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In May-June 2020 two early transits through the Northern Sea Route to the east were made by 
LNG carriers «Christophe de Margerie» and «Vladimir Voronin». The first voyage was accompanied 
by the nuclear icebreaker «Yamal» all the way down, the second voyage «Vladimir Voronin» 
covered independently. In this paper, on the example of the pair «Christophe de Margerie» and 
«Vladimir Voronin» and one more pair «Georgy Brusilov» and «Vladimir Rusanov», followed the 
pioneer tankers a month later, it was analyzed two types of navigation: independent and with 
an icebreaker escort. The results of the analysis did not reveal sufficient differences in time and 
velocity of tankers, navigating independently or under icebreaker escort in those ice conditions, 
which had developed by the beginning of summer navigational season.
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Beginning of spring navigation in 2020

Summer navigation along the Northern 
Sea Route (NSR) in eastward direction 
usually begins in July [1], when melting and 
destructive processes in sea ice are observed. 

On May 31, 2020 the liquef ied natural 
gas (LNG) carrier Christophe de Margerie 
owned by Russian company ‘Sovcomflot’ 
successfully completed its voyage along the 
NSR. For the first time a large capacity Arc7 
class vessel made such an early voyage to 
the eastern Arctic. The carrier was escorted 
by nuclear icebreaker (IB) Yamal. In a few 
days, on June 2, 2020, another very early 
voyage of LNG carrier Vladimir Voronin 
was completed. The main peculiarity of 
this voyage was independent navigation 
of Vladimir Voronin along the 70% of the 
route, including the most complicated leg 
in the East Siberian Sea. The carrier was 
provided by full meteorological information 
along the entire route. These two very early 

voyages formed a basis for the possibility 
of prolonged navigation windows along 
the NSR in eastward direction. Besides, 
Yamalmax class vessels Christophe de 
Margerie and Vladimir Voronin have 
demonstrated great icebreaking capability 
moving both ahead an icebreaker and 
independently.

The two LNG carriers sailed more than 
2500 nautical miles (hereinafter ‘miles’) 
within different time periods: it took 12.5 days 
at average speed of 8.2 knots for Christophe 
de Margerie and 9.4 days at average speed 
11.0 knots for Vladimir Voronin, respectively. 
Thus, expectations on higher speed of 
Christophe de Margerie under icebreaker 
assistance along the entire route as 
compared to the speed of Vladimir Voronin 
under icebreaker escort (50 let Pobedy and 
Yamal) on the part of the route was not 
confirmed.

Sea ice formation in previous autumn 
season of 2019 began later than long-term 
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This paper analyses the motion of both 
LNG tankers Christophe de Margerie and 
Vladimir Voronin in order to identify the 
impact of icebreaker assistance on speed 
and sailing time within the NSR for the Arc7 
Yamalmax class LNG carriers, with other 
conditions being equal (i.e. movement start 
time, shipping route and associated ice 
conditions). Ice conditions were not always 
the same along the routes of Christophe 
de Margerie and Vladimir Voronin, as their 
tracks sometimes diverged signif icantly. 
For this reason, another two LNG carriers 
Vladimir Rusanov and Georgiy Brusilov 
were involved in comparison of assisted and 
independent navigation through ice. These 
carriers sailed in eastward direction within 
two days (June 29 and 30, 2020) in a month 
after Christophe de Margerie and Vladimir 
Voronin along the identical routes. 

Yamalmax class LNG carriers

Yamalmax is a class of LNG carriers 
developed for transportation of liquefied 
natural gas in the Arctic. The lead LNG 
tanker Christophe de Margerie was built in 
2016 [2], and was accepted into service by 
‘Sovcomflot’ in March 2017 [3] after successful 
ice trials in the Arctic [4]. During the next 
three years another 14 LNG carriers were 
built to service ‘Yamal LNG’ project, including 
Vladimir Voronin, Vladimir Rusanov and 
Georgiy Brusilov.

Yamalmax class LNG tanker has length 
of 299 m, beam of 50 m, cargo capacity of 
more than 170 000 m3 and deadweight of 
more than 140 000 tones. The propulsion 
system consists of three Azipod full revolving 
propulsion units, delivering a total power 
of 45 MW. Arc7 ice class vessels are able to 
move both head-on and stern-first (double 
acting ship). Specific icebreaking capability 
while moving head-on and stern-first is 1.5 m 
and 2.1 m, respectively [2], [5].

For two years, from autumn of 2017 until 
winter of 2019, Yamalmax class carriers 
sailed along the NSR independently. 
Icebreaker assistance was carried out only in 
seaway canal in the north of the Gulf of Ob. 
All voyages of Yamalmax class tankers were 
provided by full meteorological support. 
During this period, both very late (in January) 

[6] and very early (in May) independent 
voyages were carried out [7].

In May, 2020 Christophe de Margerie 
surpassed the previous record of very early 
voyage by LNG carriers Vladimir Rusanov 
and Eduard Toll for more than a month, 
since in 2018 Vladimir Rusanov and Eduard 
Toll left the port of Sabetta on June 25 and 
27, respectively. It took approximately 9 days 
to travel the entire length of the NSR for 
Vladimir Rusanov and Eduard Toll [7].

The first independent transit from east 
to west along the NSR without icebreaker 
assistance during winter navigation was 
made by Eduard Toll. On December 24, 2017 
Eduard Toll entered the NSR and completed 
its transit voyage in 22 days, arriving at the 
port of Sabetta on January 14, 2018 [6].

Another signif icant event took place 
between 2018 and 2019. The LNG carrier 
Boris Davydov assisted the less powerful 
tanker Boris Sokolov (22 MW) along the NSR 
in western direction within winter navigation 
season. Boris Sokolov entered the NSR on 
December 29, 2018 and slowed down its 
moving due to presence of sea ice. On 
the night of January 2, 2019 Boris Sokolov 
went adrift awaiting the LNG carrier Boris 
Davydov. On January 5, Boris Davydov came 
to the point of drift of the tanker and carried 
out ice escort. On January 23, 2019 (18 days 
later) the convoy entered the Gulf of Ob, 
afterwards Boris Sokolov continued moving 
independently to Murmansk [8], [9].

Since 2017 the Yamalmax class carriers, 
therefore, have demonstrated ability both 
of independent navigation in difficult sea 
ice conditions and providing the icebreaker 
assistance of less powerful vessel in ice.

Sea ice conditions at the beginning of 
summer navigation season

Sea ice conditions in the Arctic seas at 
the end of May were favourable for early 
navigation.

Sea ice formation in previous autumn 
season of 2019 began later than long-term 
average (at the beginning of September). 
Later on, in November and December, 
both the intensity of ice formation and the 
ice extent increased significantly, though 
growth of ice thickness was below normal.
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In January, all the Arctic seas were covered 
by drifting and fast ice. Predominance of 
medium first-year ice (70-120 cm according 
to the Nomenclature of sea ice [10], [11]) 
over a significant area was observed only 
in the Laptev Sea and East Siberian Sea. 
Thick first year ice (more than 120 cm) was 
scarce. The observed absence of zones with 
predominance of thick first year ice both in 
February and March was unusual for these 
months, revealing the delay in growth of ice 
cover.

Fast ice formation during the first winter 
months was of low intense over all the 
Russian Arctic seas. Fast ice extent was below  
long-term average values in all seas [12].

In April, transformation of medium first 
year ice to thick first year ice began in most 
of the Arctic seas, except the Kara sea and 
Chukchi Sea, where medium and thin (30-70 
cm) first year ice were predominant. Sea ice 
growth delayed significantly as compared to 
normal within spring season of 2020. 

During the period of maximum ice 
development and ice concentration in May, 
f irst year ice covered the entire Russian 
Arctic and more than half of the circumpolar 
area, partly displacing multi year ice. Fast ice 
extent was low at the end of this period; it 

was developed mostly in the vicinity of New 
Siberian Islands. However, fast ice extent 
remained below the long-term average 
values.

Throughout the spring season, the 
intensity of ice growth was somewhat above 
normal in the Laptev Sea and East Siberian 
Sea, resulted in ice thicknesses close to 
average values which are specific to these 
regions. In the western Arctic seas negative 
abnormalities of sea ice thickness remained 
(up to 50 cm).

In June, rapid sea ice retreat began in the 
western Arctic seas (Barents Sea, Kara Sea 
and Laptev Sea), as well as the large area 
of open floating ice was developed in the 
south-western Chukchi Sea. Ice formation 
stopped in all seas [13]. 

At the end of winter season and at the 
beginning of summer season (March-
May), ice extent was close to the average 
values in the Arctic Ocean, while it declined 
signif icantly with beginning of melting, 
as compared to long-term average extent 
(Fig. 1). Sea ice thickness was notably below 
normal over the entire Arctic Ocean, which 
is proved by model calculations of the Arctic 
sea ice volume (Fig. 2) [14].

Figure 2 – Daily estimations of 
seasonal cycle of Arctic sea ice volume 

for the period 01.01.2004–18.05.2020, based on 
calculated weighted average ice thickness using 

operational ocean and sea ice model HYCOM/
CICE by Danish Meteorological Institute [15].

Figure 1 – Daily estimations of seasonal cycle of 
ice extent for the period 26.10.1978–17.05.2020 from 

95E to 170W (Laptev Sea – Chukchi and Bering 
Sea, Sea of Okhotsk) [14].
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Data and method of analysis

Following data were used to analyze 
motion of LNG carriers:

1. AIS (Automated Identification System) 
data on vessel location, characteristics 
of movement (speed, direction, time) 
along the entire route from departure 
from the port of Sabetta till exit from 
the NSR for 4 LNG carriers (Christophe 
de Margerie, Vladimir Voronin, 
Vladimir Rusanov and Georgiy 
Brusilov) and 2 icebreakers (Yamal, 50 
Let Pobedy ) 

2. Ship reports from LNG carriers and 
icebreakers, describing ice conditions 
along the shipping route within the 
NSR

3. General ice charts of all the Arctic seas 
by AARI

4. Satellite images in visible, infrared and 
radio range

AIS data were used for building shipping 
routes (Fig. 3), each of it was divided into 5 
legs: 1 – south-western Kara Sea (areas of the 
Gulf of Ob, Yenisey Gulf and Pyasino Gulf),  
2 – north-eastern Kara Sea, 3 – Laptev Sea 

and New Siberian Islands, 4 – western and 
central East Siberian Sea, 5 – eastern part 
of the East Siberian Sea and Chukchi Sea. 
For every leg the following characteristics 
were calculated: average speed, voyage time, 
prevailing ice conditions.

Prevailing ice conditions included sea 
ice age and ice concentration and were 
based on ice charts. Data on additional 
characteristics,  such as f racturing, 
hummocking and ridging, were taken from 
ship reports if available and suff icient for 
compilation.

Ship reports and satellite images were 
involved to analyze speed anomalies. For 
visual evaluation of speed variability of a 
ship or a convoy, 6 classes of speed were 
identified: up to 2 knots, 2-4, 4-8, 8-12, 12-16 
and more than 16 knots.

Discussion

Data processing resulted in two tables 
(Table 1 and Table 2) for pairs Christophe de 
Margerie-Vladimir Voronin and Vladimir 
Rusanov-Georgiy Brusilov with generalized 
characteristics of their movement.

Figure 3 – Shipping routes of LNG carriers Christophe de Margerie, Vladimir Voronin, 
Vladimir Rusanov and Georgiy Brusilov
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Table 1
Motion characteristics and generalized characteristics of ice conditions 

for LNG carriers Christophe de Margerie and Vladimir Voronin
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Type of escort1 IBA/IND IBA IBA IBA IBA/IND

Concentration - 10 9-10 10 10

Age medium; 
thin

medium; 
thick

thin; young; 
medium

thick; 
medium

medium; 
thick

Hummocking and Ridging 
(tenths)

2 2-4 1-3 2-3 3-4

Fracturing(tenths) 1 1 1-2 - 1

Time of entering 18.05 
12:55

20.05 
4:43

22.05  
8:01

25.05 
6:43

27.05 
7:14

31.05
2:02

Sailing time (days) 1.66 2.14 2.95 2.02 3.78 12.5

Distance 
(nautical miles)

489 252 740 368 674 2525

Av.speed (knots): 

- total 12 4.6 10.1 7.2 7.1 8.2

- with icebreaker 12.5 4.6 10.1 7.2 5.9 8.1

- without icebreaker 11.3 12.3 11.8
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Type of escort IBA/IND IBA IND IND IBA/IND

Concentration <1;1-3 <1;10 <1;9-10 9-10 1-3;9-10

Age medium; 
thin

medium; 
thick (incl. 

fast ice)

medium thick; 
medium

medium; 
thick;
thin

Hummocking and Ridging 
(tenths)

- - 1-3 1-3 2-4

Fracturing(tenths) - - - - 1-2

Time of entering 24.05
11:33

25.05
20:54

27.05
4:28

29.05
17:00

31.05
20:03

Sailing time (days) 1.39 1.32 2.52 2.13 2.03 9.4

Distance 
(nautical miles)

471 287 780 368 666 2572

Av.speed (knots):

- total 13.8 8.4 12.6 7 13.3 11.0

- with icebreaker 13 8.4 12.4 11.3

- without icebreaker 14.1 12.6 7 14.9 12.2

1 Type of escort: IBA – motion with icebreaker assistance, IND -  independent navigation, IBA/IND – combination of 
independent 
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Type of escort IND IBA IBA IBA IBA/IND

Concentration <1 9-10 <1 9-10 1-3; 4-6

Age - - - - -

Hummocking and Ridging 
(tenths)

- - - 1-2 2-4

Fracturing(tenths) - 3-4 3 2-3 2-4

Time of entering 30.06
18:04

02.07
7:08

03.07
8:27

04.07
21:59

06.07
12:09

07.07
23:29

Sailing time (days) 1.15 1.06 1.56 1.59 1.47 6.8

Distance 
(nautical miles)

447 307 595 478 540 2368

Av.speed (knots): 

- total 15.9 11.7 15.5 12.1 14.9 14.0

- with icebreaker 11.7 15.5 12.1 14.2 13.4

- without icebreaker 15.9 18 17.0
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Type of escort IND IBA IND IND IND

Concentration <1 9-10 <1 9-10 9-10;7-8;1-3

Age - - - - -

Hummocking and Ridging 
(tenths)

- - - - -

Fracturing(tenths) - 2-3 - 3 5

Time of entering 29.06 
4:08

30.06 
9:37

01.07 
9:11

02.07 
23:38

04.07
11:57

06.07 
4:47

Sailing time (days) 1.23 0.98 1.60 1.51 1.70 7.0

Distance 
(nautical miles)

444 303 613 477 613 2450

Av.speed (knots): 

- total 15.2 12.5 15.4 12.8 14.6 14.1

- with icebreaker 12.5 12.5

- without icebreaker 15.2 15.4 12.8 14.6 14.5

Table 2
Motion characteristics and generalized characteristics of ice conditions for 

LNG carriers Vladimir Rusanov and Georgiy Brusilov
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Calculations presented in the tables 
show, that average speed and voyage time 
for Christophe de Margerie and Vladimir 
Voronin differ signif icantly. Christophe 
de Margerie sailed the NSR for 12.5 days 
at average speed of 8.2 knots under 
icebreaker assistance along the entire 
route, since Vladimir Voronin traveled for 
9.4 days at average speed of 11.0 knots, 
sailing primarily independently. Average 
characteristics of another pair Vladimir 
Rusanov – Georgiy Brusilov are slightly 
different. Georgiy Brusilov traveled for 6.8 
days at average speed of 14.0 knots under 
icebreaker assistance, while predominantly 
independent eastward voyage of Vladimir 
Rusanov took 7.0 days with average speed 
of 14.1 knots.

Peculiarities of the shipping routes of 
every pair of the carriers are considered in 
more detail individually for each leg of the 
route.  

Christophe de Margerie - 
Vladimir Voronin

LNG carrier Christophe de Margerie 
left the port of Sabbetta on May 18, 2020.  

On May 19, 2020 the carrier met IB Yamal 
and started navigation under assistance at 
the exit of the Gulf of Ob. Vladimir Voronin 
departed from Sabetta 5.5 days later, on  
May 24, 2020. Meeting with IB 50 Let Pobedy 
and beginning of escort took place on  
May 25, 2020 abeam the Pyasina Bay (Fig. 4). 
Ice conditions along the NSR had changed 
insignificantly to the moment of departure.

During the voyage of Christophe de 
Margerie ice trials were planned to carry out 
in the Kara Sea and Laptev Sea. The trials did 
not influence significantly average speed of 
the carriers, thus they may be neglected.

Main difference in average speed was 
due to alternative routes, which diverged for 
several times and, hence, showed different 
ice conditions (Fig. 5 and 6); this fact allowed 
to reduce time lag between Christophe de 
Margerie and Vladimir Voronin to three 
days. The diverged legs of the routes were in 
the north-western Kara Sea, eastern part of 
the East Siberian Sea and Chukchi Sea. Sea 
ice conditions throughout each leg of route 
are considered in more detail.

Figure 4 – Shipping routes of LNG carriers Christophe de Margerie and Vladimir Voronin
 and icebreakers Yamal and 50 Let Pobedy.
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Figure 5 – Ice conditions in the Arctic seas along the NSR during the eastbound sail of Christophe 
de Margerie and the shipping route with indication of speed. Shipping route of Vladimir Voronin is 

semitransparent. 1-5 are numbers of legs for comparison. 

Figure 6 – Ice conditions in the Arctic seas along the NSR during the eastbound sail of Vladimir Voronin 
and the ship track with speeds. Shipping route of Christophe de Margerie is semitransparent. 1-5 are 

numbers of legs for comparison. 
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Over the f irst leg of route (1 – south-
western Kara Sea) the LNG carriers sailed 
both independently and under icebreaker 
assistance. Ice conditions did not obstruct 
the independent navigation of the carriers. 
Sea ice in the south-western part of the Kara 
Sea began to retreat, the shipping routes 
passed open water areas (<1 tenths) and 
areas of very open floating ice (1-3 tenths). 
In vicinity of the Sverdrup Islands the tracks 
diverged.

The second leg (2 – north-eastern Kara 
Sea) started abeam the Kirov Islands;  
the carriers navigated in different ice 
conditions. Christophe de Margerie operated 
in thick and medium first year ice (Fig. 7). 
According to ship reports, the carrier had 
to stop its movement repeatedly awaiting 
the icebreaker to pass through hummocked 
ice or form a navigable canal. The convoy 
entered fast ice in Vilkitsky Strait on May 21, 
2020. Average speed of forming navigable 
canal by icebreaker in fast ice was about 4 
knots. Christophe de Margerie entered open 
water in the Laptev Sea in 17.5 hours.

The route of LNG carrier Vladimir Voronin 
under assistance of IB 50 Let Pobedy passed 
primarily along the continental coastline, 
crossing the areas of very open floating first 
year ice, as well as fast ice (Fig. 8). The convoy 
passed Vilkitsky Strait through the navigable 
canal formed earlier by IB Yamal at average 

speed of 10 knots. Therefore, Vladimir 
Voronin sailed the second leg at average 
speed of 8.4 knots, while average speed 
of Christophe de Margerie was 4.6 knots. 
Comparison shows that the carriers were 
not in equal conditions over this part of the 
route. Another reason to eliminate this leg 
from comparison is support by icebreakers.

Christophe de Margerie and Vladimir 
Voronin passed the longest third leg (3 
– Laptev Sea and New Siberian Islands) 
at average speed of 10.1 and 12.6 knots, 
respectively. Vladimir Voronin continued 
the way independently after its exit from 
Vilkitsky Strait. Light ice conditions in the 
Laptev Sea allowed both carriers to pass 
it without significant problems. Figures 9 
and 10 show, that almost all over the leg the 
routes of both carriers coincided, excepting 
the part of route in the central Laptev Sea, 
where the route of Vladimir Voronin lay 
to the south of the route of Christophe 
de Margerie in order to avoid a tongue 
of thick f irst year ice, expanded from the 
north.  According to expert assessments, 
concentration of thick f irst year ice was 
from 5 to 8 tenths at the time of passing this 
part of the route by the carriers. Speed loss 
happened on certain short distances, while 
observed ridging and hummocking was up 
to 3 tenths according to the ship reports by 
Christophe de Margerie. 

Figure 7 – Ice chart for May 17-18 (left). Image mosaics derived from MODIS spectroradiometers (Terra) 
and Sentinel-1 satellite radar on May 20, 2020 (right). Shipping route of Christophe de Margerie (the route 

of Vladimir Voronin is highlighted semitransparent).

Figure 8 – Ice chart for May 21-22 and May 26 (left). Image mosaics derived from MODIS spectroradiometers 
(Terra) and VIIRS (Suomi-NPP) on May 26, 2020 (right).  Shipping route of Vladimir Voronin (the route of 

Christophe de Margerie is semitransparent).



48

Yu.V. Sokolova, O.S. Devyataev, E.V. Afanasyeva, Yu.M. Titova
COMPARISON OF INDEPENDENT NAVIGATION OF LNG CARRIERS OF TYPE YAMALMAX AND THEIR TRANSITION WITH AN ICEBREAKER ESCORT

RUSSIAN ARCTIC  4(11)/2020 48

Avoiding the area of thick f irst year ice 
by passing it f rom the south resulted in 
increased total length of the third leg for 
almost 100 miles, though provided Vladimir 
Voronin for independent navigation through 
the central Laptev Sea at speed about 2 
knots higher than those of Christophe de 
Margerie under icebreaker Yamal assistance. 
Besides, Vladimir Voronin passed through 
open water in the western Laptev Sea at a 
higher speed (14.5 knots), as compared with 
Christophe de Margerie (11.5 knots).

The next leg 4 of the route (western and 
central East Siberian Sea) was specified by 
the most difficult ice conditions. Although 
only f irst year ice was presented along 
the tracks of Christophe de Margerie 
and Vladimir Voronin, ice characteristics, 
particularly ice thickness, varied throughout 
the route. This was due to various time and 
conditions of ice formation in different part 
of the sea.

Ice formation in the open sea began in 
the mid-October. To the end of October, the 
entire central part of the sea was covered 
with sea ice, as well as the straits of the New 
Siberian Islands, while north-western and 
eastern parts were still ice-free. Further 
development of ice conditions in winter 
season was affected by prevailing winds, 

providing heat supply and ice transport from 
Chukchi Sea to the center of East Siberian 
Sea in the eastern part, and inducing 
continuous ice offshore motion northward 
the New Siberian Islands in the western part 
(forming of recurring polynya). Afterwards, 
all of these factors contributed to difficult 
ice conditions in the central part and more 
light conditions in the eastern and western 
parts of the sea. In the eastern and western 
parts of the sea new ice formation occurred 
during winter season, as contrasted to the 
central part, where accumulation of sea 
ice, which had formed already in autumn, 
took place, as well as ice transport from the 
Chukchi Sea, followed by strong compacting 
and hummocking. 

During the navigation of LNG carriers 
Christophe de Margerie and Vladimir 
Voronin across the East Siberian Sea, 
the area of New Siberian ice massif was 
a limiting factor. According to expert 
assessments, to the end of May, 2020 thick 
first year ice of 5-8 tenths prevailed along 
the route. Decrease of speed was primarily 
due to motion through hummocked floes 
of thick and medium first year ice (Fig.11, 
12). Another factor, which complicated the 
navigation over this leg, was ice originated 
f rom pancake ice. Both carriers passed 

Figure 9 – Ice chart for May 19-20 (left). Image mosaics derived from VIIRS (Suomi-NPP) on May 22-24, 
2020 (right). Shipping route of Christophe de Margerie (the route of Vladimir Voronin is semitransparent).

Figure 10 – Ice chart for May 25-26 (left). Image mosaics derived from MODIS (Terra) and VIIRS (Suomi-
NPP) on May 29, 2020 (right). Shipping route of Vladimir Voronin (the route 

of Christophe de Margerie is semitransparent).
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along this leg for approximately equal 
time with almost equal average speed (7.2 
and 7.0 knots for Christophe de Margerie 
and Vladimir Voronin, respectively). At the 
beginning of the leg, average speed of the 
carrier Vladimir Voronin was about 5.0 knots; 
as moving to the south-east towards Ayon 
Island, average speed over the last part of the 
route increased up to 8.5 knots. As a result, 
Vladimir Voronin passed through lighter 
medium first year ice, while Christophe de 
Margerie continued its motion through 
difficult thick first year ice in the central part 
of the sea, moving to the north of Wrangel 
Island. 

Ice conditions were totally different over 
the leg 5 (eastern part of the East Siberian 
Sea and Chukchi Sea) of both shipping 
routes, as they lay in completely different 
parts of the East Siberian and Chukchi 
Seas (Fig.13). Vladimir Voronin reached 
continental shore, entered flaw polynya in 
vicinity of Chaunskaya Bay and completed 

the transit of the NSR almost unhindered. 
Christophe de Margerie had a lead of 4 days 
in the East Siberian Sea, when it followed 
the navigational recommendation to set 
a course to the north of Wrangel Island, as 
the Chukchi Polynya was not still observed. 
According to expert assessments, the Long 
Strait was completely blocked by very close 
floating medium and thick first year ice at 
the time of passing through by the carrier, 
therefore it was a risk for the carrier to 
become subjected to strong ice pressure. 
However, to the north-east of Wrangel 
Island in the Chukchi Sea, the convoy was 
beset repeatedly in very hummocked ice 
(3-4 tenths) and was subjected to repeated 
compression (1-2 tenths) due to strong 
southward wind resulted in ice compacting. 
The convoy passed this leg of the route of 
about 130 miles at average speed of 3.5 
knots. As a result, about 1.5 days were lost.

Christophe de Margerie passed along 
the fifth leg of the route at average speed 

Figure 11 – Ice chart for May 24-26 (left). Image mosaics derived from VIIRS (Suomi-NPP) and Sentinel-1 
satellite radar on May 27, 2020 (right). Shipping route of Christophe de Margerie (shipping route of Vladimir 

Voronin is semitransparent).

Figure 12 – Ice chart for May 27-28 (left). Image mosaics derived from VIIRS (Suomi-NPP) on May 29 and 
June 1, 2020 and Sentinel-1 satellite radar on May 29 and 30, 2020 (right). Shipping route of Vladimir 

Voronin (shipping route of Christophe de Margerie is semitransparent).
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of 7.1 knots, while average speed of Vladimir 
Voronin was 13.3 knots. Another reason, 
that the leg is not representative for 
comparison, is that Vladimir Voronin, as well 
as Christophe de Margerie, operated under 
support of icebreaker Yamal over the most 
part of the leg. 

Analysis of motion of this pair of LNG 
carriers demonstrates, that it is improperly 
to intercompare average speeds of 
both carriers, since ice conditions varied 
significantly over some parts of the routes. 
Of the f ive legs the routes were divided 

for, only the third and fourth legs can be 
compared. Average speed over these two 
legs was 8.7 knots for LNG carrier Christophe 
de Margerie and 9.8 knots for Vladimir 
Voronin, respectively.

Vladimir Rusanov – Georgiy Brusilov
In contrast to the previous pair of vessels, 

Vladimir Rusanov and Georgiy Brusilov 
departed within only 1.5 days of one another. 
Ship routes coincided on almost the entire 
way, except for the leg in the East Siberian 
Sea (Fig.14). The only unforced stop of 

Figure 14 – Shipping routes of LNG carriers Georgiy Brusilov and Vladimir Rusanov and IB Yamal

Figure 13 – Ice chart for May 26-28, 2020 (left). Image mosaics derived from VIIRS (Suomi-NPP) on May 27 
and 30, 2020 (center).  Image mosaics derived from MODIS (Terra) on June 1, 2020 and Sentinel-1 satellite 
radar on June 2, 2020 (right). Shipping routes of Christophe de Margerie (northwards of Wrangel Island) 

and Vladimir Voronin (along the continental coastline).
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Georgiy Brusilov, when it went adrift for 10 
hours awaiting the icebreaker, was excluded 
from the analysis. 

Vladimir Rusanov left the port of Sabetta 
in the early morning on June 29, 2020, while 
Georgiy Brusilov departed the next evening 
on June 30, 2020. Meeting with IB Yamal in 
both cases took place in the similar point to 
the north-west of the Pyasino Gulf.

At the beginning of the voyage, ice 
conditions offered no difficulties all over the 
NSR, which was proved by high speed of the 
LNG carriers along the entire route (Fig. 15 
and 16). Minimal average speed on the leg 
was 11.7 knots, while maximal average speed 
was 15.9 knots. At the end of June, sea ice 
active melting and breaking took place over 
the all seas. North-eastern part of the Kara 
Sea, Laptev Sea and Chukchi Sea were half 
ice-free.

Coincidence of shipping routes and equal 
ice conditions allow comparison of average 
speed of the carriers along the entire route. 
Therefore, we do not present the detailed 
description of ice conditions for this case.

Vladimir Rusanov and Georgiy Brusilov 
sailed along the first leg independently at 
high speed, reaching 15.2 and 15.9 knots, 
respectively.

Both carriers passed along leg 2 of 
the NSR under icebreaker Yamal escort. 
Shipping routes lay along the continental 
coastline and passed through fast ice in the 
Matisen Strait. Fast ice was already broken 
in the Vilkitsky Strait to the moment of 
carriers passing through (Fig. 17, 18). At the 
exit of Vilkitsky Strait, only Vladimir Rusanov 
continued independent navigation. Average 
speeds over the second leg were 12.5 and 11.7 
knots, respectively, for Vladimir Rusanov and 
Georgiy Brusilov. 

 Figure 15 – Ice conditions in the Arctic seas along the NSR during the eastward transition of the LNG carrier 
Vladimir Rusanov, the route and speed. The route of the LNG carrier Georgiy Brusilov is semitransparent. 

Symbols 1-5 are numbers of legs for comparison.
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Figure 16 – Ice conditions in the Arctic seas along the NSR during the eastward transition of LNG carrier 
Georgiy Brusilov, the route and speed. Shipping route of LNG carrier Vladimir Rusanov is semitransparent. 

Symbols 1-5 are numbers of legs for comparison.

Figure 17 – Ice chart for June 28-30, 2020 (left). Image mosaics derived from Sentinel-1 satellite radar on 
June 30 and July 1, 2020 (right). The route of LNG carrier Vladimir Rusanov (the route of LNG carrier Georgiy 

Brusilov is semitransparent)

Figure 18 – Ice chart for June 28-30, 2020 (left). Image derived from MODIS radiometer (Terra) on July 3, 
2020 (right). Shipping route of Georgiy Brusilov (the route of Vladimir Rusanov is semitransparent)
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Most of the way of the third leg in the 
Laptev Sea the carriers passed through the 
open water, following the same route with 
equal speed (15.5 knots for Georgiy Brusilov 
and 15.4 knots for Vladimir Rusanov).  
The carriers met with very open ice (1-3 
tenths), open ice (4-6 tenths) and close ice 
(7-8 tenths) in the eastern part of the sea 
close by the New Siberian Islands (Fig.19).

Over the leg 4 in the East Siberian Sea the 
tracks diverged for the first time. Vladimir 
Rusanov turned to the south on the latitude 
of the island of Novaya Sibir and moved in 
this direction for 100 miles, than turned to 
the south-east towards Ayon Island and 
followed along the continental coastline 
till the exit from the NSR. After entering 
the East Siberian Sea and leaving the New 
Siberian Islands, Georgiy Brusilov and Yamal 
traveled in south-eastern direction across 
the central part of the sea. Both carriers 
passed through very close floating ice (9-10 
tenths) over the most of the route, however, 
Vladimir Rusanov was first to enter the area 

of close floating ice (7-8 tenths) and open 
floating ice (4-6 tenths) (Fig.20). As a result, 
the average speed of Vladimir Rusanov over 
the forth leg was 12.8 knots, while Georgiy 
Brusilov passed the leg with average speed 
of 12.1 knots.

Both LNG carriers navigated the last 
fifth leg 5 through the polynya along the 
continental coastline. Vladimir Rusanov had 
slight reduction in speed to 8 knots due to 
meeting with small ice floes of hummocked 
fast ice. Georgiy Brusilov had longer 
distances with reduced speed. The convoy 
passed slightly north of Vladimir Rusanov 
shipping route through the area of very close 
floating ice (9-10 tenths) (Fig.21). This fact, 
however, had no effect on the average speed 
of Georgiy Brusilov over the entire leg, which 
was 14.9 knots (taking into account the part 
of the leg with independent sailing after 
the end of icebreaker support by IB Yamal), 
while average speed of LNG carrier Vladimir 
Rusanov was 14.6 knots.

Figure 19 – Ice chart for July 2-3, 2020 (left). Image derived from MODIS radiometer (Tera) on July 2, 2020 
(right). Shipping route of Vladimir Rusanov (the route of Georgiy Brusilov is semitransparent)

Figure 20 – Ice chart for July 4-6, 2020 (left). Image mosaics derived from Sentinel-1 satellite radar on July 
4, 2020 (right). Shipping route of Georgiy Brusilov (the route of Vladimir Rusanov is semitransparent)
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Vladimir Rusanov transited along the 
entire NSR at average speed of 14.1 knots, 
while average speed of Georgiy Brusilov 
throughout the NSR was 14.0 knots. 
Excluding the second leg from the route of 
Vladimir Rusanov, where the carrier sailed 
under icebreaker escort of Yamal, would 
increase the speed to 14.5 knots. In case 
of deleting the parts of the route, where 
Georgiy Brusilov navigated independently 
(leg 1 and partly leg 5), the average speed 
would decreases to 13.4 knots. Thus, average 
speed of LNG carrier Vladimir Rusanov was 
higher in both cases. Nevertheless, Georgiy 
Brusilov traveled along the NSR faster (6.8 
days), as compared to Vladimir Rusanov (7.0 
days), which route was 80 miles longer.  

Conclusion

LNG carrier Christophe de Margerie spent 
12.5 days on the route under escort by IB 
Yamal (May 18 – 31, 2020), traveling 2525 miles 
at average speed of 8.1 knots (navigation only 
under icebreaker assistance). Sailing time 
of Vladimir Voronin was 9.4 days, it traveled 
2572 miles at average speed of 12.2 knots 
(only independent navigation). 

Comparison of independent operation of 
the carriers with navigation under icebreaker 
escort along the entire route is impossible 
due to difference in ice conditions over 
particular long-distance legs. Shipping 
routes were divided into 5 legs; based on 
the results of analysis, only 2 of them can 

be used for comparison: the Laptev Sea, 
including the New Siberian Islands, as well as 
western and central East Siberian Sea. Light 
ice conditions were developed along the leg 
in the Laptev Sea. Vladimir Voronin traveled 
the leg at average speed of 12.6 knots, which 
was 2.5 knots faster than Christophe de 
Margerie (10.1 knots), mainly due to both 
deviation of the route to the south in order 
to avoid more difficult ice and increasing 
the area of open water in the western part 
of the sea (since Vladimir Voronin departed 
5 days later). The most severe ice conditions 
were in the East Siberian Sea. Both LNG 
carriers traveled on this leg at approximately 
equal speed of 7.2 knots (Christophe de 
Margerie) and 7 knots (Vladimir Voronin). 
Ice conditions were similar, despite the fact 
of southbound deviation of the route of 
Vladimir Voronin.

Sailing time of LNG carrier Georgiy 
Brusilov under icebreaker escort by Yamal 
(June 30 – July 7, 2020) was 6.8 days, it 
traveled 2368 miles at average speed of 13.4 
knots (navigation only under icebreaker 
assistance). Sailing time of Vladimir Rusanov 
(June 29 – July 6, 2020) was 7 days, it traveled 
2450 miles at average speed of 14.5 knots 
(only independent navigation).

The second pair of LNG carriers appears 
to be more representative for purposes of 
comparison of navigation under- or without 
icebreaker escort. Due to almost the same 
departure time and coincided routes, four 
of f ive legs can be used for comparison 

Figure 21 – Ice chart for July 6-7, 2020 (left). Image mosaics derived from MODIS radiometer (Terra) and 
Sentinel-1 satellite radar on July 6, 2020 (right). Shipping route of Georgiy Brusilov (the route of Vladimir 

Rusanov is semitransparent)
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(both vessels sailed under icebreaker escort). 
Average speeds varied insignificantly at the 
legs, the difference was not more than 1 
knot. Average speed of Georgiy Brusilov was 
higher over the legs 1 and 3, while Vladimir 
Rusanov was faster over the legs 4 and 5. 

Therefore, comparison of the motion of 
LNG carriers does not reveal significant time 
or speed advantages of icebreaker assistance 
of the carriers, as compared to independent 
navigation in relatively light ice conditions, 
which developed in May-June, 2020. 
Icebreaking capabilities of Arc7 Yamalmax 
class LNG carriers and nuclear icebreakers 
10520 are comparable in specif ied ice 
conditions. Further studies based on analysis 
of the upcoming experimental voyages in 
2021 are needed to confirm the conclusions.

Very early voyage of LNG carrier 

Christophe de Margerie proves the 
possibility to extend the navigation 
window. The following voyages of Vladimir 
Voronin and, later, Vladimir Rusanov 
show, that full support of hydrological 
and meteorological information (satellite 
images, ice charts, meteorological and ice 
forecasts, navigational recommendations) 
provides independent transit along the NSR 
in eastward direction in light ice conditions 
with icebreaker escort on certain limiting 
legs of the NSR. This year the main limiting 
leg on the route was observed in the central 
East Siberian Sea. The number and location 
of limiting legs on the shipping lanes of the 
NSR can vary, thus, seasonal monitoring 
over the all seas along the NSR is needed to 
provide icebreakers for effective individual 
navigation.
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