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Abstract

Construction and exploitation of the gas pipeline is associated with seriously geoecological risks. The magni-
tude of risks depends on the kind and value of the impact of influencing factors. The factors of geoecological
risk mean to the natural and technical conditions, which influences to probability of occurrence, the value
of processes with adverse geoecological consequences, also the size of the expected geoecological damage
during the transportation of associated petroleum gas (Gubaidullin and Korobov 2005). Territory near shore
of Pechora sea between Bolvanskaya bay and Khaypudyrskaya bay is modern promising center of oil produc-
tion in region. Ricing of oil production connect with ricing of associated petroleum gas (APG) production
and searching of ways of effective utilization APG (instead of burning on torch) is actual challenge. The most
promising way is common gathering pipeline system with one center of preparing and utilization of APG.
Building and exploitation of pipelines connected with high gejecologilal risks. Evaluation and minimization
of geecological risk is actual task.

It is necessary to plan steps to minimizing risks (Day et al. 1998) to design stage to reduce the impact on the en-
vironment. The factor's indicators of geoeological risk are distributed unevenly along the gas pipeline. Zoning
should help to analyze the distribution of geoecological risk factors and determine territories for activities.
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Introduction

Despite the fact that in 2012 a draft law was adopted
that establishing a normative indicator for the com-
bustion of APG for an amount not exceeding 5%, this
level has not yet been achieved. Figure 1 shows a graph
of changes in the level of beneficial use of APG as a
percentage of the volume of extracted APG in Russia
in 2011-2015 (Fig. 1) (Knignikov and Ilyin 2017).

There are a number of objective reasons that do
not allow utilize of APG effectively in the required
quantity. First of all, the difficulties are caused by the
preparation of APG. Gas should be prepared before
burning in boiler units, gas turbine generators or
supply to consumers (GOST5542-2014). Key param-
eters of APG are: the temperature of the dew point;
the mass concentration of hydrogen sulfide; the mass
concentration of mercaptan sulfur.

Gas preparation by absorption units requires re-
generation of absorbent. Hydrogen sulfide is released
during the regeneration of the adsorbent. Utilization of
Hydrogen sulfide by burning harms the environment,
conversion hydrogen sulfide into elemental sulfur by the
process of high-temperature catalytic oxidation at the
Klaus unit can be effective only in large gas processing
complexes with a production capacity of sulfur about
5000 tons per year (Mazgarov and Kornetov 2015) .

Gas preparingin adsorption unit is efficient for
small volumes of gas (2000m3/day), but because of
difficulties in recycling or regeneration of the spent
adsorbent, chemical adsorption isn’t so common in
oil and gas industry (Mazgarov and Kornetov, 2015).

In view of the above, it s advisable to create a unified
APG gathering system. This system should to connect
oil fields with a relatively low content of APG (about
250 m3 of APG per ton of oil) with common center
of preparing and utilization of APG. Today, promising
center of oil's production are fields named after Ro-
man Trebs and Anatoly Titovand the major consumer
of APG in region is gas turbine power plant “South
Khylchuyu”. The realization of common APG gather-
ing system will require the construction of the «Trebsa
- South Khylchuyu» gas pipeline (Mashkin 2011).

Construction and exploitation of the gas pipeline
is associated with seriously geoecological risks. The
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Fig. 1. The level of beneficial use of APG as a percentage of
the volume of extracted APG in Russia in 2011-2015

magnitude of risks depends on the kind and value
of the impact of influencing factors. The factors of
geoecological risk mean to the natural and technical
conditions, which influences to probability of occur-
rence, the value of processes with adverse geoecologi-
cal consequences, also the size of the expected geoeco-
logical damage during the transportation of associated
petroleum gas (Gubaidullin and Korobov 2005).

It is necessary to design steps to minimizing the
risks of geoecological (Day et al. 1998) at the planning
stage to reduce the impact on the environment. The
indicators of factors of geoeological risk are distrib-
uted unevenly along the gas pipeline. Zoning should
help to analyze the distribution of geoecological risk
factors and determine territories for activities.

Methods

There is analysis of the transportation of APG
through the pipeline of the central facility “Trebs” to
central facility “Yuzhnaya Khylchuyu” in this paper
(Gubaydullin, Balashov, 2018). The first option of
pipeline goes straight from the central facility “Trebs”
to the central facility “South Khylchuyu” The second
option located along the lines of the watershed, along
the «South Khylchuyu - Varandey oil terminal» oil
pipeline at a distance of at least 1000 m (Fig. 2) (SNiP
2.05.06-85).

Zoning of gas pipeline options is done by an open-
source geographic information system (GIS) - QGIS.
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Fig. 2. Scheme of alternative option of pipeline

That is an open source geospatial Foundation (OS-
Geo) project and is licensed under the GNU General
Public License (Graser 2016).

At the first stage of zoning the following schemes
were prepared (digitized);

« Scheme of areas affected by cryogenic processes;

« Scheme of rock formations with relatively high
bearing capacity (Friedland Sidorenko 1970);

« Scheme of soils relatively resistant to anthropo-
genic impact (Shishov et. al 1997-2004);

o Scheme of wetlands;

« Scheme of alternative option of pipeline (Fig. 2)
(Gubaydullin and Balashov 2018).

Scheme of areas affected by cryogenic process-
es and Scheme of rock formations with relatively
high bearing capacity are based on the data of M. L.
Maskov and E. E Stepanov, 1985.

All schemes were made in projection EPSG:3857
- WGS 84/Pseudo-Mercator (Spherical Mercator)
on the sphere (Sidorenko 1970, Baranov et al. 1997),
on separate layers. Sheets of maps of the State GIS
Center (SGC) scale 1:500000 were used as a basic
cartographic basis.

Gas pipeline is a linear object (the length is much
greater than the width) and sections in the form of
corridors with pipeline in the center are more efhi-
cient for zoning. The results of zoning are going to be
as realistic as possible, because square of each section
is proportional to the length of the pipeline.

The width of corridors is 2 km - 1 km on each side
of the pipeline. This size of corridor was chosen due

to scale of the schemes. The corridors are divided into
sections with different length, which depends on the
distribution of indicators of geoecological risk fac-
tors. In digital form, the plots are separate polygons
adjacent to each other.

The most significant factors of geoecological risk
from the long list of factors are (Gubaydullin and Ba-
lashov 2018):

« crossings of watercourses and reservoirs;
« composition of the rocks;

 permafrost soils;

« soils.

There isn't factor “the length of the pipeline route” in
this paper, because - this factor is important for com-
paring alternative options of pipeline, but importance
of factor is lost during comparing of individual sections.

In order to determine the indicator's value, the
polygons of each of the indicator layers were trans-
formed into polygons limited by the borders of the
plots. Square of the resulting polygons are equal to
the value of the indicators for each plot (Table 1).

It should be noted, that not all the indicators used
are equivalent. Indicators: the square of soils relative-
ly resistant to anthropogenic impact and the square of
rock formations with relatively high bearing capacity,
characterize positively the plots in contrast to others
indicators. For a more correct comparison, the above
indicators were replaced by the opposite: the square
of soils relatively susceptible to anthropogenic impact
and the square of rock formations with relatively low
bearing capacity. The inverse indicators are those ob-
tained by subtracting the corresponding indicators
from the square of the plots.

The indicator “intersections with watercourses”
isn't measured by square meters. This indicator is
possible to transform to percent to compare this indi-
cator with the rest of the indicator: maximum num-
ber of intersections in some plot is 100%, the values
for other plots are proportional.

The plot’s weights equal to sum of the values of all
indicators of this plot. For clarity, the plots weights
are transformed thus that sum of plot’s weights equal
to 1000 because the weights are too small.
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Table 1. Distribution of indicators of geoecological risk
Ne plot Square of areas Square of soils Square of rock Square of wetlands Number of Square of plot
affected by relatively resistant to formations with km?/% crossings of p-/%
cryogenic processes anthropogenic impact relatively high pipeline with
km?/% km?/% bearing capacity watercourses and
km?/% reservoirs km?/%

1 option

1 8.6/43.4 0/0 19.8/100 19.8/100 1/25 19.8/31.87
2 4.6/23.4 0.9/4.6 19.7/100 16.9/85.8 3/75 19.7/34.28
3 11.9/60.4 18.9/95.6 5.3/26.9 19.7/100 1/25 19.7/36.6
4 10.3/52.6 19.6/100 4.5/23 2.9/14.8 3/75 19.6/31.5
5 19.5/100 19.5/100 19.5/100 0.2/1 1/25 19.5/38.71
6 14.8/76.3 19.4/100 10.1/52.1 1.4/7.2 1/25 19.4/30.94
7 16.5/48.5 5.7/29.5 11.5/59.6 3.8/19.7 1/25 19.3/26.04
8 13.7/71.4 0.1/0.5 19.2/100 8.2/42.7 1/25 19.2/28.45
9 10.5/54.7 3.1/16.1 19.2/100 17.8/92.7 3/75 19.2/40.2
10 0/0 16.4/85.4 19.2/100 19.2/100 4/100 19.2/45.76
11 2.1/11.1 0/0 19/100 1052.6 0/0 19/19.44
12 14.2/74.7 6.8/35.8 17.3/91.1 6.5/34.2 2/50 19/33.93
13 11.3/100 9.9/87.6 6.1/54 1.9/16.8 1/25 11.3/33.65
2 option

1 9/43.6 0/0 20.8/100 18/86.5 1/25 20.8/30.26
2 14.2/63.7 0/0 22.3/100 20/89.7 1/25 22.3/33.05
3 11.6/56.3 20.3/98.5 13.8/67 20.6/100 1/25 20.6/41.18
4 9.3/75.6 12.3/100 0/0 4.6/37.4 0/0 12.3/25.29
5 10.4/59.4 17.5/100 4.4/25.1 0.7/4 1/25 17.5/25.36
6 13.6/86.6 15.7/100 6.6/42 0.8/5.1 1/25 15.7/30.72
7 17.9/88.2 20.3/100 16.3/80.3 1.3/6.4 1/25 20.3/32.61
8 21.9/00 21.9/100 5.1/23.3 1.4/6.4 1/25 21.9/30.24
9 15.4/91.7 16.8/100 14.3/85.1 0.9/5.4 2/50 16.8/39.44
10 14.9/69.3 15/698 21.5/100 17.4/80.9 2/50 21.5/43.93
11 16.2/74 1.2/5.5 21.9/100 12.9/58.9 3/75 21.9/37.21
12 15.9/73.6 21/97.2 21.6/100 10.8/50 1/25 21.6/41.06
13 22.3100 22.3/100 10.4/46.6 5.2/23.3 1/25 22.3/35.02
14 12.3/50.4 7.2/29.5 24.4/100 5.2/21.3 1/25 24.4/26.86
15 14.2/61.5 0.3/1.3 23.1/100 1.9/8.2 2/50 23.1/26.24
16 11.6/92.1 10/79.4 12.4/98.4 2.7/21.4 1/25 12.6/37.55
17 17.7/100 7.5/42.4 12.1/68.4 2.4/13.6 1/25 17.7/29.6

The weights of plots in Table 1 are not final. Each
factor influence differently to the value of geo-envi-
ronmental risk and the weights should be corrected.

Previously, a expert's survey was conducted and
weight coefficients for each factor were determined
by the analytic hierarchy process (Korobov 2008).
The multiplication of weight factors to appropriate
values from Table 1 gives final weights, which are
shown in Table 2.

For clarity, the final weights are transformed thus
that sum of weights equal to 1000.

The final weights allow to compare not only par-
ticular plots but and options of pipeline. The average

weight of geoecological risk for the first option of
pipeline equal 34.11, it's greater than the weight of
the second option of pipeline which equal 32.74. That
means, that volume of geoecological risk distributed
along the length of the pipeline for the first option is
bigger than for the second, which confirms the previ-
ous conclusions which are based on a pair compari-
son of geoecological risk factors.

Comparing the weights and the final weights of envi-
ronmental risk shows that they are different, but slightly.

Identification of areas for which activates is neces-
sary to minimize geo-ecological risks require division
of plots to groups.
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Table 2. Distribution of geoecological risk indicators taking into account weight coefficients

Neplot  Cryogenic processes  Soils relatively Rock formations Wetlands Crossings of Final weight
resistant to with relatively high pipeline with
anthropogenic bearing capacity watercourses and
impact reservoirs

1 option

1 6.7 0.0 5.1 17.6 5.1 34.6
2 3.6 0.3 5.1 15.1 15.2 39.4
3 9.3 6.7 1.4 17.6 5.1 40.1
4 8.1 7.0 1.2 2.6 15.2 34.1
5 15.5 7.0 5.1 0.2 5.1 32.9
6 11.8 7.0 2.7 1.3 5.1 27.8
7 13.2 2.1 3.1 3.5 5.1 26.9
8 11.0 0.0 5.1 7.5 5.1 28.8
9 8.5 1.1 5.1 16.3 15.2 46.3
10 0.0 6.0 5.1 17.6 20.3 49.0
11 1.7 0.0 5.1 9.3 0.0 16.1
12 11.6 2.5 4.7 6.0 10.2 34.9
13 15.5 6.1 2.8 3.0 5.1 32.4
2 option

1 6.7 0.0 5.1 15.2 5.1 32.2
2 9.9 0.0 5.1 15.8 5.1 359
3 8.7 6.9 3.4 17.6 5.1 41.7
4 11.7 7.0 0.0 6.6 0.0 25.3
5 9.2 7.0 1.3 0.7 5.1 23.3
6 13.4 7.0 2.2 0.9 5.1 28.5
7 13.6 7.0 4.1 1.1 5.1 31.0
8 15.5 7.0 1.2 1.1 5.1 29.9
9 14.2 7.0 4.4 0.9 10.2 36.7
10 10.7 4.9 5.1 14.2 10.2 45.1
11 11.4 0.4 5.1 10.4 15.2 42.6
12 11.4 6.8 5.1 8.8 5.1 37.2
13 15.5 7.0 2.4 4.1 5.1 34.0
14 7.8 2.1 5.1 3.8 5.1 23.8
15 9.5 0.1 5.1 1.4 10.2 26.4
16 14.2 5.5 5.1 3.8 5.1 33.7
17 15.5 3.0 3.5 2.4 5.1 29.4

Table 3. Parcel groups

Group Weight
1 0-28.8
2 28.9-37.2
3 37.3-49

The presented plots can be divided into 3 groups
according by the method of natural breaks (Jenks
1976) in the QGIS - Table 3 (Fig. 3).

The first group includes the plots least damaged to '
environmental risk in relation to others. Activities for ~Fig- 3. Distribution of plots by groups of geoecological
minimization of geo-ecological risk are not required ~risk: green colour —first group; yellow colour — second
for plots from this group, but that is possible if one of ~ group; red colour — third group

the indicators is much higher than others.
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The second group includes plots slightly damaged
to geo-ecological risk. Activities for minimization of
geo-ecological risk are necessary for plots from this
group, to minimizing one or two factors of geo-eco-
logical risk.

The third group includes plots damage to envi-
ronmental risk. Plots from this group need complex
activities to minimize geo-ecological risks aimed at
several factors.

The distribution of plots into groups gives infor-
mation about the scale of the necessary activities to
minimize geoecological risks, but it doesn't give in-
formation about kind of activities. To do this, it is
necessary to identify the major indicators on each of
the plots. Analysis of information from Table 3 shows
that indicators with an estimate of 10 or more are the
most pronounced. Identified indicators help to find
out which kind of activities is necessary for every plot.

Results

1. The geoecological risks associated with low bear-
ing capacity of soils and high susceptibility of
soils in all areas are significantly lower than for
other factors and do not require special activities.

2. Two plots are not affected by any factors, and do
not require special activities to minimize risks.

3. Most plots affected by some factor of geoecolog-
ical risk and needs some kind of special activi-
ties to minimize risks.

4. Only two plots are affected by three factors of
geoecological risk and needs complex activities
to minimize risks.
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