there were 249 
certified office buildings 
environmental certificate are located in Warsaw (126), Krakow (26) and Poznan (17). 

 
The results of a survey of public opinion in the field of energy efficient construction 

The results of surveys conducted in recent years on energy issues of buildings are very interesting. Most 
of Poles have rather low level of knowledge as far as energy is concerned. It mainly concerns the use of energy 
for the building in period of exploitation of the building and the influence of these processes on the state of the 
natural environment. Many people cannot properly assess how much of the energy is used for heating. From 

 of respondents 
indicated that most energy is consummated by industry and by buildings only 18%. 

To the question, what percentage in consumption energy is the energy for heating the apartment/house, 
 to 20% of all energy consumed by the building. 23% 

of respondents did not answer this question. Approx. only 16% of respondents were close to the truth [15]. 
To the question what most affects the use of energy in the apartment/house: 32% of respondents 

indicated heating, 46% lighting and electrical equipment, 8% heating hot water, 7% fuel for cars and 7% were 
unable to give an answer [14]. 

Despite the growing awareness in the sphere of energy saving building the owner of the building rarely 
takes action associated with a reduction in energy demand for heating and ventilation. 

Every tenth Pole has energy-saving equipment, and the most popular are relatively new, energy-saving 
televisions (68%), washing machines (65%), laptops (49%), kettles (49%) and the least popular are energy-
saving components and heating systems (7%) [16]. From a report on the Polish energy sector, the majority of 
respondents (87%) say that they try to conserve energy, particularly electricity. As the main reason of its 
solutions they indicate the financial conditions [17]. 

relatively not many Poles approx. 19% of respondents indicates heating as the most energy-consuming 
operational process. 51% of respondents as the most energy-intensive indicated electrical appliances, 14% to 
heat water and 13% lighting. For comparison with earlier surveys it shows that the consciousness in this area 
has not changed significantly [18]. 

Public opinion s
still consciousness in the field of energy efficiency in buildings remains unsatisfactory. More than half of 
Poles do not know that the most energy in their homes is spent on heating (only 24% of respondents indicated 
heating), 46% of respondents said that the most energy in their buildings is consumed by appliances [19]. 
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Another survey which was conducted in the same year showed that 86% of Poles indicate that energy saving is 
only connected with the reduction of electricity consumption. 

 
The use of social marketing to promote energy efficient construction 

Many popular social-oriented strategy, although widely spread, has not received not only a single 
definition. Among them the increasingly popular tool of influence on public consciousness is the form of 
social marketing. 

Social marketing involves the use of methods of commercial marketing for the analysis, planning, 
implementation and evaluation of programmes that affect intentional behaviour of selected groups of 
consumers, in order to enhance human wellbeing and the state of society. Social marketing uses planning 
process and applies the principles and methods of traditional marketing. It focuses on change of behaviour, 
and is designed to benefit the society. The concept of social marketing includes public service announcements 
and other besides advertising methods of influence. Mission of social advertising is to convince or dis-courage 
the audience to a particular idea or behaviour. Other activities are aimed at facilitating the implementation of 
new approaches and behaviour of the message recipient. Public campaign is the orderly in time operation 
using the tools of marketing, in particular advertising and Public relations affecting the changing attitudes and 
way of thinking. This, in turn, leads to the solution of social problems that block the achievement of the 
common good, defined as marketing goals. 

The famous project promoting energy saving energy building has been carried out in Germany in Berlin. 

showed in the figure 5. 

 

  
a) Germany - Berlin       b) Poland 

Figure 5. Example of social advertising in Berlin and Poland. [20] 
 

Contrary to appearances, advertising pillars and buildings dressed in distinctive red hats is not an 
exhibition of large-size needlework, and part of an unconventional outdoor campaign, which has established 
itself on the streets of German cities. In this way, it urged the Germans to reduce carbon dioxide coal. 

The aim of the campaign was to raise awareness of recipients, how important is the relationship between 
CO2 emissions and heating in the house, and thus how to make home more energy efficient. This interesting  
both visually and substantively  advertising campaign is a great idea for the unusual use of public space for 

 
Festive start of the campaign took place on one of the main streets in Berlin  Unter den Linden. 
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patronage of the campaign was covered by the German Ministry of Transport, Building and Urban 
Development (BMVBS). 

 
Table  

Marketing challenge 
The predominant target 

audience 
Implementation 

Stimulating the construction of 
buildings in passive technology, 
energy saving and use of 
renewable energy, by creating the 
conscious action of the 
profitability of this investment. 
This solution is more ex-pensive 
than standard, but it should 
quickly pay off due to lower cost 
of operation. 
The client was waiting for a 
bright, interesting proposals, 
which should stand out against 
other promotional materials 

People planning the 
construction/reconstruction of 
houses or apartments over 
the next 3 years, at the age 
of 25-54 years, with a 
monthly household income 
of more than 5 000 PLN net. 
Analysis of studies shows a 
significant impact of women 
in taking decisions concerning 
the construction or 
modernization of the house / 
apartment 

A key element of the campaign and the 
connecting element of the event was website 
www.oszczedzam-ener-gie.pl that contains 
database articles, tutorials, and graphic material. 
In or-der to read the content of the campaign in 
the Internet and the press the app AR for mobile 
devices was created. Users could create a passive or 
energy efficient house and com-pare annual savings 
compared to a traditional house. The campaign was 
supported by PR activities (including 
unintentional use of training for journalists and 
bloggers). 
The accompanying element was coffee served 
from a special food truck 

 
One of the promotion tested in 20

construction of passive and energy saving buildings using renewable energy sources (tab. 1). It was directed 
and received a great response especially among the younger generation. 

This action was based on creative ideas of selecting different construction solutions and calculating the 
resultant effects in the operation of passive or energy-efficient buildings, which is supposed to use renewable 
energy sources. Choosing different solutions there is possibility of achieving such an option that it allows to 
cut spending and gives the opportunity to save funds for other needs. It was assumed that this will increase the 
number of investors who want to build their own home with the help of a loan, with the possibility of 
redemption through saving costs. 

The whole event with a variety of planned activities fits into the action characteristic of social 
marketing. The goal of social campaigns is the belief of the audience for which it is organized to accept 
changed or rejected certain beliefs, attitudes or behaviour. The proposed tools that have an impact on potential 
investors and the people from their entourage refer to activity within the framework of social marketing. 

A key element of the campaign was the creation of website www.oszczedzam-energie.pl containing a 
database of technical and other data, database articles, tutorials, and graphics and video materials. To 
familiarize yourself with its contents the campaign in Internet and press was organized. It was also created a 
mobile app AR (Augmented Reality), in which the user can move the virtual process of design and 
construction of energy-efficient or passive houses. The user can change the size and rotate the display detail of 
the building, interact with it, modify its technical parameters, as well as obtaining additional information with 
a text description (fig. 6). The investor can also learn what is important while choosing the technology of 
construction and installation works, and is able to see how much can save on lowering the energy consumption 
for heating and ventilation. 

The page also contains suggestions how you can use internal installation and what level of savings you 
can expect. The user can find answers to the following questions: On what to pay attention when designing 
energy-efficient or passive house? How to organize the construction? What is the process of construction? 
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What is the energy certificate of the building? How to get financial support? How to live in a passive house? 
How much can you save? This function performs a mobile 3D application that allows you to create a home 
concept, ensuring the adoption of appropriate projects solutions for energy-efficient or passive houses. It 
allows you to calculate the annual energy savings for heating and ventilation comparing to conventional 
building. Using the app it is possible to view a 3D model of this building. The program, which you can 
download from the Google Play store is available on iOS and Android devices. 

 
Figure 6. The screen indicating the possibility of rotation of the building relative to the cardinal directions [21] 

 
For a better acquaintance with the advantages of energy-efficient construction it was also suggested that 

communication through Face-
 which saves 

for me. 
The campaign was supported by action in the form of Public Relations (including training, training for 

journalists and bloggers). During the distribution of coffee it was possible to receive a QR code to access the 
program (fig. 7). On the web page there is also a special calculator, which can estimate the amount of savings 
in standard energy-efficient or passive houses while comparing it to conventional houses. 

 

 
Figure 7. The cup of coffee with a QR code to the calculator [21]. 
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There have been used all kinds of tools of communications online: website, mobile app (iOS, 
Android), AdWords, banners, video inserts, mobile campaign, mobile apps and advertising in the 
electronic editions of weeklies and magazines (articles, links, materials from the editors, sponsorship). In 
the press: print and promotional materials, in the most famous weeklies and magazines on architecture, 
construction and construction equipment  a total of 17 titles of journals, a model of a house with piggy 
Bank function etc. In just six weeks, the information was viewed on the popular Internet portals and on 
YouTube more than 400 thousand times, the log on page was approx 80 million times [22]. The main 
arguments underlying justification of the verdict of the jury was: interesting and unusual approach in 
creating positive motivation for environmental activities, witty symbolism and the choice of forms of 
communication and information transfer to social circles [23].  

Similar actions have been done in many educational and promotional events in the area of energy 
efficiency and renewable energy, including environmentally friendly homes. Examples of outdoor 

 
There is also another interesting project addressed to the people and institutions responsible for the 

production and use of energy and heat in the construction industry and related air pollution. The name of 
-  Quality 

following figure 8 presents the example of advertising posters. 
 

CONCLUSIONS 
In conclusion, it must be emphasized that the process of introduction of energy-saving, passive 

construction and pollution reductions is very complicated. The fact that the reduction of energy 
consumption in buildings in Poland varies very slowly is shown in the statistics. These changes have not 
yet significantly affected the reduction of pollutant emissions into the atmosphere. 

The research also shows relatively low level of knowledge in the field of energy efficiency in 
construction and pollution reductions to the atmosphere. The creation of appropriate building regulations 
is not enough. It is necessary to conduct multilateral educational action in order to prepare for the 
realization of the different groups of the investment process for the construction and further operation of 
the standard buildings. An example of using social marketing for promotion of this idea is very interesting 
and should be developed in similar type of projects. 
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Annotation. The paper discusses quantitative evaluation of the share of input in the efficiency of 

agriculture in Georgia. There is reviewed dependence of the effectiveness of irrigation on the natural-
climatic conditions in the particular regions of the country. 

Key words: water management, economy, share of input, effectiveness of irrigation.  
  

INTRODUCTION 
 

Natural-climatic conditions of Georgia dictate necessity of wide application of irrigation being one of 
the most important factors of high efficiency of the agriculture. At the same time, it is necessary to mention 
that the currently effective system of payment for irrigation is significantly restricting further development of 
amelioration in the country. There appears the objective necessity of perfection of the system of payment for 
irrigation water, identification of new principles for its charging.  

From this point of view, quantitative evaluation of the share of input of irrigation into the efficiency of 
agricultural industry on the irrigated lands of the country represents certain interest. Such kinds of indicators 
are given in the article in view of certain regions of Georgia. 

 
BASIC PART 

 
With the purpose of revealing quantitative values of impact of agriculture intensification factors 

(capital-area ratio, chemicalization and amelioration), there are calculated their shares of input into the 
eviewed the following function: 

 
)]()()([ 333222111 xuxuxufE  (1) 

 
where  is the efficiency of agriculture, calculated as ratio of net value of revenues from agriculture to the 
value of gross product prime cost;  
 1  capital-area ratio of agriculture, calculated as ratio of fixed industrial funds of agricultural purpose to 
the area of agricultural lands (thousand GEL/ha); 
 2  value of the mineral fertilizer introduced to the active substance per ha of the agricultural lands (the area 
of pastures are excluded) (kg/ha);  
 3  proportion of irrigated agricultural lands in total area of the agricultural lands (%); 

 321 ,,  the corresponding permanent coefficients. 
 Having applied the method of normalization of the variables of the formula of nonlinear regression, 

we have obtained the meanings of 321 ,,  for Kakheti region which are equal to 0,05, 0,34 and 0,73, 
formula of nonlinear regression, when coefficient of correlation R = 0,89, looks like: 
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)(05,0[ 111 xufE 0,34u2(x2)+ 0,73u3(x3)]  (2) 

 
The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 

agriculture turn out to be, correspondingly, 0,30, 0,30 and 0,40. All the factors under revision are effective.  
For Kvemo Kartli region the meanings of 321 ,, are 0,10, 0,27 and 0,68, correspondingly, the 

formula of nonlinear regression, when the coefficient of correlation is R = 0,97, looks like: 
 

)(10,0[ 112 xufE 0,27u2(x2)+ 0,68 u3(x3)]  (3) 
 

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be 0,10, 0,21 and 0,69. All the factors under revision are effective.  

For Racha-Kvemo Svaneti 321 ,, are 0,20, 0,27 and 0,21, correspondingly, the formula of 
nonlinear regression, when the coefficient of correlation is R = 0,84 , looks like: 
 

)(20,0[ 113 xufE 0,27u2(x2)+ 0,21u3(x3)]  (4) 
 

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,25, 0,50 and 0,25. All the factors under revision are effective.  

For Shida Kartli region the values of 321 ,,  are 0,26, 0,16 and 0,51, the formula of nonlinear 
regression, when the coefficient of correlation is R = 0,84 , looks like: 
 

)(26,0[ 114 xufE 0,16u2(x2)+ 0,51u3(x3)]  (5) 
 

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,24, 0,20 and 0,56. All the factors under revision are effective.  

For Samtskhe-Javakheti region 321 ,,  are 0,69, 0,26 and 0,40, the formula of nonlinear regression, 
when the coefficient of correlation is R = 0,81 , looks like: 
 

)(69,0[ 115 xufE 0,26u2(x2)+ 0,40u3(x3)]  (6) 
 

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,45, 0,12 and 0,43. All the factors under revision are effective.  

For Imereti region 321 ,,  are 0,31, 0,12 and 0,28, correspondingly, the formula of nonlinear 
regression, when the coefficient of correlation is R = 0,82 , looks like: 
 

)(31,0[ 116 xufE 0,12u2(x2)+ 0,28u3(x3)] (7) 
 

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,50, 0,27 and 0,23. All the factors under revision are effective.  

For Samegrelo region 321 ,, are 0,71, 0,33 and 0,22, correspondingly, the formula of nonlinear 
regression, when the coefficient of correlation is R = 0,88, looks like: 
 

)(71,0[ 117 xufE 0,33u2(x2)+ 0,22u3(x3)]  (8) 
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The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,79, 0,11 and 0,10. All the factors under revision are effective.  

For Ajara region 321 ,,  turned out to be 0,19, 0,39 and 0,32, correspondingly, the formula of 
nonlinear regression, when the coefficient of correlation is R = 0,82 , looks like: 
 

)(19,0[ 118 xufE 0,39u2(x2)+ 0,32u3(x3)]  (9) 
  

The share of input of capital-area ratio, chemicalization and amelioration in the effectiveness of the 
agriculture turn out to be, correspondingly, 0,30, 0,43 and 0,27. All the factors under revision are effective.  

As it can be seen from the given data, the share of input of amelioration (irrigation) in the 
effectiveness of the agriculture according to the regions of Georgia are varying from 0,1 in Samegrelo to 
0,69 in Kvemo Kartli. Such significant range of variation of the share of input of amelioration can be 
explained, first of all, by climatic peculiarities of the regions under investigation. Thus, in Kvemo Kartli, 
where the volume of average annual precipitation is 580 mm, the share of input of amelioration in the 
efficiency of agriculture equals to 0,69. In Samtskhe-Javakheti it is, correspondingly, 673 mm and 0,43; in 
Shida Kartli  723 mm and 0,56; in Kakheti  786 mm and 0,40, in Ajara  1564 and 0,27; in Samegrelo  
1600 mm and 0.10.  

The correlation equation of the link between the value of annual precipitations and share of input of 
amelioration in the effectiveness of agriculture looks like: 

Y=0,58 +0,11 x  0,25 x2 (10) 
where x is the value of annual precipitations, thousand mm/year. 

 
Fig.1. Dependence between average annual value of precipitations and the share of input in the effectiveness of 

agriculture 
 

CONCLUSIONS 
The give analytical calculations show the importance of such factors of intensification of agriculture in 

Georgia, as irrigation and capital-area ratio of agriculture. 
The share of input of irrigation in the effectiveness of agriculture is, first of all, determined by climatic 

peculiarities of the regions  as drier the climate of the region as higher the impact of irrigation on 
effectiveness of agriculture.  
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ON THE TOPIC OF CHANGES IN THE NEMUNAS RIVER DISCHARGE 
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Annotation.The forecast of the changes to Nemunas River discharge for the period from 2021 
to 2050 were based on A1B andB1 CCLM regional climate models, using model of hydrological-
climatic calculations based on simultaneous solution of the water and heat energy balance 
equations. The discharges in the Nemunas River were made using dataobtained from Kaunas 
(Lithuania) and Grodno (Belarus) meteorological and hydrological regime observation stations.  

The results show the transformation of the Nemunas River discharge hydrograph of the 
discharge: a slight increase in the spring floods in the Belorussian part and spring floods will begin 
earlier than at the present time; the duration of flooding will remain the same in Lithuania part. 

Key words: discharge, temperature, precipitation, Nemunas. 
 

INTRODUCTION 
 

Global climate change and associated impacts on water resources are the most urgent 
challenges facing mankind today and will have enduring societal implications for generations to 
come. Potential impacts may include the changes in watershed hydrologic processes including 
timing and magnitude of surface runoff, stream discharge, evapotranspiration, and flood events, all 
of which would influence other environmental variables such as nutrient and sediment flux on water 
sources (Simonovic and Li, 2004). The trends of precipitation extremes in Europe vary greatly and 
depend not only on the region but also on the indicator used to describe an extreme (Groisman et al. 
2005). Climate change is altering the statistics of temperature and precipitation. More frequent and 
severer weather extreme events are anticipated to impose greater damages to ecosystems and 
agricultural systems (Wigley, 2009). Climate change projections may result in reductions of 
average annual runoff up to 50%, challenging the whole socio economic model which is based 
largely on water demanding activities: recreation, tourism and food production (Iglesias and 
Garrote, 2015).A number of studies have shown that under climate change annual river flow is 
expected to decrease in Southern Europe and increase in Northern Europe; changes are also 
expected in the seasonality of river flows with considerable differences over the European 
region.While some aspects of climate change such as increased precipitation may bring some 
localised benefits, therewill also be a range of adverse impacts, including reduced water availability 
and more frequent extreme weather (Arnell et al., 2011). A significant increase in the unevenness of 
precipitation distribution in summer is very likely. More intensive and prolonged droughts will be 
often followed by very short-lived but extremely intensive rains (Rimkus et. al., 2011). The main 
problems of the ecological status ofsurface waters in the Neman River Basin are:increased 
ammonium nitrogen contentis generally characteristic of Belarus; in Lithuania - high biological 
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oxygen demandconcentrations are common insome water bodiesand high total phosphorus 
andphosphate phosphorus content is characteristicof some water bodies(Korneev et al., 2015). 

 
 

MATERIALS AND METHODS 
 

The Nemunas (Neman) River basin is located at 56o - 52o o -
28o 45 450 km2, Lithuania (47.7%, 46 700 
km2), the Russian Federation (Kaliningrad Oblast, 3.2%, 3 170 km2), Poland (2.6% 2 520 km2) and 
Latvia (0.1% 88 km2). The total river length is 937 km, and its outfall comes to the Baltics Sea. The 
Nemunas River is covering about 75 % of the Lithuania territory (Aplinkos..., 2011) (fig. 1). 

 

 
 

Fig. 1.NemunasRiver basin 
 

The forecast of the changes to Nemunas River discharge for the period from 2021 to 2050 
was elaborated using the Belarusian model of hydrological-climatic calculations based on 
simultaneous solution of the water and heat energy balance equations (Mezentsev, 1995; Volchek 
1986). Long-term climate change forecasts for the Nemunas River were based on A1B andB1 
CCLM regional climate models. The hypothesis of research experiment is based on the current long 
period data trends: the air temperature and the annual amount of precipitation will increase in the 
Nemunas River up to 2050. 

Analysis and forecasting of the changes in climatic characteristics and discharge in the 
Nemunas River were made using data obtained from Kaunas (Lithuania, - 76 
m.) and Grodno (Belarus,  148 m.) meteorological and hydrological 
regime observation stations. 
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RESULTS AND DISCUSSION 

 
The mean annual air temperature was about 6.8oC in the Grodno meteorological station from 

and 632.27 mm in the 
Kaunas meteorological station (fig. 2).  

 
Fig. 2. The average air temperature and precipitation of month  

 
The average temperature have tendency increased according Kaunas meteorological station 

data 1969-2016 (about 0.8oC), and the average quantity of average participation haveweak tendency 
increased (about 7% in the last 50 year, fig. 3). 

 

 
 

Fig.3. The average air temperature and precipitation of year (Kaunas, Lithuania) 
 

The tendency for the air temperature to rise will also persist in the future (until 2050). The 
annual average air  

 
 son. Annual precipitation is also likely to increase in the Nemunas River 
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basin. More significant changes are expected in the first half-year, while in the summer and autumn 
seasons these changes will not be so significant. The air temperature is also expected to increase to 
the maximum in winter. The largest precipitation is forecast in the cold season of the year, while in 
the second half of summer and also at the beginning of autumn, the precipitation will actually 
remain unchanged or will even slightly decrease (the tendency 2015) (Korneev et al., 2015). 

The results show the transformation of the of Nemunas River discharge hydrograph: a slight 
increase in the spring floods due to a shift in the beginning of the flood to earlier periods, and the 
maximum spring flood decrease in the Belorussian part.As the result of the growing winter 
temperatures and the growths of thaws, the amount of discharge will increase during the cold 
season with an increase in the minimum winter discharge. There are no significant changes in the 
discharge in the summer period (fig.4). 

The forecast shows that amount of winter discharge will increase on the Nemunas River in 
Lithuania, and the minimum winter discharge will increase too. Spring floods will begin earlier than 
at the present time; the duration of flooding will remain the same, while the flood volume will 
decrease. No significant changes were found for the summer-autumn months (fig. 5). 

 
Fig. 4.Nemunas River discharge (Kaunas, Lithuania) (  

 
Fig.5. Nemunas River discharge (Grodno, Belarus) 

 
According to the discharge change forecasts for the period 2021 2050, the tendencies for a 

slight increase in the average annual discharge throughout the Nemunas River basin spotted in 
1961 2009, will persist. The increase in winter dischargetendency across a larger part of the 
Nemunas River basin area in discharge change was observed in the period of 1961-2009. The 
discharge may increase to the maximum in the winter season (up to 40%), mainly in January and 
February, due to increases in precipitation and the frequency of thaw periods.Climate change and 
the increased air temperaturemay result in watertemperature increases in surface water bodies. On 
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e Nemunas River basin 
by the mid-21st century. This may leadto a reduction in the dissolved oxygen in surfacewaters by 
an average of 0.25 mg/dm3 inthe summer season throughout the Nemunas River basin and it may 
become significantat low oxygen concentrations. The reductionin the dissolved oxygen content 
maylead to increased concentrations of biogenicpollutants and may also result in the deteriorationof 
hydro-biological indicators of surface waterquality. The water temperature rise may increasethe 
total mineralization by 3 10 % (Korneev et al. 2015). 

 
CONCLUSIONS 

 
The discharge may increase to the maximum in the winter season (up to 40%), mainly in 

January and February, due to increases in precipitation and the frequency of thaw periods. 
The forecast shows that amount of winter discharge will increase on the Nemunas River in 

Lithuania (period 2021 2050), and the minimum winter discharge will increase too.  
The transformation of the of the Nemunas River discharge hydrograph will slightincrease in 

the spring floods periods, and the maximum spring flood will decrease in the Belorussian part.  
 No significant changes were found in the summer months. 
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Annotation. The mechanisms of biological nitrogen transformations are very important for analysis, 
design, operation and optimal control of natural ecosystems or engineered systems for nitrogen removal. In 
general, the nitrogen compounds transformation direction and kinetics depended on bacterial metabolic 
activity and environmental (aqueous medium) conditions. The stoichiometric equations of ammonification, 
nitrification and denitrification have demonstrated that the nitrogen cycle in nature is rather complicated. In 
this study focus on denitrification process, this based on elements mass balance equation. 

Laboratory scale tests have revealed that during the analyzed period of 235 days in bioreactor with 
deciduous woodchips the reduction of nitrate-nitrogen mass was reached 51% compared with the total 
amount observed in the inflow mass. During the same period the reduction of nitrate-nitrogen mass was 
reached, respectively, in the bioreactor with conifer woodchips  64%, and with mixed woodchips filler  
63%. 

Key words: stoichiometry,nitrogen transformation,denitrification bioreactor. 
 

INTRODUCTION 
 

happens very quickly or does not happening at all."  
Nobel-prize laureate Christian de Duve 

 
Nitrogen is necessary for life to exist on Earth, it is an important the chemical element entering in 

biological the nucleic acid composition, which protected (in their chemical structure) the genetic information 
and transmit it from generation to generation, as well as transportation and performs information of functions 
by synthesis protein. Thus, the nitrogen atoms in the presence of complex biochemical processes in the 

 
Nitrogen cycle is intricate process. Natural conditions nitrogen into nitrogen circuit inject of discharge 

power and via biological fixation. Nitrogen under an atmosphere migrate on diffusion, condensation, 
transpiration, erosion, infiltration, absorption, sedimentation, assimilation etc. physical processes. 
Biochemical processes of nitrogen ions can be in different chemical forms, each with its own characteristics 

. 
Although the atmosphere contains are more than 78% gaseous nitrogen (N2), but either animals or 

plants this form nitrogen can not to uptake. Plants absorbednitrogen compounds on ammonium (NH4) and 
nitrate (NO3) form, to addingprotein molecules. In addition nitrogen to soil entering with mineral and 
organic fertilizers. Not assimilated by plants, nitrogen compounds leaches to drains water and increased 
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inflow of nutriens into surface water bodies, leads to their eutrophication (Povilaitis et al., 2015; Dupas et al., 
2014; Novotny, 2003). 

nitrogen from 
tile drained agricultural areas is a significant source of this pollution.The solution of the above mentioned 
problem using purely agronomic or severe economic activity limitation measures often does not reach the 
expected results, due to the diversity of natural factors (e.g. flushy character of rainfall leading to high 
drainage runoff) and changeable climatic conditions. It is obvious that technological innovations in tile 
drainage systems design and implementation are necessary. 

 
BIOLOGICAL NITROGEN REMOVAL IN DENITRIFICATION BIOREACTORS 
 
The first attempts to apply biotechnologies for the removal of nitrogen in tile drainage water were 

started in the US (Cook et al., 2001). The main idea of these technologies is based on the direct installation 
of bioreactors into the trenches of tile drainage systems. The performance of bioreactors is driven by 
denitrification process which takes place under oxygen limited conditions in a specifically constructed trench 
filled with organic material where the tile water is diverted. At the time, the denitrifying bacteria utilize 
oxygen to process (oxidize) the available carbon and herewith converts nitrates being in a water into nitrogen 
gas (Povilaitis et al., 2011; Shaffer et al., 2008; Boyd, 2000). 

Three rectangular shape (length  130 cm, width  35 cm, height  70 cm) denitrification bioreactors 
(0.32 m3 volume each) were installed in Drainage laboratory of Water Resources Engineering Institute at 
Aleksandras Stulginskis University (ASU) in Lithuania (Fig.1). 

 

 
Fig. 1 Physical denitrification bioreactors models with different fillers (A  deciduouswoodchips; 

 B  coniferous woodchips; C  mixed woodchips) 
 

Bioreactor tanks were filled with woodchips made from local raw materials  deciduous and 
coniferous trees offal. The use of woodchips in bioreactors allows heterotrophic denitrifying bacteria to 
develop. Bacteria need organic material as a carbon source, therefore, a biofilm on the surface of woodchips 
is formed.Microbial biomass growth and activity is directly dependent on external factors: temperature, 
oxygen content, the hydrogen ion concentration, nutrient inflow and others, and the composition of the 

. 
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NITROGEN TRANSFORMATION 

 
Soil bacteria, cyanobacteria and some fungi carries out biological fixation of nitrogen e.g. molecular 

nitrogen include the natural compounds. This process is regulated by the enzyme nitrogenase, which is 
Nitrobacter aerobic and anaerobic bacteria Clostridium media and algae (Povilaitis et al., 
2011).Heterotrophic bacteria (uptake carbon from the organic compounds) and dividing the organic 
compounds containing in water or soil, organic nitrogen became inorganic into ammonification or 
mineralization process (1). 

Organic- 3
+

4
+                                                                    (1) 

 
In the oxygen deficiency conditions Pseudomonas Alcalignes, Paracoccus bacteria and fungi to 

respiration reduced the oxygen from nitrate nitrogen compounds (Shaffer et al., 2008). Denitrification 
bacteria is reduced nitrate nitrogen to molecular nitrogen and returned to the atmosphere during 
denitrification process. The total process equation (2). The end products of denitrification include dinitrogen 
gas (N2), carbon dioxide (CO2), and bicarbonate (HCO3). 

 
 4NO3 + 5C + H2 2 +CO2 + 4HCO3                                                                (2) 

 
The HCO3 is of interest because this release of alkalinity increases the solution pH. 
The main product of interest is usually the gaseous phase nitrogen. While the main nitrogenous end 

product N2, is stable due to its molecular triple bonds, denitrification can also produce nitrous oxide (N2O), a 
potentially harmful greenhouse gas (Korom, 1992). 

The environmental conditions of low pH, low temperature, high solution dissolved oxygen and low 
carbon to nitrogen ratio (C:N) may shift the final N2O:N2denitrification production ratio towards N2O 
(Metcalf and Eddy, 2003).  

Additionally, the microbiology of the bacteria may be important denitrifiers which lack the nitrous 
oxide reductase yet exhibit expression of the other denitrification genes may have reduced denitrification 
N2O emissions. Unfortunately, nitrogen gas emissions in this work were not possible to determine due to the 
lack of suitable measuring equipment. 

The mechanisms of biological nitrogen transformations are very important for analysis, design, 
operation and optimal control of natural ecosystems or engineered systems for nitrogen removal, and 
accurate stoichiometric equations can help in the maintenance of these environments. 

In general, the nitrogen compounds transformation direction and kinetics dipended on bacterial 
metabolic activity and environmental (aqueous medium) conditions (Souza, 2009).  

The stoichiometric equations of ammonification, nitrification and denitrification have demonstrated 
that the nitrogen cycle in nature is rather complicated (Fig.2).  
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Fig. 2. Stoichiometry nitrogen transformation description (by Rubol et al., 2013) 

 
where: DON/DOC  concentration of dissolved organic nitrogen/corbon, ADDDON/ ADDDOC  dissolved 
organic nitrogen/corbon inflow (system inlet), LDON/ LDOC  dissolved organic nitrogen/corbon outflow 
(system exit), SON/ SOC  organic nitrogen/corbon concentration of particles form, ADDL(C/N)L/ ADDL  
nitrogen/carbon compounds inflow from the environment (decomposing organic materials, sediment) in 
system (system inlet). 

In summary, analyzing nitrogen transformation (in water phases) and stoichiometry relations, focus on 
nitrate mass balance variation, mathematical law process description and influencing factors identication.  

 
 

METHODS AND PROCEDURES 
 

During the experiment the water samples were taken at irregular time steps according to water supply 
and water retention time characteristics. Nitrate nitrogen concentrations were determined in the inflow water, 
in the water of sampling wells and in the outflow. Variation of measured parameter values allowed to 
presume the ongoing nitrogen transformations in bioreactors. 

Water inflow and outflow from the bioreactor readings were recorded with the help of water loggers. 
Each bioreactor inside was equipped with additional water sampling wells where the water level was 

recorded. In all sampling sites, water temperature, pH, dissolved oxygen and NO3-N concentrations were 
measured. 

Nitrate nitrogen concentrations were determined by the means of Photometer MD600/MaxDirect 
system using a powder-like consistency reagent Vario Powder Pack. The dissolved oxygen amount was 
measured with a portable Eijkelkamp 18.28 oxygen meter and the pH values were measured by the portable 
WTW pH340i device, respectively. Inflow, outflow and inside bioreactor water temperatures were measured 
by the multifunctional portable system WTW Multi 350i. 
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Bioreactor fed NO3 concentrations in the water tanks during the study period ranged from 4 to 35 
mg/l. They were typical to the range of NO3 values found in drainage water under field conditions. Nitrate 
mass change in bioreactors was calculated according to the equation: 

R
dt

Md
dt

Md
dt

dM outflowlow )()( inf                                               (3) 

where: )( inf lowMd  chemical elements inflow mass [g]; )( outflowMd  chemical elements outflow mass 

[g]; dt  - per time [h]; R  residual (sedimentation). 
 

 
RESULTS AND DISCUSSION 

 
In Laboratory, experimental with bioreactor with different woodchips filler (A, B, C) last 235 days. 

The graph 3,4,5 showed testing results, that the soaked woodchips facilitate reduction of oxygen, influencing 
pH, water temperature and further nitrate transformations in bioreactors.  

The observed dynamics (Fig. 3; 4) of dissolved oxygen concentrations suggest that oxygen deficiency 
conditions are established and the balance of anaerobic environment stabilizes in there. The drop-off in 
dissolved oxygen amount confirms that it is actively consumed by heterotrophic microorganism.  

The analysis of laboratory scale tests revealed that during each measuring event, water temperature in 
bioreactors increased ranged from 1 to 3 degrees (oC). This corresponds occurs exothermic reaction in the 
bioreactor and an intense oxidation-reduction reaction,that denitrification process was active showed and soil 
increasedbicarbonate (HCO3) concentration (TDS) in outflow water during all experimental time 

It was determined that the amount of oxygen consumed by respiration, reaches the maximum (when 
the dissolved oxygen amount ranges from 0.00 to 1.00 mg/l) during the first 10 days of the startup of the 
reactor. 

In the denitrification bioreactor with the deciduous woodchips filler (A), according equation (3) was 
determined 11,27 g of nitrate-nitrogen were removed within 235 days. This corresponds to 63% of the 
inflowing amount of nitrate-nitrogen. 5,40 m3 of water have passed through the reactor during the period. 

With conifer woodchips filler (B), 13,77 g, this corresponds to 64% of the inflowing amount of 
nitrate-nitrogen. 5,60 m3 of water have passed through the reactor during the period. Over the same period in 
the denitrification bioreactor with mixed woodchips filler (C) 12,14 grams of nitrate nitrogen were removed 
and it makes up to 63% from the total inflow amount of nitrate nitrogen content.  

The nitrate-nitrogen removal rates by event were calculated from the total amount of  NO3-N removed 
during an event divided by reactor volume filling with water and event step (Christianson et al., 2010).  

The research tests revealed that nitrate removal rate in the bioreactor (A) has an average of 0,51 
g/m3/h. It ranged from 0,04 to 2,52 g/m3/h. In the bioreactor (B)  an average of 0,54 g/m3/h and varied from 
0,08 to 1,31 g/m3/h. In bioreactor C  an average removal was 0,49 g/m3/h, and it varied from 0,06 to 1,45 
g/m3/h. 

The nitrate removal rate differences appeared due to the difference in bioreactor volume filling with 
water and the water retention time within which the biochemical degradation of nitrogen compounds ocurrs. 
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Fig. 3. The chemical elements concentration changes in denitrification bioreactors with deciduous (A) and 
coniferous (B) woodchips fillers. (Legend: Inflow  concentration in inflow; Outflow  concentration in outflow; 

Well  concentration in well) 
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Fig. 4. The chemical elements concentration changes in denitrification bioreactors withmixed woodchips (C) 

fillers. (Legend: Inflow  concentration in inflow; Outflow  concentration in outflow; 
 Well  concentration in well) 



me-7 saerTaSoriso samecniero-teqnikuri konferencia wyalTa meurneobis, garemos 
dacvis, arqiteqturisa da mSeneblobis Tanamedrove problemebi  

25 27 agvisto, 2017 w. 

          c. mircxulavas saxelobis wyalTa meurneobis instituti; garemos dacvis ekocentri 

       TS.  MIRTSKHULAVA WATER  MANAGEMENT INSTITUTE; ECOCENTER  FOR  ENVIRONMENTAL  PROTECTION 
212 

 
Fig.5. Dynamics of nitrate-nitrogen concentration in denitrification bioreactors withdifferent woodchips fillers. 

(Legend: Inflow  concentration in inflow; Outflow  concentration in outflow 
 
 

Under oxygen deficiency conditions and the availability of NO3, the microorganisms transform 
nitrates into gaseous nitrogen forms. The differences in nitrate concentrations at inflow and outflow clearly 
demonstrate (Fig. 5) that this process was intense.  

Nitrate concentrations have ranged from 4.00 to 35.00 mg/l in inflowing water and from 4.00 to 13.00 
mg/l in the outflow. It should be noted, that nitrogen removal efficiency dependent on nitrogen concentration 
in inflow. Nitrogen concentration inflow decrease shows in fig. 5 (A, B, C tests).  

It is obvious, that biological nitrogen removal was going on in all bioreactors.  
In general, stoichiometric relationships chemical elements, microorganism and environmental 

conditions (temperature, water pH, dissolved oxygen content and other) had possitive influence to efficiency 
of nitrogen transformation to gaseous form. 
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CONCLUSIONS 

 
1. The stoichiometric equations of ammonification, nitrification and denitrification have demonstrated that 

the nitrogen cycle in nature is rather complicated. In this study focus on denitrification process, this 
based on elements mass balance equation. 

2. Laboratory scale tests have revealed that during the analyzed period of 235 days in bioreactor with 
deciduous woodchips the reduction of nitrate-nitrogen mass was reached 51% compared with the total 
amount observed in the inflow mass. During the same period the reduction of nitrate-nitrogen mass was 
reached, respectively, in the bioreactor with conifer woodchips  64%, and with mixed woodchips filler 
 63%. 

3. The results of nitrate-nitrogen removal rate were in bioreactor with deciduous tree woodchips it was 0,51 
g/m3/h, in the bioreactor with the conifer woodchips filler  0,54 g/m3/h and in the bioreactor with 
mixed woodchips filler  0,49 g/m3/h. The nitrate removal rates differences appeared due to the 
difference in water retention time within which the biochemical degradation of nitrogen compounds 
occurs.  

4. According to the experimental study results, stoichiometric relationships of chemical elements and 
environmental conditions were availability to microorganisms transform nitrates into gaseous nitrogen 
forms. 
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