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Abstract. The possibilities of the geoinformation system using for the planning of
transportation and export of mineral and raw matefrom the water area of the Northern Sea
Route (NSR) are considered. In the near future0h8-2020, the number of large-capacity
vessels in the western part of the NSR can be asexk due to LNG (liquefied natural gas)
tankers in the Yamal-LNG project to 16 units (cathg only 5 gas tankers are in operation),
due to the petroleum tankers in the New Port ptogaw due to the vessels with general
cargoes to the new projects - Arctic LNG and Voblgél. The analysis of maritime transport
flows in the NSR significantly differs from otheinkls of transport, navigation follows the
recommended routes, i.e. there are no clear boyndamditions for the movement, the
parameters of the vessel's movement substantiajyertt on the ice situation and the
hydrometeorological conditions, with which thereaisonstant interaction. The developed GIS
for the NSR make it possible to calculate the med#l potential hazard, which are taken
depending on the following criteria: a distancewsstn the vessels, courses crossing, an ice
situation and hydrographic study of the navigatavea. The developed model of the ship
security domain is a geographic area associatddthé route, course and speed of the vessel
movement, for which security conditions were defaesd in the selected time period. The
calculated analysis of the number of vessels aail #verage speed in the water area of the
NSR along several zones during the summer and wimdgigation was performed. The
completed study of the movement routes of LNG taslke the NSR water area (Kara Sea —
port Sabetta) showed that the most stable traffraeter is the average speed on the certain
sections of the route, which coincides for eactihef vessels. The relative values of speed,
route distance, ice situation, flow complexity,.atith the processing of AIS data of previous
periods are the most logical to use for constractiba model of marine transport flows in the
NSR water area

1. Introduction

The navigational and environmental risks are onethef deterrents for the development of the
Northern Sea Route (NSR). Environmental risks, amula, are a consequence of navigational
accidents, therefore they are decisive. Navigatigks are associated with the probability of acctde
connected with vessels grounding, touching themptpice damage, storms and the unquiet of the sea,
with ships bulk accidents on each other and on mgdacilities. The Polar Code came into force in
2017. It is based on the principles of formal satetsessment (FSA) set out in the interim manual fo
the FSA application, which was developed in 199d approved by the Maritime Safety and Marine
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Environment Protection Committees of the IntermaldMaritime Organization (IMO). The essence
of the FSA concept is a priori assessment of thksrof marine environmental incidents and the
development of measures aimed at reducing of thgse

The statistics of the accident rate of the workkfl[1, 2] shows that the accident rate increases
with the increase in shipping intensity, with vdsgennage growth, in shallow areas with insufintie
hydrographic study, in case of mismatch of vesdelign to the ice conditions, during violation of
maneuvering rules in complex hydro and meteoroldgmonditions, during towing, moving in
caravans and under other circumstances. At the Sameeaccording to the Central Marine Research
and Design Institute (CNIIMF) [3], the actual naafignal accident rate on the NSR routes as of 2006
is several times less than the accident rate afidneArctic seas.

Since 2012, the conditions and the mode of nawvigdiave been changed on the NSR routes. First
of all, the following is noted [4-6]:

— change in the intensity of navigation;

— increase in tonnage and draft of vessels;

— the development of a network of routes on whiearyround or extended navigation is realized,;

— commissioning of transport vessels capable éfrsaligation in heavy ices;

— vessels navigation with an extremely low watseree under the keel.

The nature of the conditions change correspondsetdrend of the risk increasing of navigational
accidents on the NSR. The issue about the riskdiofinavigational accidents and about the ratenal
of measures to improve the navigational safety waftié navigation and the ecological safety of the
Arctic seas becomes particularly actual taking @toount the ecological vulnerability of the Arctic
seas. Numerous studies have been devoted to sthvengroblem, which consider separate routes and
areas of the NSR, certain types of vessels andtgheea operations, and efforts on development of
models of the NSR sea transport system are under wa

All the developed navigational models of marinen$ggort systems can be conditionally divided
into three levels:

- 1% level - Micromodels, where the navigational rigisone particular vessel are taken into
account;

- 2" level - Mesomodels where navigational risks belam@ group of vessels operating on the
individual directions, areas or objects;

- 39 level - Macromodels designed to study transpanvsdl in the water area of the NSR as a
whole.

Navigational models of marine transport systems dasigned to study of the interaction of
individual vessels, their groups and the entiretflgith the environment and the limits determinatio
of their safe operation.

The basic structure of models implies the presamieof three formalized parts:

- models of vehicles and the parameters of theirement;

- models of navigational hazards;

- models of vehicles interaction with potential sms of navigational hazards.

Assessment of navigational risks in models refeithee to vehicles, which is especially
characteristic for micromodels, or to the navigatavea and the navigational period, which is more
typical of macromodels.

Theoretically, the issues associated with the cermpbnditions of a single vessel's navigation are
the most developed for the NSR. Studies of the esaud vessels accident rates associated with
collisions with other vessels, grounding and prigniauch, severe ice conditions and other factas ar
discussed in [7-11]. Geo-referencing of navigatioisks, as a rule, is not made. The parameters of
the transport flows are not taken into account.

The influence of navigational, hydrographic and roydeteorological factors on the navigation
safety in the separate directions and areas oAitiec seas is comprehensively explored at thegtesi
and operation of new routes of vessels traffic.iyithe research, the most navigationally dangerous
areas of the investigated water area are deternsinddecommendations on a decrease of the risk of
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navigationalaccidents at these sites are developed. The ngsticant examples of recent studies
the works on the formation of hi-latitude NSR tracks, routes of larggnage marine vessels in 1
Kara Sea (the Dudinka port and the ports of théB@y) [11-13].

The N is a complex transport system whedifferentscale processes oc with varying
intensity. These processes are associated withgeBaof the density and dynamic characteristic
marine transport flows. The formation of an infotima systenthat unites models of all levels sho
precede the research of these proce

The search for appaghes to the formation of st system is being actively made at the pre
time. Examples are the following works. In the sgmf works [1-16], an interdisciplinary approa
to designing and analysis of the marine transpatiesns operation in the Arctic using geoinforma
systens (GIS) is substantiated. A technique for consingcthe stochastic models of the lo
transport systems, which can be referred, accordnghe classification proposed earlier,
mesomodels is proposed. The ways of transition fparticular to gerral models of marine transpc
systems based on the intellectual GIS are offeresork [17]. Work [18] where a multilayer 3D G
model is used to plan navigational routes for tlmetiNvest Passage of the Arctic also refers to
works. A formalizatiormethod of the safety assessment of the NSR wagar ahich is based on t
model of vehicle interaction with potential souradsnavigational hazards, was developed in v
[19]. Thus, an idea about the necessity to builibbstic GIS of the NSR haseen formed at the
present time.

The purpose of this work is to substantiate thepmsition of the GIS elements, the structure ol
information model of the marine transport flowstbé NSR, and alsto illustrate the solution c
problems obtained using GIS.

2. Methods and Materials

The information basis of the GIS is the daily datavessels and their coordinates coming to
Administration of the Northern Sea Route. The narthe vessel, its ice class and draft are use
additional information. Thus, daily layers showihg \essels location are formed in the GIS data
(DB). A collation of the daily layers allows us igentify the main transport flows and to evaltl
their parameters, including the flux density, ipead and intensity. The GIS facilities allone to
form queries to the database according to the valuéisedfraffic parameters of individual groups
vessels.

An example of a response to a request for the lgeksmtion in the water area of the NSR fc
fixed time interval is shown in Fig. 1. Each ve on the scheme is indicated by an arrow,
direction of which corresponds to the directiorthef vessel's movement for the previous tw-four
hours. The color of the arrow indicat(is the spdeeovesse
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Figure 1. An example of an information GIS layer of the Nin 2017.
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The flux density value at the selected sectiorhefwater area (the flux density is equal to thie|
of the vessels humber to the area of the allocsite}] the vessels number that had had a course
during the last 24 hours, the icebreakers numherntmber of vessels with a predetermined drafi
other information can be obtained on an additioequest for a fixed da

If necessary, on the screen you can trace thdctnaffites o one vessel, group of vessels or
vessels, related to a given time interval. Difféergrpes of requests, including requests by ye
navigational periods, dates, areas, directionscatt be use

3. Results

All the data in the GIS of the NSR allcone to obtain the general results over the past year
further comparisorkig. 2 shows the distribution of the number of regja for passage into the we
area of the NSR (data frorhe Northrn Sea Route Administratio@nd the actual number of vels
(Fig. 3) for 2013-2017The given data show that the number of permitseigsa 2013, 2014 and 20.
was approximately the same. In 2015 and 2016 the&euof issued permits increased by about 1
The maximum number of vessels and requeststo 20152016. It is connected with the delivery
constructional and technological cargoes to thé gfdBabetta and with its construction (Ob BiThe
oil terminal "Gateway to the Arctic" (Kameiy Cape) was also building in this period. The nurrdg
issted permits is not directly related to the intensitf the transport flows on the NSRA
redistribution of marine transport flows took plafrem 2013 to 2017 that caused a signific
increase in the density and intensity of navigatiorthe Kara Sea a a general decline of tt
indicators in the eastern part of the NSR watea.:Vessels are divided into several groups: ves
not of the Arctic class and vessels of the Arcliss, which have glacial strengthening of the Htiie
vessels with categ@s of the glacial strengthening Arc4 and aboverglto the vessels of the Arc
class.
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Figure 2. Number of requests for passage through .
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Figure 3. Number of ship in NSR water art.

The Northern Sea Route Administration issues perfoit navigation depending on the ice cl
and navigation period, herewith the vessels of Actdss can move without an icebreaker,
independentlyThe number of such vessels is constantly grovfrom year to year (Fig. < In 2018
the fleet was replenished with 5 LNG tankers of fivtax class, which can independently mowe
ice with a thickness of 2.1 meteBy the end of 2018, 4 more new LNG tankers willdedivered tc
the NSR. According to auorecasts, by 2020 the number of le-capacity vessels of high ice cle

Arc7 will increase to 40 vessels. To ensure thafe passage in the Ob Bay, it is planned to cra
vessel traffic control system.
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Figure 4. Number of ship with ice class rc7: blue — actual in 2013-201ied - forecast for
2018-2020.

The number of shipwith an ice class Arc4,5 was the maximum in tiwégal of 2016, in the futur
their number probably will not increase signifidgntA consolidated data of the number of s
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vessels is shown in Fig. E:ebreaking support which is limited by the numof nuclear icebreake
is necessary for their movement. During the wintgrigation period, vessels of class Arc4,5 arel
only in the western part of the N¢
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Figure 5. Number of ship with ice class Arc4.

Fig. 6 shows a sample of data from GIS of the NSRfor its construction the data about
speed of the following shipwere usedCHRIS. DE MARGERIE (IMO 9737187), FEDOR LITK
(IMO 9768370), BORIS VILKITSKY (IMO 9768368), EDUAR TOLL (IMO 9750696).
VLADIMIR RUSANOV (IMO 9750701), SHTURMAM SHCHERBININ (IMO 9759927)
SHTURMAN OVTSYN (IMO 9752101), SHTURMAN MALYGIN (IMD 9752096), SHTURMAM
ALBANOV (IMO 9752084), SHTURMAN KOSHELEV (IMO 9759%9), SHTURMAN
SKURATOV (IMO 9759915uring the winter navigatic in the period of 2012018

Figure 6. The rautes of LN«tankers and petroleum tankers in the western gatieoNSR ir
winter navigation in 201201¢.

The obtained data in Fig. 6 give a good representaf the density of marine transport flows. 1
largest density corresponds to the entrance t@thBay, two streams are connected here: the fires
- from the Kara Gate strattie secon«- from the Mys Zhelaniyahe connection of flows occurs to 1
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northeast of the Bely island. The highest speedesponds to clean water in the Barents Sea, in the
water area of the Kara Sea, the speed is significeeduced in the ice fields.

4. Discussion

It should be noted the laboriousness of the forwnatif the GIS database associated with the analysis
of a large amount of information on the vesselgatigg in the water area of the NSR. In prospect, i
is planned to develop and implement the technotifggutomated data input, which will increase the
efficiency of the formation and daily updating b&tGIS database.

The results of queries to the GIS database alloalyaimg the current state and dynamics of the
NSR transport system, taking into account thainf@mation about the vessels position is updated i
the database no more than once a day. This infammatking into account the superposition of
additional layers, including ice and hydrometeogatal situations, the fields of depths, areas @ose
for navigation, etc., can be used to assess the ofsnavigational accidents at the micro, mesat an
macro levels.

GIS allows exploring the density and dynamics ahsport flows in the entire water area of the
NSR in the different navigational periods, whichkes it possible to distinguish separate groups of
vessels in the transport flow, including by draftidy destination.

5. Conclusion

The methods of transportation planning based on, @lBwing one to achieve the maximum
commercial efficiency can be developed on the bafsise analysis of data about the routes of marine
vessels movement over the past few years.

1. The structure of the composition of the GIS @eta of the NSR in the form of separate
information layers designed for the research ofdpart flows in the NSR water area as a whole was
first formulated and justified.

2. The information model of the marine transpastvé in the NSR as a tool allowing forming the
operational data on vessel traffic graphically affdrmatively and obtaining generalized information
within a given time period was offered.

3. The results of this work can be used to degignaids of navigational barriers in the NSR water
area, to plan rescue operations, to assess the eiskavigational accidents and to solve other
problems.
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