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Knrouesvie crosa:

BBIOOp BapHaHTa TPacChl
TpyOOIpPOBOJa, KOHKPETHbIE
HHKEHEPHO-TE0JIOTNYECKHE
YCIIOBUSL, HPOKJIA/IKA TPYObI U
CTPOUTENILCTBO CUCTEMBI,
JIOCTOMHCTBA U [IPOOIEMHOCTh

BBIOPAHHOTO BapHaHTa TPACCHI.

The subject of the paper is the response of the natural environment to various impacts associated with the oil and gas industry. The
paper is devoted to the analysis of the current state of implementation of the project of development of the gas transportation system
"Power of Siberia" in East and Southeast Siberia. The purpose of the study is to show the problems that arise at various stages of
creating the object. That includes choosing the apropriate pipeline route and method of pipe laying.

The project of gas transoptation system (GTS) "Power of Siberia" in East Siberia is being successfully implemented
recently. The stages of exploration and design are completed, pipe is being layed. After successful research and design, one
of the most important stages (pipe laying and system building in general) has started. Studying the seasonal and permafrost
rocks is a very special direction in the general integrated system of engineering and geological knowledge. It is important to
consider both studied parameters such as composition, structure, properties of rocks, and features of aggregate states of the
object of research. Negative temperatures cause fundamental differences in the composition of rocks with the development
of diverse underground ice, sometimes constituting up to 90 % of the thickness, and other characteristics.

The main results of ecological and geocryological research recently performed by Melnikov Permafrost Institute of the
Siberian Branch of the Russian Academy of Sciences, which have revealed the main difficulties of the project and show the
ways of their solution, are given. Advantages and features of the selected route in the specific engineering and geological
conditions are described. The need for underground method of pipe laying is confirmed.

It is concluded that complex and diverse natural conditions of the route of the GTS determine a number of specific
problems at the stages of construction and operation within areas with permafrost soils and dangerous geocryological and
engineering-geocryological processes. It is possible to avoid them only while studying the most difficult areas.
Recommendations on the structure of department of engineering and geocryological monitoring are given.

IMpenMeroM cTaThy SIBIISICTCS PEaKIys MPUPOIHOH CPelibl HA PaslIMUHBIC BO3JACHCTBHS, CBA3AHHBIC C HE(TEra3oBOi OTPaCIbIO.
INpoaHanM3nupoBaHO COBPEMEHHOE COCTOSIHHME PEeaM3aliid MPOEKTa CO3JaHHs Ta30TPAHCIOPTHOH cucTembl «Cuma Cubupm»
B Bocrounoit u ¥Oro-Bocrounoit Cubupu. Llens nccnenoBanust — mokasars MpoOieMsl, BO3HUKAIOIME HA PA3INYHbIX CTAIMsX
co3aanust 00bekTa. K HuM OTHeceHsI BEIOOp BapHaHTa TPAcchl TPYOOIIPOBO/A, CIIOCO0a MPOKIAAKH TPYObL.

Ipoext raszorpancnoptHoii cuctembl (I'TC) «Cuna Cubupu» B Boctounoit Cubupu B IOCIeAHES BPeMs YCIHEIIHO
peanu3yercs. 3aBepIICHbl CTAJNM H3BICKAHUII M IPOEKTUPOBAHMS, B pasrape Npokiaaka TpyOsl. Ilocie ycremmHsix
M3BICKAHUH M MPOSKTHPOBAHMs HAayaT OAWH U3 HanOoyee OTBETCTBEHHBIX HTANOB — IPOKIAAKa TPYObl U CTPOUTENLCTBO
CHCTEeMBl B IEJIOM. B o0O0mmeld KOMIUIGKCHOH CHCTeMEe WH)KEHEPHO-TeOJOTMYECKHX 3HAHUH COBEPLICHHO OCOOBIM
HaIpaBJICHHEM SIBJIACTCS M3ydEHHE CE30HHO- M MHOTOJIETHE-Mep3JIbIX Mopo. M 1ero He TONbKO B M3y4aeMbIX Iapamerpax —
cocTaBe, CTPOCHUM M CBOICTBaX TOPHEIX MOPOJ, HO U B OCOOEHHOCTSX arperaTHBIX COCTOSHMII 0OBEKTa MCCIEIOBAHUIA.
OtpunarenabHble TEMIEPATypbl OOYCIOBIMBAIOT INPHUHIMIHAIbGHBIE OTAMYMS B COCTABE TOPHBIX IMOPOX C Pa3sBUTHEM
Pa3HOOOPa3HBIX MOA3EMHBIX JIbJIOB, HHOTJd COCTABISIONMX 10 90 % TOMIIHN, 1 HHBIX XapaKTePUCTHK.

TTpyBeaeHb! OCHOBHBIE PE3yNIbTAThI SKOJIOTO-T€OKPHOIOTHUECKUX HecnenoBannii MinctutyTta Mep3noroenenns CO PAH mocnemmmx
JIET, MO3BOJIMBIINE BBIIBUTH IVIABHBIC CIOKHOCTH TPOEKTA M IMOKA3aTh MyTH MX pelieHus. IToKa3aHbl JOCTOMHCTBA M OMMCAHBI
TpoOJIeMbI BHIOPAHHOTO BapHaHTA TPAacChl B KOHKPETHBIX MHKCHEPHO-TCOJIOTMYECKHUX YCIIOBHSIX, MOATBEPXK/ICHA LIeNeco00pasHOCTh
TIPUMEHEHHS TTOJ3EMHOTO criocoda MpoKiaaku Tpyo. CliesiaHb! BEIBOJIBI, UTO CIOKHBIC K PA3HOOOPA3HbIE MPHPOIHBIE YCIIOBUS TPAcChl
I'TC o0ycnoBmiBaloT Ha CTaAMsX CTPOMTENBCTBA M OKCIUIyaTalud B IpPEEaX Y4acTKOB C MHOTOJICTHE-MEP3NIBIMH TPYHTAMH M
ONAaCHBIMHA TEOKPHOJIOTHYECKHUMH ¥ MH)KCHEPHO-TeOKPHOJIOTHYECKIMH TIpOLieccaMy Psii crieluuyeckix npooieM. M30exats ux
MO>KHO JIUIIIb TIPH YCTIOBUM JIOM3YUEHHS HANOOIIEE CII0XKHBIX YJaCTKOB.
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Introduction

The project of gas transmission system (GTS)
“Power of Siberia” has been successfully
implemented in Eastern Siberia recently.
Exploration and design stages are completed. Pipe
laying is in the middle stage. Complex natural
(including engineering and geological conditions
of the route), geotechnical and geoecological
characteristics of the pipeline as well as a number
of following points of different departmental
affiliations have been discussed recently [1-32].
The pipe laying process at of the beginning of
2017 is considered in [33, 34, 36]. A particularly
important task of the current stage is to obtain
operational information on the state of the natural
environment along the GTS route, namely,
reaction of its most dynamic components,
including permafrost rocks, to technogenic
impacts. In case the materials mentioed above are
not given or insufficient it usually leads to
uncertainty when selecting the nature management
strategy. The uncertainty is associated with
mability to develop a plan for specific
environmental and compensation measures. Their
implementation allows to significantly reducing
the damage from development.

This position can be confirmed by the
following unfortunate example. In the middle of
last century a grandiose construction of the largest
complex “Atommash” for the production of
equipment for the nuclear industry was launched in
the Volga region. Substandard research and design
led to serious mistakes.

The volume of materials on geotechnical
properties of rocks, sufficient for reliable
predictions was not received. As a result, the
complex was placed on subsidence grounds.
Moreover, when designing for the sake of
economy, it was decided to cut several meters of
the length of piles in grounds of huge and many
hundreds of meters long hulls.

As a result of a significant rise in a
groundwater level, fed by unusually large amounts
of precipitation, unacceptable subsidence of rocks
occurred in foundations of many buildings,
resulting in violations of their stability even before
the construction was completed. There were no

technical solutions for correcting the situation at
the time. It was not possible to develop new ones.
The construction had to be mothballed. Thus, due
to criminal negligence and underestimation of the
value of engineering and geological support for
construction, colossal budgetary losses were
committed.

In a general complex system of engineering-
geological knowledge study of seasonal and
permafrost rocks is a very special area. That is not
just a problem of the parameters studied such as
composition, structure and properties of rocks.
Features of the aggregate states of a research
object should be considered as well. The
temperatures below zero can cause fundamental
differences in composition of rocks with
development of a variety of underground ice up to
90 % in thickness sometimes and other
characteristics. In development of the northern
territories, when layers with specific properties are
fundamentally different from the properties of not
permafrost rocks these properties are of particular
importance.

That is not possible to develop modern
cryolithozone, use its resources, as well as living
of the urban and rural population are impossible
without a systematic assessment of the cumulative
impact on it of both projected and existing
industrial ~ facilities.  Their  interconnection
combined with an assessment of the consequences
of socio-economic, ecological, historical-cultural
and medical-biological processes is a complex task
that requires the deep systematic approach and has
a fundamental social and regional importance. The
ecological-geocryological component has recently
become the most relevant in the general system of
engineering-geological knowledge.

Ecological, geocryological conditions
and challenges of the GTS route

It was mentioned above that one of the serious
obstacles to implementation of a project is the lack
of operational information on the state of the
natural environment along the route. In this regard,
results of comprehensive studies of staff of the
Melnikov Permafrost Institute of the Siberian
Branch of the Russian Academy of Sciences
obtained recently became interesting in particular.
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In general, the relief that cause the variety of
natural conditions of the route causing the diversity
of the GTS is complex. That includes high
mountain ranges, plateaus, uplands and lowlands,
divided by river valleys [13, 19, 20, 32]. The
highest mountains are located in the southern and
south-eastern parts of the territory, where the
prevailing elevation above the sea level is from
800 to 1500 m. The main elements are elongated in
the sublatitudinal or north-eastern direction. The
area of the Aldan plateau includes large Mesozoic-
Cenozoic morphostructures of the latitudinal
direction such as the Chulman basin and Central-
Aldan low-lying arch. The morphostructure of the
Chulman basin, made of sandy-argillaceous
deposits of the Jurassic and Lower Cretaceous, is
characterized by a plateau type relief. The relief of
the Chulman plateau is characterized by the
presence of wide flat or gently sloping watersheds
with rather steep stepped slopes. The heights of the
watersheds are 950-1050 m and increase to the
south up to 1200 m.

The pipeline route crosses the Stanovoy
Range at the junction of the Republic of Sakha
(within the Neryungri District) and the Amur
Region within the Tynda District. Stanovoy
ridge consists of two and in some places three
parallel chains, not always clearly expressed
orographically. Absolute altitudes along the route
reach 1000-1100 m.

Geocryological and engineering-geocryological
conditions along the GTS route “Power of Siberia”

are extremely various and complex [1, 9, 11, 13,
14-16, 21-28, 31]. In general, the permafrost
covers about a third of the route, recorded areas
with all types of their spatial distribution — from
continuous and intermittent to island and sporadic.
In terms of a rock section, the strata is represented
by both monotonous and polygenic structure, while
the latter are the most dangerous for pipelines laid
underground causing additional stresses in pipes
such as frozen soil systems.

The temperature of rocks at the base of a layer
of its annual fluctuations, usually 10-12 m, varies
widely, depending on the soil cover, composition,
structure and properties of the rocks themselves.
The lowest temperatures are typical for low areas
of development of waterlogged, sometimes
swampy soils and the most elevated mountain
areas, reaching there —6,5 °C [15, 16]. The Fig. 1
shows the temporal dynamics of the temperature of
rocks on one of their sections of the route.

Against the background of such a variety of
natural conditions engineering-geological cryogenic
processes are complex, especially dangerous for
while completion [2-8, 12, 17, 18, 29, 32]. They are
characterized by a Variety of forms and confinement
to certain elements of the relief (bottoms and lower
parts of the slopes of the valleys). They are more
limited they are developed on the watersheds.

Frost-breaking fracturing of rocks, cryogenic
weathering, glare ice formation and soil priming
are spread widely, when thermokarst and
solifluction are not so common [22, 32].
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Fig. 1. Dynamics of rock temperature in the section “AYaN”
for the period 2008-2015
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Frost cracking causes the loss of solidity and
strength of rock massifs, formation of processes
and phenomena unfavorable for construction and
operation of engineering structures, such as
fractures (Fig. 2) and stone seas (kurums) (Fig. 3).

At the foot of small local uplifts, deposits of
underground ice, numerous forms of coarse and
small hilly relief (Fig. 4) are formed, and slope
processes.

The freezing cracks in the surface sediments
and polygonal relief associated with them are most
clearly expressed on the surface of low
accumulated terraces, in the lower parts of the
gentle slopes, the upper reaches of the rivers
Iengra, Timpton, Ulahan-Legliger and others.

Fig. 2. Fracrures on the roadway with a hard
surface at the mouth of the river. The Great Key.
Photo by S.I. Serikova, 2015

Fig. 3. Stone sea on the slope of the interfluve of rivers
Taiga, Goltsovy, composed of large-grained material.
Photo by S.I. Serikova, 2015

Fig. 4. Littered bumpy-sapstone section
of the GTS route. Photo I1.V. Dorofeeva, 2012

Here the average sizes of the polygons reach
10x10 m, which indicates low average annual rock
temperatures. The maximum width of cracks on
the terraces above the floodplain reaches 0.2-0.5 m
with a length of 20-40 m and a visible depth
of 2-3 m. At the watersheds and in the upper
reaches of the valleys there are peat bogs, which
are peat blocks measuring 30x50 m, separated by a
polygonal network of fractures. The blocks from
the surface are composed of peat up to 2-3 m thick,
underlain by heavy loams containing ice veins up
to 3 m thick and up to 2 m wide. The maximum
width of veins is fixed on the contact of peat and
loam. Repeated veins of ice are found in the
valleys of rivers Orochenka, Vasilyevka, Nikolkin
klyuch, and others. Fracturing in ductile (sandy
loamy) rocks, not accompanied by the filling of
cracks with water and formation of veins of ice is
the most characteristic for the territory under
consideration [32]. This kind of cracking is
expressed in formation of a special type of frozen
micro relief — bumpy mare with a polygon size
from 2x1.5 to 3%5 m, less often up to 5x10 m. The
width of fractures varies from 5-15 cm to 0.5 m
and more at a depth of 0.2 to 0.7 m. On the gently
sloping (1-3°) sections of the slopes, the fracture of
the surface soils is clear and polygons have large
side dimensions of tens of meters. The polygons
are smaller on steeper slopes (3-6 °).

In addition to the polygonal relief structural
forms of the microrelief in the form of stone
polygons, especially widely developed in the
central part of the Aldan plateau, stone rings and
bands on the Chulman plateau [32]. Usually, stone
polygons reach a diameter of 2-3 m on the rocks of
carbonate and terrigenous formations and 3-10 m
on the rocks of the magmatic group of formations.
Polygon borders are often represented by
fragments of rock formations from 0.1 to 1 meter
or more in size, bearing traces of frost sorting and
bulging, and rocks within polygons or rings are of
smaller size or generally represented by fine earth.
Polygons have a shape close to the right one and
on steeper slopes (up to 10°) they often take the
form of stone bands. Mountain terraces are the
example of polygonal relief within the
development of rock on flat watersheds [29].

ISSN 2224-9923. Bectnux [THUITY. I'eonorus. Hedrerazosoe u roproe neno. 2018. T.17, Ne2. C.189-200



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2018. Vol.17, no.2. P.189-200 193

The shallow occurrence along the permafrost
route and associated waters of seasonal thawing
layer contributes to broad development of soil
preparation processes that are very unfavorable for
engineering development. There are two types of
developmental of high spot such as annual and
perennial. Permafrost mounds are developed the
most widely in the swampy upper reaches of river
valleys and in areas composed of loamy, decayed
sediments [32]. In addition, permafrost mounds are
noted in swampy and mossy areas of terraces and
watersheds, and especially within the weakly
dissected part of the Aldan plateau.

Seasonal (annual) mounds in 0.5-0.8 height
and 1-2 m in diameter are mainly confined to areas
of excessive moistening — rear seams of the
terraces, channel sections of streams and rivers,
watershed saddles, marshy slopes [32]. Numerous
lenses or ice layers are observed in cores of
hillocks. Such mounds form a specific microrelief
of bottoms of most of the watercourses of basins of
the rivers of the Small and Large Nimnyr, Ulahan-
Lehliger and others that is characterised
by widespread development of a specific “drunk
forest”.

Perennial mounds such as hydrolyser-colites
occur more locally, reach a height of 5 m and
diameter of the base of 15-25 m. They are usually
confined to places of unloading of fissured veins
and other groundwater (basins of the rivers
Vasilyevka, Kerak etc.) [32]. The largest mound
on the floodplain of the river Gorblyakh is
recorded within the watered sedge-sphagnum
marsh. The shape of the hill is oval, the height
is 4-5 m and length of the base is 15-20 m.

Patches-medallions, stone polygons and others
are widely spread [32] which is another example of
blow-ups and assortment. The process of irregular
blow-up, associated with freezing of water in a
closed volume, is the most geotechnically
dangerous one and can lead to buckling of
underground pipelines due to the inflow of
moisture to the freezing front.

There are deposits of underground ice of two
generations such as re-veined and injected
observed at the route of the GTS laying. In the
northern part of the route, re-veined ice is confined
to terraces of large floodplains and fragments of

the lake-alluvial plain in the areas of the middle
Lena, where thermokarst lakes are found in their
development areas. Certain coming outs of re-
veined ice for the route of study are known in the
valleys of some rivers of the Aldanskiy Shield in
southern Yakutia and even in the north of the
Amur Region [1-3].

Surface deposits have small ice content with a
shallow bedding of the bedrock on most of the
GTS route. Therefore, small thermokarst shapes of
destructive orientation dominate there. They are
represented by hollows and funnels that reach
0.5-2.0 m in diameter and 0.5 m in depth and
developed in Precambrian metamorphic and
magmatic formations on flat regions of the
distribution of rocks. They are caused mainly by an
increase in depth of seasonal thawing of highly icy
deluvium loams during evolution of a microrelief
and vegetation cover. Thermokarst lakes of 300 m
in diameter (Kabakta river basin etc.) are presented
less often [1]. To the south of the village Chulman
thermokarst lakes are more common in the valley
of the river Gorbylyakh, on the first terrace in
particular. The lakes is rounded or oval-drawn, the
bottom is flat. Diameter of small ones is in the
range from 5.0 to 10.0 m, large ones — up
to 200-300 m. According to [3], features of the
geographical distribution of permafrost in South
Yakutia suggest that there is no thermokarst
processes only on slopes and watersheds of the
Lena-Aldanskiy and Chulman Plateaus.

Another structure of thermokarst is found
within the sharply devided planar massifs such as a
mound-hollow relief. It is usually formed in
bottoms of narrow river valleys, filled with
fluvioglacial material, which has a great ice
content and erosion-thermokarst origin. Rounded
mounds with a diameter of 15-50 m and height of
up to 2.0 m, separated by strips of articulating
hollow, genetically represent fragments of the first
or second above-flood terraces. Areas of alluvial
plains (Tokarikano-lengarsaya and others) and
gently undulating areas of plateaus (Chulmanskiy,
Nimnyro-Ylymakhskiy) are special in terms of
development of thermokarst. The specificity of
thermokarst relief structure here is determined by
the high ice content of the cover deposits and
conditions for discharge of surface waters [32].
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Thawing of underground ice in combination
with frost puffing, frost busting, solifluction,
erosion and flat flushing create here original
complexes of cryogenic relief forms that are not
found in other parts of the central part of South
Yakutia [2, 3].

It should be especially noted that the territory,
which is affected by the construction and operation
of the main gas pipeline “Power of Siberia”,
belongs to one of the most dangerous regions in our
country [2-8, 10, 17]. In accordance with the
materials available, only 12 sections of soil
grounding and three with ice were recorded within
the section of the Chayanda-Lensk route. There
were 3 sites with ice and 273 sites of seasonal or
long-term swelling in Lensk-Skovorodino section.
Ice is quite often formed accompanied by the
development of seasonal and perennial mounds as
well as thermokarst processes in deposits of injected
and re-veined ice. Therefore, all those sites should
be considered in terms of engineering development
as potentially hazardous ice formation.

Results of interpretation of spatial patterns of
the development of ice sheets along the route of
the GTS testify to their wide distribution from the
central part of southern Yakutia to south of the
Amur Region. In such conditions there is a
possibility of an increase in ice formation at the
intersections with the route.

Experience of the previous engineering
development (construction and operation of the
federal motorway Lena, often referred to as
AYaM, the Amur-Yakutsk railway and Baikal-
Amur railway, the East Siberia-Pacific Ocean oil
pipeline) [2, 18, 33, 34 , 35], the areas of ice
formation within the mountain sections of the route
should be concidered as the most geotechnically
problematic. The impact of the pipeline itself and
other associated engineering structures on the
ground causes a change in the thermal regime and
properties there. Permafrost karst has the same
complexity and integrity. There are data on
multiplicity and activity of karst craters in the
areas of permafrost development within the Lena-
Aldan karst plateaus located north of the Siberian
Power Plant route, active karst craters directly in
the Priyuyskaya part of the Chayandinskoye oil
and gas gas condensate field (ChOGCF), at the

Yakokit-Seligdarskoe interfluve, transition of the
Aldan and Chulman plateau [20, 30]. Such sites
are particularly dangerous in terms of geotechnical
reliability and require close attention from the
period of reconnaissance work to stages of
construction and operation. That areas usually
become the basis for development of other
processes such as active tectonic faults, weakened
zones of crushing of bedrock, ice formation etc.

The ChOGCF is a GTS source base, which
represnts a slightly hilly plain in orographic scence
[20]. It was discovered in 1989 and includes two
smaller deposits such as Ozernoe and Nizhne-
Hamakinskoye. According to the oil geological
zoning, the area belongs to the Nepa-
Botuobinskaya oil and gas region which is the
richest in the known reserves of hydrocarbons and
forecast resources of the part of the Leno-
Tungusskaya oil and gas province, where 13 oil
and gas fields are explored including three large
and one unique.

Basal deposits of the Riphean-Vendian-Lower
Cambrian terrigenous-carbonate complex are the
main oil and gas bearing strata. The field is
confined to a large non-anticlinal trap in the
northeastern part of the Nepa arch and associated
with zones of wedging of Vendian sandstones.

The main formations are as follows:
botuobinskiy (corresponds to the lower sub-series
of the Byukskaya suite), Hamakinskiy (correspond
to the upper sub-series of the Parshinskaya series).
The formations are composed of lenticular bodies
of predominantly medium and fine-grained well-
sorted sandstones with quartz and sulfate-
carbonate cement. Thickness of the bodies reaches
20 m. All reservoirs are layer-type, lithologically
and tectonically shielded. Depth of the deposit is
1450-1850 m. Disruptive violations divide the field
into two blocks such as the northern and southern
ones. There are three types of gas: methane (86 %),
low-carbon, nitrogen gas (up to 8 %) and low-
condensate gas. The gas deposits contain oil rims.
Oil is heavy, tarry, sulfurous and paraftinic.

Current state of the project

Currently, the main focus is on two main
aspects of project implementation. First of all, it is
a set of challenges related directly to construction
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of the pipeline. Secondly, continuous development
of the resource base of the GTS — Chayandinskoe
OGCEF. The history of the initial stages of project
implementation was covered earlier [34].

On 21 May 2014 Gazprom and CNPC signed a
30-year contract for purchase and sale of Russian gas
along the eastern route via the “Power of Siberia” gas
pipeline. The document assumes the supply of
38 billion cubic meters of gas per year to China.
In 2015 Gazprom and CNPC signed a memorandum
of understanding on the project of pipeline supplies
of natural gas to China from the Russian Far East.
In 2016 the companies signed a memorandum
on gas storage and power generation in China
and memorandum on study of the possibility of
cooperation in the field of gas engine fuel.

On 4 July 2017 Gazprom and CNPC signed an
additional agreement to the contract of sale of
natural gas along the eastern route. According to
the document, gas supplies to the People's
Republic of China should begin on 20 December
2019 [35].

Gazprom has already built 1 thousand 120 km
of the “Power of Siberia” pipeline, 1 thousand
348 km welded into a line, the chairman of the
board of Gazprom PJSC A. Miller told journalists.

At the end of 2017 A. Miller confirmed that the
supply of “blue fuel” to China will begin exactly
on time. According to the agreement with the
Chinese corporation CNPC, Russia will supply 38
billion cubic meters per year for 30 years with a
total contract amount of $ 400 billion [36]. In
addition to the pipeline, construction of a huge
Amurskiy gas refining plant, which will become
the largest in Russia, will be an important link in
the chain of gas supplies to China and one of the
world's largest natural gas refining enterprises. The
design capacity of the plant will reach 49 billion
cubic meters of gas per year. The structure of the
plant will also include the world's largest
production of helium — up to 60 million m® a year.
The plant will receive a multicomponent gas from
Yakutsk and Irkutsk gas production centers, which
Gazprom creates within the framework of the
eastern gas program. Such valuable for gas-
chemical and other industries gases as ethane,
propane, butane, pentane-hexane fraction and
helium will be released at the gas refining plant.

The Chayandinskoe deposit has a complex
geological structure and special thermobaric
reservoir conditions. Therefore, Gazprom uses the
most advanced technical achievements for its
development. Technologies that need a small
number of employees are used in rough natural and
climate conditions of Yakutia, which presuppose
control over the operation of equipment and
complex management of objects in automatic
mode. Such the approach contributes to
optimization of the number of staff, reduction of
transport costs in the transport of people, refusal of
excessive construction of infrastructure associated
with the stay of workers in facilities.

The field has a large area, therefore, in order to
reduce costs for construction of power lines in
remote bushes of gas wells, it is planned to use
autonomous sources of energy supply based on
renewable energy sources.

The Chayandinskoye field will be the first one
in Russia at which the technology of membrane
extraction of helium from natural gas directly into
the field will be implemented [34]. The technology
allows sending the amount of helium that will be in
demand in market to the pipeline. In the last
development period, eighteen exploratory wells
were drilled in the field, more than 4,000 km?
were explored with 3D-siesmic. That will help
to assess in detail the majority of categories
of reserves.

An assessment of the degree of environmental
damage risk during the project is another serious
problem [34, 37]. There are many approaches to
this assessment [37-48]. Experts have to choose
the most reliable and objective as applied to local
conditions.

Conclusion

According to results of the studies conducted,
the most complex arecas where systematic
monitoring studies are needed related to the threat
of thermokarst in deposits of underground ice and
ice beds belong to the area from the river Biryuk to
Olekma. The section between the Chayandinskoye
field and compressor station (CS) 4
“Nimnyrskaya” and small section between the
“Nimnyrskaya” CS and Nagornaya compressor
station is under the karst danger. There is an ice
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danger on the section of the route from the river
Nyuya up to the river Maly Inym.

Particular attention should be given to the
permafrost karst developed on the Lena-Aldanskiy
and Prilensky Plateaus. There are places with
active  karst  funnels even  within the
Chayandinskoe OGCF. That can lead to serious
negative consequences and failures of technogenic
systems in case of anthropogenic violation during
construction and exploitation of the GTS. It is
noted that in case of several effects exogenous
processes on the same section of the pipeline route,
even if they are at different times, the damage to
geosystems increases and geotechnical risks of
operational reliability are exacerbated. Complex
and diverse natural conditions of the route of the

GTS determine a number of specific problems at
the stages of construction and operation within the
areas with perennial-frozen soils and dangerous
geocryological and engineering-geocryological
processes. They can be avoided only if the most
difficult sites are studied:

— nature of permafrost distribution;

— geothermal conditions with wells;

— specific data on spatial development of
cryogenic processes, their dynamics, trends and
intensity;

— thermophysical characteristics of the ground
cover required for prediction of thermal
engineering calculations.

That will reduce the effect of technological
hazards and cost of their optimization.
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