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Abstract. The paper aims to investigate objects located in railway natural industrial complexes, e.g. the 
Kuybyshevskaya Railway within the boundaries of Samara region. The authors analyse its following characteristic 
properties: geometric (proximity to water bodies); intercepted (crossings with bridges or waterbodies); watercut (proximity 
to subsurface water outlets and high groundwater); hilly-mountainous terrain (washouts and washaways); violation of 
surface (water drainage from the walls, washaways of flood-prone slopes). The researchers studied a schematic map of 
the Kuybyshevskaya Railway and came to the conclusion that there is a considerable number of railways crossings with 
water objects in Samara region, Ulyanovsk region and the Republic of Tatarstan. Some of these railways crossings are 
located in close proximity to waterbodies. The average value of the crossings is 0.549 km for every 1 km, i.e. 
approximately every 500 m railway tracks cross at least one water object. It means that there is a surface run-off coming 
from railroad tracks and near-by territories into a waterbody every 500 m. Systematic monitoring of water pollution is 
performed by a considerable number (up to 20) of gauging stations located within all railroad tracks in Samara region. 
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I. INTRODUCTION 

Human evolution and creation of industrial 
methods of economy management have led to the 
formation of the global technosphere, on of its 
elements is railway transportation. Natural 
environment when the elements of the technosphere 
are operating is the source of raw and energy 
resources and also space for infrastructure allocation 
[5]. Successful operation and development of the 
railway transportation depend on the condition of 
natural complexes, resource endowment, 
infrastructure development of induced environment 
and socio-economic environment.  Joint study of the 
rail transport facilities and natural complexes can be 
defined as railway natural-technogenic complex 
(RNTC) followed by formation and impact on the 
environment [2,21,22].  

Whereas, environmental conditions when dealing 
with RNTC objects depend on infrastructure of 
railways construction, production, repair and 
exploitation of railway equipment, manufacturing 
facilities, penetration level of railway equipment and 
other object on the railways, penetration of scholarly 
results in the enterprises and branch objects. Suffice 
to say that in the Russian Federation railway 
transportation use up to 7% of fossil fuels, 6% of 
electricity and 4,5% of timber [2,5, 11]. 

That is why RNTS effect level on the 
environment is sufficiently large. The nature of 
impact of transport on the nature is defined by 
formulation of technical factors, intensity of their 
impact, ecological weightage of these impacts on the 

environment elements [3,19,20]. Railway pollution is 
imposed on pollution from agro-industrial activity of 
enterprises and public utilities. But because of the 
fact that normally discharge of agro-industrial wastes 
is occasional and it is forbidden without purification 
by the Water Code of the Russian Federation and all 
enterprises are obliged to create and get approval for 
projects on the Permissible Discharge Standards into 
Water Bodies. Therefore, it is conceivable that impact 
from agro-industrial wastewaters discharge on water 
courses takes place, but insignificant. The 
calculations are usually performed according to the 
fishery claims taking into account water down or 
without it. 

In this respect, technogenic impact on the 
environment can be local (singular factor) or complex 
(group of various factors) in nature. It is important to 
make a point of RNTC infrastructural facilities, that 
have constant, long-lasting-omnipresent effect on 
water course of the water bodies through surface 
plate. These effects generally characterized by 
different ecological hazard coefficients according to 
type of impact, its character and target exposure 
[7,9,12,18]. 

 
II. MAIN  BODY. THEORY 

As the major object of RNTC research the part of 
the Kuibyshev railway that is located in the Samara 
Region is considered.  These parameters are shown 
according to specification: geometrics (proximity to 
water bodies); river crossings, bridges (water bodies 
crossing), water-flooded (proximity to subsurface 
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water outlet and high subsurface water); hilly-
highland country (ablations, erosions); surface 
drainage violation from the walls, ablations of 
flooded slopes. 

By analyzing schematic map of the Kuibyshev 
railway it may be concluded that, there is a great 
number of railway line and water body crossings and 
also a close proximity of them to the water bodies in 
the Samara and Ulyanovsk Regions and in the 
Republic of Tatarstan. 

For studying the fluid circuit pollution form close 
to the railway lines in the Samara region (figure 1) 
the following five directions (table 1) and groups of 
railway lines were selected. 

According to the proposed directions consider the 
following parameters of these directions [10,13]: 
direction length across the Samara Region, number of 
railway line and water body crossings (including: 
crossing, bridges, proximity to water body, water cut, 
hills, slopes, highland country). (Table 2); the 
watercourse length along the railway lines, km; 
Catchment area, km2; Universal Combinatorial 
Impurity Index of the River (UCIIR). The parameters 
of given directions, taking into account the impact of 
the railway lines on water bodies, were developed 
according to the main points of the roadway and 
railway lines maintenance instruction [10], where 
maintenance conditions of subgrade, river outlets, 
strengthening and protective structures are 
characterized. Protective structures include surface 
waters retractors (flumes, gutterways, earth trenches); 
structures for subsoil water capturing and disposing  
(catchment, earth trenches, captures); strengthening 

structures (embankment walls, sea walls, wave 
absorbers and so on); protective structures (mudflow 
protection structures, landslide protection works, 
avalanche baffle works and so on). 

 

 
Figure 1. Railway lines direction along the Samara region and their 
proximity to water bodies.  

 

 
Table I 

Railway lines abd groups alond the samara region  

№ Line   The nearest branch OAO «Russian Railway» Group of branch railway lines 
1 line Gorkovskaya railway – branch OAO «Russian Railway»  Koshki-Klyavlino 
2 line Moscovskaya railway –  branch OAO «Russian Railway» Penza-Syzran 
 Moscovskaya railway –  branch OAO «Russian Railway» Inza-Syzran 
 Privolzskaya railway -  Moscovskaya railway –  branch 

OAO «Russian Railway» Saratov-Syzran 
 Gorkovskaya railway – branch OAO «Russian Railway» Ulyanovsk-Syzran 
3  line Kuybischevskayarailway -  Gorkovskaya railway – branch 

OAO «Russian Railway» Syzran-Zigulesvkoye more 
   Bezenchuk-Kinel 
   Syzran-Samara 
   Samara-Togliatti 
   Timashevo-Surgut  
4  line Privolzskaya railway -  Moscovskaya railway –  branch 

OAO «Russian Railway» Yug-N.Karmelik-Bolsheirgizskiy 
5  line Privolzskaya railway -  Moscovskaya railway –  branch 

OAO «Russian Railway» Zvezda - Ishkovo 
 Uzno-Uralskaya railway -  branch OAO «Russian 

Railway» Samara-Pohvistnevo 
  Smishlyaevka -Borskoe 
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III.  EXPERIMENTAL METHOD 
Considered structures protect the roadbed of 

railways mainly focused on the influence of surface 
water masses, especially those located in the hilly and 
mountainous terrain.  

It is necessary to talk about the impact of 
geographic location (hilly and mountainous terrain) 
railways choice of protective structures, which cause 

the interception, detention and / or redirection of 
surface wastewater. 

Each form adjacent to or crossing the water body 
from the railroad tracks, and the transfer takes place 
flush contaminants located thereon, as well as with the 
right of way in the surface water body [6, 8, 14, 15]. 

 
Table II 

Parameters of railway lines in Samara region 
№ Line   

Group of 
branch railway 
lines 

Section 
length, 
km  

Crossing 
number 
pcs. on 
section 
length 

Average 
crossing 
number on 1 
km 

The 
watercourse 
and 
tributaries 
length along 
railway, km 

Catchment 
area, км2    

Traffic 
flow, mln. 
Tons 

Universal 
combinato
rial 
impurity 
index of 
the river 

 
        

 
        

1 line  Koshki-
Klyavlino 198 235 0,84 137,5 2039,1 239,2 3,44 - 4,58 

2 line 
Penza-Syzran 25 30 0,83 35,36 1189,2 283,3 2,20 - 2,68 

 
Inza-Syzran 14 38 0,37 35,36 1189,2 283,3 2,20 - 2,68 

 
Saratov-Syzran 23 50 0,46 38,3 528,5 123,2 2,20 - 2,68 

 Ulyanovsk-
Syzran 85 225 0,38 55,25 1348,1 239,2 2,20 - 2,68 

3 line Syzran-
Zigulesvkoye 
more 110 233 0,47 54,78 646,4 188,9 2,20 - 2,68 

 
Bezenchuk-Kinel 108 206 0,52 39,1 421,5 188,9 3,16 - 3,43 

 
Syzran-Samara 136 124 0,54 44,0 1130,8 188,9 3,44 - 4,56 

 
Samara-Togliatti 119 219 0,54 201,5 15773,9 188,9 3,44 - 4,58 

 Timashevo-
Surgut 84 157 0,54 - 1254,5 188,9 3,16 - 3,43 

4 line Yug-N.Karmelik-
Bolsheirgizskiy 94 182 0,52 94,0 4051,4 123,2 2,20 - 2,68 

5 line 
Zvezda - Ishkovo 67 158 0,42 44,0 1130,8 123,2 2,20 - 2,68 

 

Samara-
Pohvistnevo 163 236 0,69 74,1 1015,5 342,0 

3,04 - 
3,15; 3,16 
- 3,43 

 

Smishlyaevka -
Borskoe 100 180 0,56 174 6037,6 342,0 3,04 - 3,15 

Average 
number  1326 2271 0,549 

    

 
The average crossing number for 1 km is 0.549 

km, so, for every 500 m accounted for about one 
crossing railroad lines with a water body. 
Accordingly, runoff receives each 500 m in a water 
body with four sides, washing away polluted, which 
are on line and the adjacent territory, and they are 
transported into the reservoir and affect the quality of 
water composition indicators for water bodies [8.16, 
17]. 

According to the presented table, for each selected 
direction was determined din of the storm-water drain 
and tributaries, which are designated catchment area 
for a single line. Selected areas can be divided into 
two main groups: 

Within each of these groups the lines of the 
Samara region has a large number of (up to 20) 
gauging stations [1] conducting systematic 
monitoring of water pollution, are within each of 
these group lines in Samara region. For further 
analysis, we used the following parameters 
characterizing the water pollution: the concentration 
of suspended solids mg / l; oxidation, mg / l; sulphate 
concentration mg / l; copper concentration mg / l; 
manganese concentration mg / l. 

It should be noted that the level and nature of 
pollution varies considerably from one to another 
gauging station within each of these five group lines. 
Therefore, the empirical mean number (characterizing 



 
Strelkov А.К., et al., / Environment. Technology. Resources, (2017), Volume I, 284-289 

 
 

 
287 

 

the average level of the relevant residues) and the 
empirical standard deviations (corresponding 
parameter characterizing variation within a given 
group of lines) were found for each of the 
contaminants in each of the lines the groups listed 
above.  

The results are shown in Table 3. The average 
number of the corresponding parameter for the 

respective paths and the group and (after the sign ±) 
its standard deviation from the mean are given in 
each cell of this table.  

The maximum allowable concentration is given in 
the last row of the table (MAC) of the respective 
pollution [5]. 

 
Table III 

The pollutant groups and lines concentration. 
Group line number   Suspended 

material 
concentration 
mg/l  

Oxidation 
mg/l 

Sulphate 
concentration 
mg / 

Copper concentration 
mg / l 

Manganese 
concentration  mg / 
l 

1 29±9 6,5±0,6 450±150 0,0040±0,0005 0,95±0,15 

2 6±5 7,6±1,3 100±18 0,0027±0,0010 0,28±0,38 

3 50±23 5,7±1,3 321±132 0,0126±0,0158 0,132±0,224 

4 20±1 6,0±1,0 72±14 0,0025±0,0005 0,020±0,005 

5 53±24 5,0±1,0 254±59 0,0094±0,0118 0,041±0,037 

MAC solicitation <7,25 5...10 <100 <0,0010 <0,010 

 
Qualitative pollution level analysis corresponding 

to the standards for wastewater discharges into water 
bodies fisheries, is shown in Table 4.  

In this table, sign "+" shows the cell, where 
pollution is mainly below the norm ( the bulk of the 
sample corresponds to the standards), the sign "-" 
shows a cell in which the regulations repeatedly 

exceeded (that is, the bulk of the sample does not 
meet the standards) and sign «±» shows the cell in 
which the average pollution index number differs less 
from the than the standard deviation (obviously, in 
this case, an important part of the sample corresponds 
to the standards, and considerable - does not 
correspond).

 
Table IV 

Qualitative pollution analysis 
Group line 
number   

Suspended 
material 
concentration mg/l 

Oxidation mg/l Sulphate 
concentration mg / 

Copper 
concentration mg / 
l 

Manganese 
concentration  mg / 
l 

1 - + - - - 

2 ± + ± - - 

3 - ± - ± - 

4 - ± + - - 

5 - ± - - ± 

 
Table 4 shows that the norm, unfortunately, is an 

important excess of maximum allowance pollutant 
concentration. 

It should be noted that the level of the maximum 
allowance concentration in the range of different 
groups for various types of lines essentially 
impurities (sometimes many times) differ. Therefore, 
it is of interest groups the ranging group lines is 
interesting according to the degree of MAC, so  
asking the question of what kind of a railway groups 
are the most or least free from one or another type of 
pollution. The solution of this problem allows to find 
out: 

- which exactly Kuibyshev Railway lines are 
firstly needed the environmental measures. 
 

IV.  RESULTS AND DISCUSSINGS 
The results of these calculations (made under the 

assumption of corresponding distribution normality) 
are shown in Fig. 2 (a-d). In these figures, we can be 
seen the group railways are numbered in circles and 
arrows was a statistically important excess of the line 
pollution level one group over another (the arrow 
pointing from the group with a lower number of the 
parameter to a group with a large number of the 
parameter). Calculations were performed for the two 
levels of confidence - 68% (dotted arrows) and 95% 
(solid arrows). The necessity of using a relatively low 
confidence level of 68% is associated with a fairly 
high level of pollution parameters desperation within 
group railways. Thus, conclusions about the larger or 
lesser oxidation of water within different groups of 
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lines generally can be done only in this confidence 
level (assuming the correct conclusion on average 
two out of three). The conclusions reached at the 
confidence level of 95% (the correct conclusion in 19 
cases out of 20), obviously, much more reliable. If the 
two groups of lines are not connected neither solid 
nor even the dotted line, it means that a statistically 
important difference between the groups for this type 
of pollution lines and almost no difference between 
the average accidental contamination. 

The ranking group on the pollution line level is 
given in Table 5. In the column of the table groups of 
roads built by the level of contamination, from the top 
down, that is the most "polluted" the lines are in the 
upper row, and the most "pure" - at the bottom. In all 
cases, except the oxidation, the corresponding 
parameter number decreases from top to bottom. The 

presence (or absence) of the dividing line between the 
numbers of line groups implies the existence (or 
absence) of a statistically important (at least for a 
confidence level of 68%) the difference between the 
two. However it should be noted that the presence of 
groups in various lines one table cell 5 does not mean 
complete their identity and impossibility of their 
ranking within the cell. For example, between 3 and 5 
groups of oxidation (second column of Table 5), 
indeed, there is no statistically important difference, 
as well as between groups 3 and 4; however, this 
difference is between 3 and 5 groups 

This allows us to understand the ranking of tracks 
on the designated contamination, which allows to 
make more clearly conclusion about the most 
polluted railway line groups. 

 
Table V 

Ranking of line group on the pollution level 
Suspended material 
concentration mg/l 

Oxidation mg/l Sulphate 
concentration mg / 

Copper concentration 
mg / l 

Manganese 
concentration  mg / l 

5 
3 

5 
3 
4 
1 

1 3 
5 
1 

1 

3 
5 

2 
3 
5 

1 

4 2 2 
4 

2 2 4 4 

 
According to the ranking given in Table 5 that the 

concentration suspended solids and oxidation ranging 
practically the same. We can understand that the 
second group of line, it ends in the line to Syzran; it 
does not make any important pollution in water 
bodies. A fifth and third are the most introduced by 
contamination to the make our environment more 
polluted. The most prosperous on the sulfates, copper 
and manganese concentration is fourth group of 
roads, the least happy is the first one. And the first 
line, located in the North, through which passes cargo 
tonnage mainly from the Urals and the Ural 
metallurgical company, importantly contaminated 
with metal salts. 

The exposure level analysis of the transported 
cargo tonnage in five areas of several railways OAO 
"Russian Railways" and its comparison with the 
quality of water for at the universal combinatorial 
impurity index transit mass transfer of pollutants on 
water areas in Samara region.  

Found communication, in consequence, the found 
similar things will allow to predict the maximum 
contamination of watercourse pollution from lines, 
with a choice of potentially dangerous line for the 
pollutants, for immediate repair or reconstruction of 
the protective drainage facilities. 

V. CONCLUSION 

It is necessary for the Kuibyshev railway (the 
branch of OAO Russian Railway (RR) in the Samara 

Region) to pay attention to the repair and 
reconstruction of RNTC principal objects: along 
spillways, small bridges and bridge crossing by 
railway line and water body crossings and give 
attention to the following (the “dirtiest” – ref. table 5) 
directions: the first, third, fifth, where a great number 
of crossings per one kilometre were identified and 
proved by UCIIR index.  

It is advisable for the Kuibyshev railway (the 
branch of OAO Russian Railway (RR) in the Samara 
Region) to do urgent environmental action in order to 
prevent pollution from RNTC objects in water bodies 
i.e. to allocate petit combine purification plants (filter 
cartridges) for the surface runoff coming from the 
territory of railway bridges, bridge crossing, river 
outlets, strengthening and protective structures. 
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