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LADIES AND GENTLEMEN 1 DEAR PARTICIPANTS 1 

The 13th conference on T O R I -  AND OCEAN ENGiNtiFRINO UNDER ARCTIC 

CONVITIONS' is being held in Murmansk from august 15 lo  18, 1995. 

The POAC -conferences have been organised since 1971, when professor Per Bruun 

at the Norwegian Institute of Technology in Trondheim took the initiative of organising 

first conference. After Trondheim 1971, POAC has been held in Reykjavik Iceland (1973). 

Fairbanks Alaska (1975, 1987). St.John's Newfoundland (1977, 1991), Trondheim (1979). 

Quebec Canada (1981). Helsinki Finland (1983). Narssarssuag Greenland (1985). Lulea 

Sweden (1989). Hamburg Germany (1993). We are glad, that in spite of very dilficuit, 

conditions in this country now, we are able to continue the history of POAC and held this 

conference in Murmansk. 

The Russian has high achievemints in the Arctic engineering activities. This is 

reflected also by the papers and key-note-lectures at this conference. 

Most of the papers presented at POAC-95 are printed in Vol.1 and 2 of the 

proceedings available at the confeience. However, some papers will appear in a post 

conference volume, Vol.3. 

The main organiser of the 13th conference POAC-95 is Murmansk Shipping 

Company, well known by its actives in the Arctic engineering. 

The organisation of this POAC -,conference was possible only through the financial 

tupport of co-sponwrs Murmansk Shipping Company, Russia: Department of Maritime 

Transport, the Russian Federation Ministry of Transport; Russian Concern "Norilsk 

Nickel"; AMOCO Production Company, USA; Kverner Masa-Yards, Finland; Neste 

Shipping Company, Finland; Tliyssen Nordseewerke GmbH, Emden, Germany; and 

Canadian Marine Drilling Lid. 



It is an honour for the town of Murmansk and for Murmansk Shipping Company 

to host 13th POAC. 

The choice of Murmansk as site of POAC-95 conference outlines the attention of 

the world specialists to the problems of Russian Arctic Developmcnt. 

We wish to thank all the keynote lecturers and all the authors of papers for their 

important scientific contribution as well as all participants for their interest in the 

conference and their contribution. We sincerely hope will have a successful conference. 

Capt. V.Mikhailichcnk0 

President of POAC -95 

and President of National Committee 



T O  PARTICIPANTS O F  THE 13-TH INTERNATIONAL CONFERENCE ON PORT 

AND OCEAN ENGINEERING IN THE ARCTIC CONDITIONS (POAC - 95) 

To day we open the 13-th International conference on port and ocean engineering in 

the Arctic conditions (POAC - 95). 

For the first time the conference is being held in Russia rnd it's quite naturally 

because Russia looks into the cold waters of the Arctic by its fro;:t. These waters do  not 

just wash its shores. but have become the transport means of communication of the people 

living on these shores. The Arctic transport system has been formed for centuries and the 

names of its creators appeared on the maps of the Arctic. The towns, settlements, 

icebreakers and transport vessels are named in honour of those people. 

Among these names there is a good deal of the names of Murmansk Shipping, 

Company workers. And it is easy to understand because for the last six 10 - years periods 

Murmansk Shipping Company was the main marine transport enterprise in the Arctic. 

Murmansk Shipping Company together with the scientific-research institutes of our 

country achieved considerable results in Arctic navigation. At present we carry out all the 

year round transportation In the south-west part of Kara Sea (to the port of Dudinka). 

In principle all-year round transportation along the Northern Sea route may be 

carried out. And this Is being proved by a lot of experimental voyages of the transport 

vessels under the ice-breakers steering, specifically, by the passage of the motor-vessel 

"KANDALAKSiIAn in early spring period of 1993 (in April, May) under the pilotage of 

the atomic ice-breaker "RUSSIA". 

It is quite naturally that the setting in period of the USSR partition with the 

following economic reforms in Russia had told on the vital activity of the Arctic fleet. First 

of all it had an influence on the traffic volume: it was reduced from 6.7 millions of tons in 

1987 to 2.8 millions of tons In 1994. It was the result of rationalization of arctic economy. 

reduction of the level of military and political confrontation of the East and the West. 

As regards the last factor. 1.e.: reducing of military and political confrontation has 

become the basis of our private meetings with the foreign colieaguu. Is doesn't mean that 

we just meet and exchange opinions on different current processes but we take part in the 

development of the joint proJects. auch as, for Instance, "INSROP" - the 

ihternatlonniization of the Northern sea route in the technical - economical feasibility of 



exploration and equipping of oil and gas deposits in the Arctic. in solving the ecological 

problems in Hie Arctic basin. 

Now. at the time of holding our conference "POAC - 95" under the "INSROP" 

programme, motor - vessel "Kandalaksha" is going from Japan along the Northern sea 

route having the Internationiil expedition on board. In the area of Novosibirsk islands the 

German ice - breaker "POLAR STERN" has been working in accordance with the 

ecological piogramme with the 1nternation;il expedition on board. Two cruise voyages of 

atomic ice - breaker "YAMAL" to the North Pole with the foreign tourists aboard had 

been accomplished. 

The Finnish and German tankers take part in transportation of oil products. 

The 'POAC - 95" Confcience orgunised by Murmansk Shipping Company is one of 

the links of International Co-opciation in the Arctic. 

At present our neighbours have intensified their activity in explorations of Hie 

Russian Arctic but they cannot pioperly stale the value of the prospects. It is of great 

economic importance while development to commercial level of the production capacity of 

the Arctic minernl deposits and long-term transport operations. 

That is why the scientific material from the scientific funds of the Russian Institutes 

are being transferred to the foreign specialists at prices dozens and even hundreds times 

lower than their nominal value. 

And taking into consideration the fact that the material but not the results of the 

analysis is being transferred, and quite often just the same principle is being observed, i.c. 

selling of raw material and not the product itself, the piiority of the Russian science is 

being lost. At the same lime the scientific world of Russia is obliged to accept this fact 

because every specialist understands pcifectly well that there is no point in concealing the 

data that one needs today. 

Elimination or reducing of these contradictions is possible only by way of 

integration of both scientific investigations and its realization by practical introduction 

provided exclusion of discrimination. including remuneration of labour. 

At present a high level of marine technologies, in the study of the Arctic seas lias 

been reached and just this fact. 1 hope. will be demonstrated at the Conference by the 

specialists. Much of attention should Be paid to the qucstions of ecology - to the 

observance of the principle of human aspiration accord "to make use of the Nature 



without making any harm to it". This principle must be obligatory observed when we come 

into contact with the Nature of the Arctic. 

Let me congiatulate the participants of the 13-th International POAC - 95 

Conference with the commencement of the work. New discoveries and projects for you for 

the benefit of mankind and environmental protection. 

N.I.Matushenko 

President of 

Murmansk Shipping Company 
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On behalf of the State Duma of the Federal Assembly of the Russian Federation I 

welcon~e the participants and guests of the 13th International POAC-95 Conference. 

For the first time the Russian Federation hosts the POAC Conference. The 

selection of the town-hero Murmansk for this conference shows the attention which the 

wo~ld  community pays to the problems of the exploration of the Arctic Basin of Russia 

and hydrocarbon deposits of the shelf of the Arctic Seas. The problems of 

transportation in the Arctic, strategy for creating a new generation of ice-strengthened 

sliips and icebreakers, perspective methods and systems for monitoring ice conditions, as 

well as designing and constructing on-shore structures on the Arctic shelf under 

conditions of permafrost are key questions at the conference. 

I wish to the participants of the Conference every success in their work, to  

further join their efforts in the Arctic exploration and personal happiness. 

Deputy Chairman of 

the State Duma of the RF A.N. Chilingarov 

August, 1995 



Y~aMtaeMblM BnanuMM~ BJlaflLI~klp~~Mq, 

Ilon3na~enen 38 nDnrnauienne npnnm ysacrne B OrKpUrnM 1 3 4  

Me~nyuaponttoi!i Komnepenunii "no n o p ~ o ~ o M  n MODCKOM Texuonornn B 
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Cenepa POCCMM, y~pennen~io  Memnynapouublx KonraKroB yseubix , 

oprau~3annM M uenoBblx KpyroB, santlTepecoBaHubix B nnonoTBopuoM 

COTPVDHMqeCTBe B aPKTMWCKOM DerMOHe. 

Kenalo YsaCTHMKaM KOH@epeHUMM ycneuiuoM pa60~b1, HOBblX YCfleXOB B 

MX f lpaK~iMec~0f i  M Hay'ttiOi!i neflTeflhHOCTM, 



President of  POAC -95 

and President of National Committee. 

Head of Administration of Northern Sea Route 

V.V.Mikhailichenk0 

Dear Vladirnir Vladimirovich, 

I grtiteful for Your invitation to  take part in the opening procedure of the 13th 

lntertiatioiial Conference on  Port imtl Ocean Engineering under Arctic Condition (POAC- 

95). 

The fact, that such un authoritative scientific congress lakes place in Russia, gives a 

considerable in~pulse for mote effective economical development of the Northern Regions 

of Russia and strengthening of international contacts of scientists, institutions, and 

businessmen that are interested in more fruitful cooperation. 

I wish all !he participants successful work, new achievements in they practical and 

scientific activity. 

Minister of Iroieigii AITairs 

of Russinti Federation A. Koziyrev 



TECHNICAL AND ECONOMICAL EVALUATION 
OF THE "NORTHERN SEA ROUTE" 

Dr. Joachim Schwarz Hamburg Ship Model Basin 
(I ISVA) 

Germany 

1. INTRODUCTION 

The political changes in the former USSR have caused the Northern Sea Route (NSR) as the 

40% shorter seaway connection between Europe and Far East to receive attention and interest 

from several countries, especially, however, from Norway, Japan and from Russia. Two years 

ago these countries have established the INSROP (International Northern Sea Route Project) 

organisation, which concentrates on research and development in connection with this seaway. 

Germany has established bilateral links to Russia on the topic of developing marine 

transportation in northein Russia. The German Ministry for Transport has ordered the Haniburg 

Ship Model Basin (HSVA) to prepare a study on the economical and technical feasibility of the 

Northern Sea Route, which is llie basis for this paper. 

Both, INSROP representatives and IISVA have presented results of their studies earlier this year 

in Brussels to the European Union (ED). This and EU-internal recherches have stimulated the 

EU-Minister for Transport (DG VII), Mr. Neil Kinnock to strengthen the idea of the NSR by 

devoting a major part of his speech in June '95 in Bremen in connection with the Annual Meeting 

of the European Maritime Industries Forum (MIF) on this topic. Resides selecting the NSR as 

one of three tasks for future sea transport developments (besides short sea shipping and safety of 

passenger vessels) he said: 

"Recently discussions on a new international shipping corridor around the North coast of 

Scandinavia and Russia have keen started and this "Northern Sea Route" could clearly be 

developed in the medium or long term. 

711e Northern Sea Rviite offers two manifest opportunities/or transport - transit from Europe 

to Asia andaccess to tlw Not th of Russia. 

As far as the first is concerned the Northern Sea Route is the shortest distance between Europe 

olidparticular regions in Asia. 771e distance from Bremen to Yokohama would, for instance, be 



reduced by 40% Ifthe Northern Sea Route was used. 

Considering the huge reserves of oil, gas and other minerals in Northern Siberia, the 

development of the Northern Russian coo.vtline could naturally be of great interest to the EU. 

//the rich resources of Siberia are to be shipped out by sea. loading terminals and icebreaking 

tankers wil l  be needed. 

Development of the Northern Sea Route on a commercial basis willplainly require considerable 

investments in: 

- transport infrastructure, especially relating to the ports on the North coast of Russia, 

- research into ship-building technology, especially she sophisticated ice-breaking 

equipment needed to avswe yeorrowidi ia~~igcvhi l i~ of the route. 

Such investments are no doubt technically feasible. Rut they raise a number of questions, in 

areas as diverse as traii.vport, energy, iiidtistry, environment aiid research. 

The Eiiroffean maritime ithftixtries have already achieved a high level of technology excellence, 

for example in building ice-breaking ships. We. therefore, have a good potential for 

participating in activities relating to the Northern Sea Route. Because of its multi-sectoral 

nature, the MIF is a particularly good arena in which to discuss the opportunities of the 

Northern Sea Route aiid the commercial risks inwftved" 

2. ENVIRONMENTAL CONDITIONS ON THE NORTHERN SEA ROUTE 

The Nortlicm Sea Route (NSR) forms part of the North-West passage between the Atlantic and 

Pacific and extends from the island o f  Nowaya Zemlja in the West to the Bering Strait in the 

East. Depending upon the route taken, the Northern Sea Route is 2400 - 2900 nautical miles 

long and icebound for at least nine months of the year The route leads from the Barents Sea to 

the Kara Sea, passing through the Laptev, East Siberian and Chukchi Seas and into the Bering 

Strait (Figu~e 1) Since these waters largely lie orthe Eurasian continental shelf they are in pans 

shallow, such as theZannikov Strait and the Laptev Strait which are locally only 8 to 13 m deep. 

This slightly restricts the routing choice, however the waters o f  the East Siberian Sea are on 

average 58 m deep, those of the Laptev Sea 5 19 m and those of the Kara Sea 118 m. 

The northward-flowing river system, and In particular the Ob, Yenisey and Lena rivers must be 

considered in conjunction with the Nothern Sea Route. Those rivers are navigable up to roughly 



3600 km upstream, but admittedly owing to heavy icing they are only navigable for 120 days per 

year in the north and 160-180 days per year in the south The Yenisey in particular is open to 

sea ships up to Igarka, which is roughly 800 km upstream the mouth of the river. 

Noteworthy ports along the Northern Seaway are Murmansk, Arcliangelsk, Novy Port, Dikson, 

Khatanga, Nordvik, Tiksi, Pevek and Providenya. The ports of Dudinka and Igarka are those on 

the Yenisey wliicli can bs reached by sea-going ships. 

The shipping conditions along the Nortlim Sea Route are much more influenced by atmospheric 

processes than seas ofmodcrate latitudcs TIiis is due not only to the low air temperatures which 

cause ice formation, but also to the air and sea currents which deform, drift, compact and pile-up 

the ice into ridges and hammocks which are dill'icult for ships to break through. These 

meteorological conditions alter throughout the length of the Northern Sea Route, and naturally 

also as the seasons progress. A detailed study of them, in the form of statistics and prognoses, 

arc of great importance for ellicient ship operation 

During the summer months from July to the end of September the ice from the previous winter 

largely thaws. This applies to the Barents, Western Kara and Chukchi Seas In the Eastern Kara 

Sea, the Laptev Sea and the East Siberian Sea part of the sea ice from the previous winter 

remains as ice floes, but can also remain as compacted pack ice and be exposed to the new 

freezing process in October. This biennial ice loses most of its weakening brine during the 

summer thaw and then freezes into ice of higher strength during the following winter. 

From October onwards a solid layer of ice freezes, wliich in the near-shore reach and sheltered 

bays remain immobile for the whole winter (see Figure 1). Further out to sea the newly frozen ice 

in various forms and development stages is almost constantly in motion due to tidal and sea 

currents. The freeze lasts until the end of May. We, therefore, find the greatest thickness of level 

ice (roughly 2.5 m) in the Laptev Sea in May. For natural reasons the thickness differs over the 

length of the Northern Sea Route (see Table I). Where there is considerable ice movement this 

level ice is pushed together to form pack ice or ridges or hummocks of compacted ice which can 

be more than 30 in thick, it represents considerable obstacles for shipping. The ridges and 

hummocks consist of ice floes which are only consolidated in their upper part, 2-3 m below the 





water surface The majority of compacted ice occurs in the vicinity of obstacles such as islands, 

and also at the edge of large ice fields. This makes the various straights (Kara, Vilkitsky, Laptev) 

very difficult for ships to pass. 

120-1 50 in the north 
I 

Kara Sea, West 120-200 
I 

Kara Sea, East 120-200 
1 

Laptev Sea 200-250 I 

Table 1 

As a counterpart to these ice accumulations wide ice free channels occur, the so-called polynyas, 

which are highlighted in Figure I The polynyas are a consequence of long-duration, 

directionally-constant wind conditions. Thus, for example, a polynya arises off the coast of 

Siberia during the winter months from January to March, since during this period the winds 

constantly blow off the land towards the sea. Shipping is happy to use these ice free channels' 

where so permitted by the depth conditions. 

The most difficult ice conditiolu are frequently to be met to the east of the Zcvernaya Islands and 

also in the area of the Wrangel Islands in the East Siberian Sea. Central Arctic ice moves under 

the effect ofcurrent and wind in the form of large ice fields sometimes having a diameter of 100 

nautical miles (AAR1, Polferov, 1993) against the island barriers and compresses the sea ice 

existing there into pack and ridge ice. That Central Arctic ice is up to 3 m thick, thus causing 

dilTicultiea even for the powerful nuclear-driven Russian icebreakers In addition, there are also 

numerous open leads between the ice fields. These are sought out by ships in order to navigate 

quickly accepting detours, rather than be hampered by solid ice on shorter routes 



The ice conditions on the Northern Sea Route have for several years been plotted by the Arctic 

and Antarctic Research Institute (AARI) in St. Petersburg not only by direct measurements and 

observations, but also by assessing satellite images. They are nowadays stored in an electronic 

data bank. Figure 2 shows, for example, the percentage of ice coverage in the south-eastern 

Barents Sea during March, while Figure 3 shows the lines of equal average ice thickness in April. 

Even though more extensive and detailed ice information on ice coverage, ice thickness (max, 

miit average) for the various months of the year and in the various areas of the NSR is available 

at the Arctic and Antarctic Research Institute of St. Petersburg and for internal use also at 

HSVA, for optimum route planning a description of ice conditions of this type is not detailed 

enough. Work should be done on providing ships with forecasts of ice conditions, including the 

location of ice free channels for the next 12-24 hours whereby account is also taken of satellite 

images, aerial photos, and meteorological and oceanographic influencing factors. According to 

HSVA's experience in expeditions with POLARSTERN helicopter reconnaissance is inadequate. . 
Ice conditions alter too quickly by wind and tidal currents. Both can, however, becalculated and 

incorporated into a routing advise 

3. RUSSIAN ICEBREAKERS AND ICE-BREAKING CARGO SHIPS 

Since World War Two the USSR has systematically built its Arctic icebreaker fleet and today has 

24 sea ice breaker and 38 tiarbour and river icebreakers. Seven of them are nuclear powered and 

have a propulsive power of 56 MW, respectively 33 MW. 

The Russians have been receptive to new developn~ents. They demonstrated this in the 1980s by 

converting the bow of two relatively new icebreakers (MUDYUG and the KAPITAN 

SOROKIN) to the Thysseflaas  icebreaking system. This icebreaking technology has proved 

itself on the Northern Sea Route by saving up to roughly 50% of the engine power needed (see 

Fig. 4) (Hellmann, 1991). 

A sister ship to the KAPITAN SOROKIN, the KAPITAN NIKOLAEV, was converted in 

Finland and received a cone like bow. Comparative measurements of the ice-breaking capacity 

of both systems in the estuary of the Yenisey confirm the superiority of the Thysseflaas  

System (Figure 4). 
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Tlie Russian icebrenkcn are operated on behalf of the Russian Federation by the Murmansk 

Shipping Company and Fair-Eastern Slipping Company, for the moment they arc not W j  

utilized. 

This is due to Russia's economic problems, as a result of  which freight transport to and &om 

Nonh R w a n  ports has decreased. Currently there is thus adequate icebreakins capacity for the 

Northern Sea Route transportation i e. icebreaker assistance to ice-strengthened freighter!. 

According to the Murmansk Shipping Company's pnce list, for example, accompanying an ice- 

breaking !.?tighter of the SA-15 class fmm Murmansk to Providcruva would cost TDM 146. This 

pnce depends upon the sue  and ice class of the slup to be accompanied. Shon-term icebreaker 



requirements are relatively expensive at TDM 72 per day. Russia now has 26 relatively new ice 

breaking freighters, of which 19 are of the Finnish-built Norilsk SA- 15 type. These multi-purpose 

freighters have a carrying capacity of 15000 loimes and are driven by 15.4 MW diesel engines 

The ship dimensions are L^= 174 m. Bm., = 24.5 m, DM = 8 5 m The SA-15s can only operate 

without ice breaker support in ice up to about I in thickness. In order to improve their 

performance in ice it would be appropriate either to increase their power or to modernize their 

icebreaking bow shapes 

In the 1980s Lash Carriers were developed in Russia for the Arctic (Alcksey Kosygin-Class) and 

three of these have been built. Although these ships have a power of 25 MW their efficiency in 

ice does not meet expectations (Brigham, 1991). The most recent Arctic freighter development 

is the nuclear powered 30 MW LasWContainer Ship SEVMORPUT. In addition to these more 

recent Russian freighter types is a large number ofice-rrinforced wood-transporter ships, bulk 

carriers and also small oil tankers, of which some have recently been built by the German 

Shipyard MTW Wismar. 

4. CARGO POTENTIAL FOR THE "NORTHERN SEA ROUTE" 

In 1990 goods to a value of USS44.000 billion were exported to the Far East from Northern and 

Central Europe. In the opposite direction imports were worth USS 82 billion (Ramsland. 1991). 

Germanys share in this trade is significant as  Fig 5 shows. The cargo traffic from Hamburg to 

Far East has increased by 35% over the last two years. Even if the container transport via NSR 

would prove to be economical, it is not expected that the shipping con~panies will change quickly 

from their traditional seaway (Suez Route) to the NSR. 

Figs. 6 and 7 show, however, that since 1989 a significant drop of the number of containers 

transported between Hamburg and Japan inbound and outbound occurred, which could not be 

compensated by the increase of transport between Hamburg and Korea. The reason for the 

decreasing container shipment t o  and from Japan is attributed to the outsourcing of the 

production ofindustrial goods from Japan to South-East Asia. This trend must be considered in 

any prediction of the economy of the NSR. 



Import from Far East to North European 
Countries !n 1990 

I 

Fig. 5 

Extensive use was made of containers for this exchange of goods. In 1990 866500 containers 

were slipped from Northern and Central Europe to the Far East via the Suez Canal route and of 

these 3 17300 containers, or 36%, came from Germany. 1105287 containers were shipped from 

the Far East to Northern Europe 

The sea transport in tlie Russian Arctic is essential for the development the Russian economy 

(Granberg, 1993). 

Besides the trans-shipment of goods between Europe and the Northern Pacific the Northern Sea 

Route has its second major potential in the export of resources such as nickel, copper, diamonds 

sin and gold, of forest products and especially of oil and LNG. While the mineral resources and 

forest products are already being transported via the three large rivers Ob, Yenisey and Lena to 

the NSR, the multi-national oil companies are planning together with their Russian partners to 

use the seaway to transport the mostly onshore producted oil in the north-western part of Russia 
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by tankers from the Pechora Sea to westein Europe One of the problems in this concept is the 

tanker loading process, because of the shallow water conditions close to shore The offshore 

loading terminal lias to be designed in order to be operational under various drifting ice 

conditions One possible solution is shown in Fig 8, in which two prefabricated storage barges are 

rounded at tlie 25 in deep sea bed. The haibor between the barges has two entrances in case one 

side is blocked by pack ice The backsides of tlie storage baigcs are filled with gravel and 

protected against erosion by stones Oil-spill booms at the entrances would prevent the spreading 

of oil in case an accident occurs during the loading process Such type of harbor could also be 

used as oil production island. 

The tanker transport of oil, gas condensate and LNG could become the major driving force also 

for tlie increasing use of the Northern Sea Route for transit shipments to Far East. In this context 

it was very in~portant that tlie Russian Parament did sign the "Petroleum Law" this June (1995). 

Gas condensate and probably also LNG are intended to be shipped from the Yamal peninsula to 

western Europe. In this case the more severe ice conditions in the Kara Sea and especially the 

passage through the Kara Gate which is onen blocked by compressed ice have to be managed 

5. ECONOMICAL EVALUATION 

So far the Northern Sea Route has been used for cargo transit from Europe to East Asia by 

Russian shipping companies only to which the economy ass of minor importance. If this seaway 

with its shorter distance between Europe and Far East is supposed to become attractive to 

western and nowadays also to Russian shipping companies, economical profit has to be expected. 

The economical evaluation was carried out by comparing the shipping costs between Hamburg 

and Yokohama along the Northern Sea Route (NSR) with that through the Suez Canal (SSR) on 

the basis of the Required Freight Rate (RFR-value).TIuee types of cargo vessels have been used 

for the calculation, a 1500 TEU container vessel, a multi-purpose cargo vessel and a bulk carrier. 



1.1 Prop~Md concern for an Offthore Loading System in drifting ice 
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The RFR-value is defined as: 

m - Annual overall cost 

2 .r TEU J Numtfr of rmmd trim 

The annual costs include 

- operating costs - interest and repayment costs - passage costs - insurance 

In this paper the procedure of the calculation is shown for the container vessel only. The ship data 

as well as the annual costs and voyage costs are given in Table 2 

It is assumed that one 56 MW icebreaker is leading not more than two cargo-vessels through the 

ice; this number may change according to the ice conditions 

The price for the icebreaker assistance is taken from the price list, published in 1993 by Murmansk 

Shipping Company (MSCO). 

Key question in the economical evaluation of the NSR is the speed of the wnvoy which can be 

maintained during the various months of the year. On the basis of published ship speeds by 

Ramsland (1992) and experiences of Murmansk Shipping Company with their ships of the 

NORILSK class and the SEVMORPUT as well as from the winter wnvoy in 1993 with 

KANDALAKSHA (Batskikh, Mikhailichenko, 1993) the following average speeds of a container 

ship convoy during the various months of the year seem to  be possible (s. Table 3). The open 

water speed of each container vessel is 19 knots. 

In Table 3 it is distinguished between the speed with the present status of technology and the 

expected speed in case more research and technological development is performed and the results 

implemented (with R+D-effects). The technological improvements are expected in the fields of 

- icebreaking technology 

- prediction of optimal ship routes through the ice 

- information technology 

- ship operation 1 convoy handling 

- logistics 



Tab. 2 



Container Vessel 11 
state of the art with R+U etTccts 

Jarr11:iry 

Fcbruaiy 

March 9.0 

1 September 1 14.5 1 16.0 11 
11 October 1 13.5 1 16.0 11 
1 November 1 9.7 I 12.0 11 

Tn l~.  3 Average speed o f  the icebreakerlcontainer vessel convoy during the various 
months o f  tlre year 

By using tlic estimated ship speeds in Tab 3, voyage-days have been calculated for the 11340 nm 

long Suez-route between 1 lamburg and Yokohama and for the NSR-route. the distance o f  which 

is 7000 nrn with 2800 run navigating in ice. 

The number of voyage-days are presented in Table 4. for the Suez-route, for the NSR nt the 

present stale of  the art, and for the NSR with IUD-effects. 

The RFR values have been calculated as shown in Table 5 for the container ship with a loading 

capacity of  1500 TEU The same n~ethod but with other ship and voyage-speed data was applied 

for tlre bulk-carrier and multi-purpose ship. Tlie calculation was carried out for the Suez Canal 

Route (year-round) and for the Northern Sea Route under the following conditions 

6 months NSR 
6 months NSR plus 6 months Suez-Route (current state o f  the art) 
6 nionths NSR plus 6 months Suez-Route (with R+V-effech) 
12 months NSR (current state o f  the art) 
12 months NSR (will1 R+ D-elTecH) 



Tab. 4 

The calculations were repeated for the higher ice class (ULA) container ship with DM 6 million 

additional investment money. 

The RFR-values for the different conditions are presented in Table 6. The yearly profit (expressed 

in DM) when using the NSK from Hamburg to Yokohama instead of the Suez Canal Route was 

calculated for different conditions and for the three ship types (s. Table 7). 

6. CONCLUSIONS 

By order of the German Ministry for Transport the IIamburgische Schiffbau Versuchsanstalt 

GmbH (HSVA) has carried out a study to evaluate the technical and economical feasibility ofthe 

Northern Sea Route. The availability of 19 icebreakers with more than 16 MW propulsive power - 
five of them with 56 M W  - and the experience of several years of convoy trips along the NSR 

have proven that navigation wen during the winter season is technically possible. 



I I 

I 
I I 

Sou NSR Sun SIM NSR Told 

(summer) (lununer) 

N i i m l w r d d ~ p  lit SI.80 35.00 

KS per round trip 

(KT) 

Pw~gecostsrc+Rt TDM 103.40 I%,OO 

RT per par  

Cmt per dÃ§ Â ¥  KM 

Insum~wpr RT 

Profit per ytÃ§ 1705.00 5045.00 

TDM 

TDM 

RFR-tmlun 

1n-e per R T  

lncotnf per p r  

Tub. 5 Calculation of the RFR-values and tlie NSR-surplus per year for the Suez-Route and for 
NSR (6 months) with R+D-effects 
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TDMORT 
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53.00 

36.00 

3 W . 0 0  

6.51 

3000.00 

3.25 

0.91 

19530.00 

4.70 

0.91 

-- 

735 

I 

0.70 0,79 

23850.00 



1 Conlniner Ship, Ice Class F.4 (UL) 1 
Variant 

At today with RtD 
stale oftlie nrt 

I'ab. 6 RFR-values for the 1500 TEU container vessel. SSR vs NSR 

Variant I1 1 1865 1 3340 1 

Tub. 7 Yearly profit of using the NSR instead of the Suez Canal Route for three dimerent ship 
types 



The econon~ical proposition of the NSR has been evaluated for three ship types (container, multi- 

purpose, bulk) in comparison with the Suez Canal Route (SSR) by the Required Freight Rate 

(RFR) method The most difficult task was the determination of tlie convoy speeds in the various 

months of the year The experience gained in Russian convoy trips was drawn upon here. The 

RFR-values weie calculatcd for the current state of technology but also for conditions when 

research and development (R+D) results are implemented The R+D would have to cover tlie 

entire transport system (ship design, communication, logistics, route advise ctc). 

The RFR calculations show that, when conventional icebreaking technology is used, together with 

the assumptions made otherwise, year round shipping on the Northern Sea Route is only slightly 

cheaper than via the Suez Canal If the sailing period is restricted to the sommer months, the 

Northern Sea Route is already an attractive proposition in economic terms. 

Shipping via NSR would become economically more attractive, if tlie transport system were to be 

developed further in technological terms If this is assumed, RFR-values of 700 D M E U  (6 

months, summer) to 780 DMlTEU (entire year) can be counted upon. as opposed to 910 

DMiTEU for the Suez Canal Route. Splitting of tlie route, i e 6 months NSR + 6 months SSR is 

not real beneficial, compared with operating the NSR year-round When operating the 1500 TEU 

Container Vessel between Hamburg and Yokohama year-round on NSR the profit compared with 

the Suez Canal Route would be almost 4 million DMIyear, if R+D-results are applied; without 

these developments the profit would only be marginal (755 TDM) Considering the risk involved 

in Arctic navigation the year-round navigation on the NSR with the present state of the a n  is not 

recon~niendable yet. 

However, tlie commercial use of the Northern Sea Route could start with the 6 months (summer) 

operation During tl~is starting phase the technology could be in~proved by R+D which could lead 

to a profitable year-round use of the Northern Sea Route. 

The development of the trans-sliipment from Europe to JapadKorea would gain from the 

development of the oil taker operation in the western part of the NSR which is supposed to start 

by the year 2000. 
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ABSTRACT 

In cooperation witlt many Russian ittstitutcs and western consultants, Atnoco engineers 
have been evaluating several systems for the export of hydrocarbons from (he Yamal 
Peninsula t o  Europe. Sonic of the critical components of the export system planned for 
the area are an offshore tentitnal. pipelines, icebreakers and tankers. The major factors 
affecting the design and operation o f  these systems must be well defined. The proposed 
preliminary plan for the export systems includes the placement of a storage terminal in 30 
m of water offshore Kharasavey and a loading system in 14 m of water in the O b  Bay 
offshore Mys Kenicnny. 

T o  assess the cost and feasibility of these marine systems, it was necessary t o  collect 
specific ice, environmental and other engineering data in the Kara Sea  and O b  Bay. 
These engineering studies have focused on problems unique t o  the Arctic offshore. 
Design bases, which combine the best available Western and Russian technologies have 
been developed for these export systems. This paper reviews the numerous ice 
engineering studies and field expeditions that were successfully accomplished over  the 
last three years for the Yama! project. 

INTRODUCTION 

Ainoco Eurasia Petroleum Company has fumlcd, over 
the last three years, numerous technical engineering 
studies and field trips in order to better understand the 
Russian Arctic offshore and onshore [I]. llicse studies 
were done in cooperatoon with many Rusiian instnutcs 
and western consultant%. To quickly gain a good 
understandmg of the Russian Arctic, three approaches 
were used to collect the necessary engineering data 
The fimt an~roach was b a d  on the understandinc of 

obtained from participation in several field expeditions 
[ 2 ]  This gave us the opportunity to Compare the long 
term srntivttcs with the observations made during k 

particular year 

Finally, we combined the best Russian and Western 
mathematical and computer models I31 in order 10 

bindcast short and long term results related to the 
environmental conditions, loads and their combination, 
risks and downtime The short term statistics were used 
to develop criteria for day to day operations and the . . .  

existing data. Ainoco contracted several Ru-ssian long term statiftics were used loe?timate the magnitude 
institutes to annlvre the lone term statistical data that 1s of dexien or extreme events. 
available in the literature and instilutes* data banks. 
This historical data was then supplctnuitcd by the data RUSSIAN CONTENT 



Amoco worked i n  close cooperatmn wili many Ruwi.m 
infinites to define the offshore environment, develop 
dcsign and operational critcnn, and develop and review 
conccrtual dcsigin for tankers and ternmiiils The 
results from these studies provide the key to a safe. 
ecitiivmicnl a i d  fc,i'iibIc ciport systcm 1 1 ~ '  Rti'iwn 
engineers and uientists were very familiar wtth 
Amoco's problems am1 'iuccessfully c.iine up with cost 
effective solutions and sonnriiines nitcniiilivcs to 
Amoco's options Thioui;li tins claw cooperation. 
Amoro tins been able to combine !lie best availai>le 
Western and Russian technologies Moreover, Russian 
and Western codes and standards were also uwd and 
compared during this exercise 141, 

ENVIRONMENTAL STUDIES 

?lie key fnctor to cvaluatc the fdisihiliiy nnd coi l  of 
operating i n  a pnriicular area. c-ipcctdly the Arctic, is 
to hcivc a good un<lcrstainling of the vnvironinent For 
transporting petroleum products by wii hum llie Yntnal 
Peninsula, this includes knowing the properties nnil 
distribution of the offshore permafrost, sea floor 
;haractcnstics, consinl proceiws, ice. open walcr find 
incteorological conditions O f  pamculnr importance 
are the ice conditions and ch.uacter~sucs of #lie <?.,bed 
This paper describes all of our activities i n  this area 
The projects are listed in Table 1. 

Tuble 1. Ice and Ice Scour Studies nnd Field 
Expeditions 

Topic i d t i t u t c  Sear 

Ice Scour Survey, Knra Sen 

Ice & t~ytlronictcomlogical 
Conditions in the Kara Sea 

Study o f  Extreme Ice 
Fenlures in liic Kana Sea 

Glob:i! Ice Dynnnncs in the 
Kara Sen 

Retnntc Sensing of Knra 
ScÃ Ice 

Ice Scour Survey. Kara Sea 

SA-15 Kara Sea Ice 
Expedition 

Air Reconnaissance of  Ice 
in the Knra Sea 

An Expedition m the 
Kiln-tits aid  I'c"h<Ã§r Seas 

ERS- 1 Image 
nit~prci i i t iot i  for the Kara 
Sea 

Eco-Sy%em 

CNIIMF 

AARI 

AARI 

Fxo-Sy~eni 

AMIGE 

AinocdKM 
YIAhlIt iK 

KMYIAMI 
GE/PINRO 

VNIPI 

Vicki~i* 

1 I. K;it:i Sea Ice Dynamics IccCniting 1994 

12. Ice Lonil Mide l  for a SP State 1994 
Hummock field/S:ruclurc Tech Univ. 
Intcr.ictt0n 

13 Coiiplcd kc-0t-v:in AARI 1994 
Dyii.imics Model o f  the 
Kara Sca 

14 Kw.i Sea Coupled Ice- MSU/NOR 1994 
Oce.iii Model DECO 

15 Kara Sen SLAR Image Bcrehn I994 
~ ~ O C C S S I , ~ ~  :in<! 
Iincrprctation 

16. Ice & Ilytlrometeorologiciil AARI 1994 
Conditioni 111 the Ob' Gulf 

17. ERS- 1 Image DiA~ns  1994 
lntcrprctiiiion for tlit: Ob' 
Gulf 

18 Kara Sen & Ob' Bay Ice AmocdKM 1995 
Expedition - March &. YIAARI 
A w l  

19 Voyage of the Kapitan AmocdKM 1995 
Nikolaev Icebreaker - Dee YIAARII 
29 10 Jan. 11 CNIIMFIM 

sco 

Ice Conditions 

I KaraJca -- . 

Much of Amoco's work on cli.tracterizing llie ice 
conditions in t t ~  Karii Sea has been done in cooperation 
with members of the st.iff of the Atchc and Antarctic 
Re-i~nrch Instnute (AARI) and the Central Marine 
Kewrc l i  oiicl De$ign Institute (CNIIMF). A n w o  
began wmt-ing witli CNIIMF in 1992 and AARI i n  
1993 Tlie titve'itigations foctisc<l on the review of ice 
nnd I~ydroitteteorolugi~til conditions atid estreme ice 
feature'; i n  the Kaia Sea. I his was follnwc<J by simlics 
on the ice movement or dynamics Clopic- 2 to 5 t n  

l i ih ic  I )  From these stuilics we found the f~ l lowing 
,"<llll9 

The Kara Sea is usually covcreil hy ice for more 
i n n  nine months of the year. The mc<Ji:in ice 
tluckwss reaches 1 2 m in the south to 1.6 in 111 the 
nonh (Figure I )  

I t  1, also very ilynainic, con'itaiiily i n  nioliuii. 
resulting i n  tlie fonniitinn of litrue mbltlc fidds 
(hummi~.t.s, I~igttrc 2) nmj areas o l  intensely rulyfd 
r e  Most of ihc I<-c motion and dcfonitnti~m is (Jue 
to stonit %inds (cyclone and anti-cyclone) llbuvitig 
the- drdting ice hack and ronli t~ciwccti Novyn 
Zcmlyfl and Ihc Ynmal peninsula. As a result, the 



I l i c  key factor to cvnluatc the fc;i~lnltty nn<l cost of 
tipcrating in a ptirticul,tr siren, et i~cci~i l ly tlic Arctic. I9  

to i v c  :> good uiiderstaiulmg of the cnvironn~cnt. Por 
t i i i ' t j~ir tmt; petroleum prHtluets hy wzi imm the Yanial 
I'cninsul:i. this inciudcs knowing the properties niid 
disuihutiun of the oilshore pcrniafruit. fen lloor 
chiirnctcustic'i, cuast.11 p r ~ c c s w ,  ice, upen water mid 
riicimrulogical condiiatms O f  partlculiir impotlnnce 
are ihc ice conditions and ~li~lructcristics of the mibed. 
Tins p,ipcr describes nil o f  our activities tn tlus area 
Tlie pti*ject*i nre listed i n  Table I 

Tnlilc 1. Ice litid Ice Srour Sludle! and Field 
Lxpcdilions 

Topic Inslitulc Year 

Ice Scour Survey, Knra Sea 

Ice & Hydroniclecrulit~icnl 
Coixiiiions in tlic Kaua Sca 

Study of Extreme Ice 
Features in the Kara Sea 

G1oh.d Ice Dynninics in the 
Kara Sea 

Remote Sensing of Kara 
Sea Ice 

Ice Scour Survey. Kara Sea 

SA-15 Kara Sea Ice 
Expedition 

Air Rccoiinnissai~e o f  Ice 
i n  the Kara Sea 

An Exnetliiit~n in the 

11 Kani Sc<i lee Dynamics 

12 Ice I,vad M d e l  tor a 
Hummock ficl~I/Structure 
Interaction 

13 Ciiiiplcd Icc-Ocean 
D~ii.inites Modcl of the 
Kar;, Sc:i 

14 Karn Sc,iCouplcd Icc- 
Ocean M d r l  

16 Ice A, Hydroiiictcorolopical 
Conditions in tlie Ob' Gulf 

18. Kara Sea & Ob' Bay Ice 
ILxpciI~ion - M.ircli &. 
Apri l  

19. Voyiige o f  the Kilp:tan 
Nikolacv Icebreaker - Dee. 
29 i n  Jan. 11 

Ice Comlilions 

J ,  KaraSea 

IccCasting 

si' s:['te 
Tech. C n ~ v  

AAR1 

MSU/SOR 
nrco 
Bcrc11.1 

M R I  

Dickins 

AniocoIKM 
YlAARI 

AniocoIKM 
YIAARI I  

C N I I W M  
sco 

Much of Amoco's work on characterizing the ice 
conditions in the Kara Sea has been dune i n  cooperation 
I 1  members of  the stuff of the Arctic and Antarctic 
Kc-mrch Institute (AAR1) and the Central Marine 
Research find Design Institute (CNIIMF) Amoco 
began working with CN11MF i n  1992 and M R 1  i n  
1993. H i e  investigations focused on the review of ice 
am! hydromctcoiolo~ic:il coiul~tioiis 2nd extreme ice 
fciHures in  Hie Kai.i Sea. This was followed by studies 
on tin* ice movement or dynninics (Topics 2 tu 5 i n  
T a l k  1). From these studies we found the following 
resulis- 

The Kara Sea n uiunlly covered by ice for more 
than nine months of the year. The median ice 
thickness rcachcs 1.2 n l  i n  the south l o  1.6 m 111 the 
north (Figure 1). 

I t  is also very dynamic, constantly i n  rnotion. 
resulting i n  the formation of large nibble fields 

Unrcnl~ and Pechora Seal (hummocks: Figure 2) a i d  areas of inlenscly ri11gd 
ice. Most of tlie ice motion and iSefurniation is due 

10 HRS-1 Image Dlckins 1993 to sioini winds (cyclone and anti-cyclone) moving 
Inteipretatlon lor the Kma the drifting ice back am1 forth between Novya 
Sea Zemlya and the '.irnal peninsula As a result, the 



ice n m s  compresses itself on these two large land 
bodies. Depending on the wind severity and 
direction, this mayresult in zero to several degrees 
of compression within the ice cover (Figure 3). 

One of the critical navigational features of the Kara 
Sea is its narrow western entrance (Kara Gate) 
located between Vaygach Island and Novya Zemlya 
connecting it to the Pechora Sea. Although the ice 
corttlitions in the Kara Sea nmy be easy to navigate 
during a particular period of time, the ice may 
botlleneck in the gate rendering the passage of 
ships very difficult. . Multi-year ice and ice island or iceberg fragments 
are not a concern in the Kara Sea. However, small 
iceberg fragments (berm bits) have been observed 
in the northern part of the sea along Novya 7xnilya 
over the 60  years of observations. 

As the fetch in the Kara Sea is limited, the ice 
coiulitioiis govcni the dcsign of the oll^hore 
loading terminals and tankers. 

Following these studies. Amoco decided to organiye or 
participate in several field trips and exped~t~ons  to 
better understand the environnieiit of these regions and 
gain first hand experience (Topics 7 to 9 and 18, 19 in 
Table 1). Figure 4 slwws the locations where Atnoco 
representatives have worked on the ice or from an 
icebreaker collecting scientific and engineering data . . 
critical for the design of our export system. From these 
field trips we found the following results 

The ice conditions in the Kara Sea can be difficult 
even during an average winter due to strong winds 
creating compression in the ice field. This 
compression can prevent the ship from moving 
forward which redults in the ship being rescued by 
icebreakers. 

From our in-siru measurements, we observed 
several large partially consolidated hummock and 
nibble fields which represent the "design" ice 
features for our offshore terminal and iccbreaking 
ships. 

They are several routes that can be used to navigate 
the Kara Sea during the winter months. 

The routing of the ships in the Kara Sea is being 
done by t lu  Dick-son weather and the ice 
monitoring station on Dickson Island. The ships 
are well monitored and supported by the n~ost 
powerful icebreakers in Die world for Kate 
navigation. . The deployment of live ARGOS b u o y  in the Knra 
Sea provided us with critical data required hi 
calibrate our ice dynamics models and help us to 

better define operational and design criteria (Figure 
5).  . Such first hand experience was very helpful in 
defining the scope of work and discussing the 
results of our studies with our Russian contractors. 

In 1994 Amoco started work with a Western firm, 
IccCasting. the Russian institute AARI and the Russian 
firm NORDECO, to develop state-of-the-an ice 
dynamics models which incorporate the effect of ocean 
currents (Topic- 4, 11. 13 & 14 in Table I )  I he models 
are unique and can predict ice movements in the 
Russian Arctic driven by both winds and currents 
(Figures 6 a & b). These models were developed in an 
effort to extend our database. It is planned to use the 
1993 am1 1995 ARGOS buoys data lo calibrate these 
models and then use the nmlels to generate daily and 
extreme ice motion statisiics using historical wiwl and 
pressure data A detailed analysis of the data has been 
performed by Amoco (5) 

This hindcasting method has been successfully used to 
develop wave design criteria in dilTcrent parts of the 
world The results fiom the models will provulc us 
with the necessary dzita to predict downtime, risks and 
loads for the terminal and tankers. 

Anioco also worked with buth Western (Dicl-ins. 
Bercha) and Russian contractors (Eco-Systcnis) to 
characterize the ice using satellite imagery and Side 
Lwknig Airborne Rad.u. SLAR (Topics 8. 10 & 15 in 
Table 1) A map showing the position of the landfall 
iceedge boundary in the Kara Sea during 1993 is given 
iii Fieure 7. The oositton of thc luiulfast ice edee alone - - 
the Yanial Peninsula is cntical for de temning the 
location of the offshore terminal and the study of ice 
scours for the burial depth of submarine pipelines 

2. Ob' Gulf 

Data from the Ob Gulf was needed by Anioco in order 
to design the export systeni for the Novy Port oil. 
AARI was first to conduct a study on the ice conditions 
in the OW Gulf (Topic 16 in Table 1). A map 
illustrating tlie ice coiulitions in the OK Gulf at the end 
of April is given in Figure 8. In 1995 AAR1 
xcconipanied k n o c o  on 'he first winter icebreaker 
vovace down the OW Gulf and nartnercd with A n w o  , .. 
on a .sea ice characteti/.atron program for the Ob' Gulf 
during both the March and April expeditions (Topics 
18 & 19 in Tablc I) 

Without the support from AARI, it would have been 
impossible to kJcquately characterize the ice in our 
areas of interest and obtain ~ c n n i t s  for such work. In an 
effort to bring some operational experience to bear on 
our ice studies, Amoco also worked closely with the 
engineering staff at the Central Marine Research and 
Design Institute (CNIIMF) on ice studies in the Ob' 



Gulf. In addition. the firm of Dickins was alw 
contracted to analyze the ERS-1 images collected over 
the Ob' Gulf. From these studies and field expeditions, 
the following observations were made: 

In the Ob' Gulf, the ice is even thicker than the 
Kara Sea By late April the maximum thickness is 
located in the middle of the Gulf. On average, it 
can reach a thickness of 1 8 m (Pigitre 8). 

The ice has a low salinity and has a high strength. 

On several occasions, large and deep ice rubbles 
and ridges were found. 

The ice cdge moves from the middle of the Bay to 
the north as far as Bcliy Island. This results i n  
formntion of shear ridges along the coast lines and 
across the bay depending on ttu amount of ridging 
due to winds. 

Ice Load Models 

Amoco also worked with the St. Pctcrsburg Slate 
Technical University to develop new ice load models for 
the Kara and Pechora Seas 131. The models are based 
on fiiute difference method and predict ice loads for 
both frozen-in and impact conditions. The results of 
the new model 161 simulating impacts of first-year ia 
against a wide mnicture compare well with the full scale 
data accumulated by Amoco during operations in the 
Beaufort Sea 171. The model also takca Into account 
the effect of the ice impact velocity which was found to 
be important during laboratory and full scale tests. 

Ice Dynamics 

The motion of the ice cover not only Impacts the loach 
the ice can exert on a structure. but also affects the 
downtintc that can be experienced by a tanker loading 
at an offshore terminal, the risk associated with 
approaching and lowing the tankera at the terminal and 
ice .scours. The ice cover can also iinpede tankera white 
(raveling in areas of la convergence. I n  1994 Amoco 
began working with AARI on the development of 
coupled ice-ocean dynamics model Considering the 
importance of this work, a parallel a h d y  w a ~  also 
initiated with IceCasting, a Western firm , 8nd 
NORDECO. 

Numerical models have been developed to simulate the 
ice response to wind forcing, but in many c a m  the 
effectsof die ocean dynamics are unaccounted for. After 
considerable dluu%~ion with Russian xclentisu familiar 
with the current regime of the Knra Sea. It was d & i  
that, Sw reliable ice drift data. model should be 
developed that incorporates both ice dynamics 
(thickness, convergence, stress, deformation, ridges. 
leads, etc.) and ocean dynamics, Including both 
barotmphic (tides and storm <urge) and baroclinlc 
(thermohaline) circulation To accotnplish this task, It 

was decided to couple a state-of-the-art clastic-plastic 
ice model with a fully three-dimensional ocean 
circulation model. 

During nioilcl development, both AAR1 and the 
IccCaaing - NORIJRCO tcnm pcrformcil idealized test 
calculations and four Kara Sea simulations. The 
simulation periods were chosen to coincide with 
available satellite obtervntions or drifting buoy data, 
thus providing a means of model validation Both 
leanis were quite successful at simulating the motion of 
the ice cover. We now possess state-of-the-art 
capabilities for simulating ice behavior in the Kara Sea. 
These models may also be easily modified for predicting 
the drift of the ice cover in other Arctic Seas such as the 
Pechora Sea. 

Ice Scour Studies 

In  addition to the ice conditions. we need to have a 
good understanding of the conditions on the sea floor. 
A knowledge of ice scour is needed lo estimate the 
burial depth of offshore pipelines. Soil, permafrost- and 
coastal processes near the shore also need to be 
understood for selecting the best shoreline crossing for 
lhe pipeline. 

Two offshore geophytical survey nor Khuuavey 
have been conducted for Amoco. One in 1992 by Eeo- 
System and another in 1993 by AMIGE. Some of the 
resulta of these studies are presented in Figures 9. 
Figure 9 is a mosaic of a side scan radar xurvey of the 
sea floor. With the ERS-1 imago Mid the ice scour 
survey data, we were able to correlate the formation of 
ice goaga with the formation of ridges and ice 
movements i n  the Kara Sea. However. repetitive 
mapping of the xeabed in required for many years to 
come in  order lo  identify the age of the deep gougea 
observed during the two years of survey. 

CONCLUSIONS 
Numerous engineering studio have been conducted 
onshore and offshore the Yamal Peniinula in the 
Kara Sea. These ntudiex have shown that It Is 
feasible to export hydrocarbons from the Yamal 
Peninsula to markets using marine system. 

These d i m  haw p d y  improved our knowledge 
of the lone term statistics for environmental 
pr- Â¥n (hip operatima in the Kara Sea, 

They also provided the necouary Information for 
setting design criteria for die different components 
of our capon system. 

The field cxpcditions were key to properly 
understanding the Russian historical data, ship 
performance In ice and ice environmental and 
seabottom conditiof~. 



Fimtre 3: Locations of Predicted Zones of Conil~rcssion in tltc Kara Sea ( A A K I ,  1993) 



Fieure 4: Areas in the Russian Arctic where Anloco personnel have worked on the ice or 
from an icebreaker. 

Fieure 5: Ice Drift Results from ARGOS Buoy Data in 1993 in the Kara Sea. 
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Fieure 6a: Ice motion vectors from the 
NORDECO Ice dynamics n~odcl. 1 May 93. 

1 May 1993 

Fieurn 6b Calculated ice stresses from the 
AARI Ice dynamics model. 1 May 1993. 

1 May 1993 

Figure 7: Position of the landfast ice edge 
boundary in the Knra Sea during 1993. 



Ice !conditions in the Ob' Gulf at the end of April, 1992. 

Fkure 9: Ice scour o n  the west COW or Yamal, 1993. 



Arctic Tanker Trafficability Studies for Yamal 
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ABSTRACT 
Over the past three years. several Arctic tanker tralllcabiiity studies have been carried out by 
Amoco utilizing Weslern consultants and Russian Institutes. These studies were part of Amoco's 
Arctic engineering studies for Yanial. Newly built ici-breaking tankers of 40,000 to 120,000 tonnes 
deadweight capable of operating In the Kara Sea year-round are being considered. The proposed 
preliminary plan for liquids export includes the placement of a storage end loading terminal lor LPG 
in 30 m of water offshore Kharasevey and a crude oil loading terminal in about 15 m water In the 
0 6  Gulf offshore Cape Kemenny. 

Hydrocarbon liquids would be transported by the Ice-breaking tankers to an openwaterpod In Rus- 
sia, and possibly lo a major European market such as Rotterdam. Although most of the distance 
from Yamal to Rotterdam is in open water, ice transiting Issues and times have a major Impact on 
feasibility and cost. Therefore. It becomes cntical to assess the data available on Ice navlaation 
In thesoareas, and to consider how such data obtained from existing ships of small displacement 
can be extrauoiated to laroer Ice tankers. usino Russian and/or Western models for Arctic shio Iraf- 
licability.   his is an Issue which merits discussion in technicalcircles. It is tile objective of this paper 
to Initiate such discussions. Ammo has carried out several studies on Arctic tanker traftlcability, 
using Western and Russian lnslitule consultants. In order to identify and address the key Issues, 
and to estimate the transit times. Studies done for Arnoco provide a good background for a discus- 
sion of Issues. It is not our objective to summarize the Ammo study results here. 

INTRODUCTION 
Amoco has been conducting technical and economic studies on options to transport hydrocarbon liquids 
from Yarnal. A number of studies covering the whole spectrum of key technology and data issues have 
been carried out. An overview on the total study program undertaken by Amoco Is given [I]. Amoco's stud- 
ies In the area of Arctic tankers are summarized In 121. The objective of the present paper is to provide an 
overview of some issues related to Arctic tanker trafficability studies. 

Preliminary plans are to transport hydrocarbon liquids from Yamal by Ice-breaking tankers to an openwater 
wrt in Russia, and wssibiy to a malor European market such as Rotterdam. Although most ol the distance 
from Yamai to Rotterdam is In open water. Ice transiting Issues and times have a major impact on feasibility 
andcost. Therefore. It becomes critical to assess tho data available on Ice naviaation In those areas, and 
lo consider the use of such data obtained from existing ships of small displacement tor predicting the per- 
formance of iaroer. new tvoos of Ice tankers. These ere issues whkh merit discussion, and ~ossible further 
work. Such work could lead to capabilities to make more accurate predictions on Arctic tanker transit limes 
during project planning stages for Hie Russian Arctic. 

OBJECTIVES OF SIMULATIONS 
Arctic tanker transit simulations that were carried out had the primary oblective of estimating the transit 
times and the variability of transit times during the protect life, which was assumed to be 20 years. This 
required the calculation ol transit times for every month oi the year, during years with winters ol different 
severities. These calculations allowed us to estimate the required number, size and power of tankers, and 
Ihe required storage volumes. Transit routes studied are Indicated In Figure 1. 



ARCTIC TANKER TRAFFICABILITY MODELS 
Anyone who has been on an Arctic voyage will recognize the wide spectrum of parameters that can have 
an impact on the transit times. tee thickness, strength properties, snow thickness, temperature, aerial 
extent and sizes of ridges and rubbles, the degree of consolidation of ridges and rubbles, presence of rafted 
Ice, the frequency, duration, and the intensity of occurrence of Ice compression, visibility, etc., influence the 
transit times. All of these factors have spatial and temporal variabilities. Another set of parameters relate 
to the tanker. These include the bow form, reamers, friction coefficient, mass and added mass. resistance 
and propulsion, backing distance during ramming, heeling system, water wash system, elc. Navigational 
tactics such as convoy arrangements and active Ice navigation to avoid heavy ice and to make usa of leads 
and thin ice can of course have a significant effect on transit times. Considering the large number of factors, 
many of which have spatial and temporal variabilities, any transit simulation to be performed can only be 
approximate. How best to capture the most important effects by analytical models and appropriate Input 
data is the main question. 

A number of models for Arctlc ship translt simulation, which have been developed over the years, exists In 
Russia, Finland. Canada, USA, and elsewhere. An extensive amount of work has been done to date, by 
analyses, model testing, and full-scale measurements and data collection using Icebreakers from USA, 
Canada. Finland, Sweden, Germany and Russia. For the Yamal trafflcabllity studies discussed In thls 
paper, primarily two moods have been used. These are the Kvaerner h4asa Yards (KMY) model and the 
Arctic and Antarctic Institute IMRI i  modol. Tho KMY modol is considered bv us to be rcoresentalivo of the 
Western models, the AARI model is representative of the Russian rnodels.0ne objective of this paper Is 
to briefly describe the trafficability results from tliese two models, lo highlight the major issues, and to briefly 
point to possible future steps that could be undertaken to make the best use of technology developments 
both In the West and Russia In thls particular area. 

Each of these Arctic ship transit models has Its own history. For background, a very brief historical back- 
ground on the KMY and AARI models Is given below. 

The KMY model was developed originally as early as the mid-1970s. At that time, the model was used to 
optlmlzs the Finnish Icebreaker fleet and some trensportatlon systems like the oil transportation fleet along 
the Finnish coast. Applications lor LNO transpurlation In Ilia Canadian Arctic, as well as for lhe cargo trans- 
portellon to and from Russian Arctic, were developed In the late 1970s and early 1980s. 



The KMY model has been continuously upgraded as new Information has been created on Ice conditions 
and their influence on the performance of individual vessels. In the 1980s, a large amount of data was col- 
I d e d  onboard Finnish Icebreakers and c a m  vessels during their reaular o~eratlon In the Baltic. This data 
was used to wily the model and also to r&nize those parameters In the toe conditions that have signif- 
leant Influence on the fleet performance. Later on, the data from all full-scale trials performed was used to 
continuously Improve the equations used In the model. Thus, the model has also served as a tool to develop 
new designs for Ice-breakina vessels and to estimate the Influence of the new features in the total econorn- 
Id of a s d f k  transporta!6n task. 

The KMY model Is a mechanistic model. and tt reoulres somewhat detailed Inout on Ice conditions. Includlna 
Ice thickness distribution along the r&e and the distribution of number and sizes of ridges. &tnewhai 
detailed Input Is required on the ship parameters, including main dimensions, hull form, propulsi~n System 
performance, etc. The dynamic force balance equalton applicable for ship motion In Ice Is then solved Incre- 
mentally. tom! the solution for soeed. distance traveled. etc. Flaura 2 Is a How chart of the model. and 
~ i ~ u r e ~ 3 A  and 3B show typical exampie outputs in graph& form.for a short segment of the route. A corn- 
ptete simulation along the length of !he route can be carried out to get total transit lime and average oper- 
aUn0 speed. 

1 END I 
Figure 2. Flow chart of KMY transit simulation model. 



Figure 3. Typical atlon model. In 
graphical form. 

Die AARI model was developed In early the 1980s as a result of generanzing multiyear special obsecva- 
tlons of the motion of Icebreakers and ships In real arctic Ice conditions In the Russian Arctic p]. Based 
on the data. empirical dependencies of the effect of major charactwisllcs of Ice cover (concentration, thick- 
ness. aae cateaories. amount ol hummockloo. fracturlno. deoree of Ice destruction. as well as snow heloht 
and ~ce~omp&ng) on the ship mollon were-obtained. This-allowed the creation of a model for calculating 
technical and operating velocities of ships at any combination of Indicated Ice characteristics [4]. 

The AARI model consists o( two parts. The first part Is a transition from a general distribution of tee char- 
acteristics In the navigation region (which Is recorded on conventional charts of airborne Ice reconnals- 
sance) to ship motlon-related Ice characteristics along the route. The second part of (he model Is the 
calculation of motion velocities of the Icebreaker, single ship. and a convoy of ships, and thls depends on 
the technical parameters of the vessels. At first, the technical velocity of ship motion (thls Is a maximum 
feasible velocity) In a specific Ice zone h calculated, and then Ihe expected operating velocity Is estimated 
[51. 
As a calculation example on the bash of AARCs model, tot us consider Ice conditions In the segment 
batwoan Kara Gale and Kharaaavav. In Mav 1985.6hown on Flow 4. tee data that Is klul Into the AARI 
modal Is taken from the comoosltetix chart (Fb& 4). and Is shown on Table 1. The 'model results lor 
calculated average operatingspeeds and tr~sritimes& shown on Table 2 (or three cases: Arktika type 
Icebreaker traveling alone, a 120,000 dwt Icebrealdng tanker, and a ctandard convoy (Mdlka + UL). 
Results are given tor both the shortest variant and tor the optimal variant, with and wttioul tee pressure. 

APPLICATION OF TWO MODELS TO A YAMAL TANKER PROBLEM 



Table 1: Length of uniform Ice zones and corresponding Ice characteristics by the 
shortest and optimal navigation variants. 



Table 2 AARI model results for several example cases. 

of application of the two models discussed above for one specific problem, and then discuss the issues. We 
will consider the problem of predicting the round-trip transit times from the Murmansk area to an offshore 
loading terminal near Kharasavey, on a year-round basis, during the life of a project. A 120,000 DWT ice- 
breaking crude oil tanker capable of independent navigation 1s considered. Such tankers do not exist cur- 
rently, and predictions made on transit times are used in milking project decisions. This is why it is very 
important to make the best possibie predictions using available technology. 

The KMY study results for this case were generated during the initial screening studies for various possible 
transportation options. (A brief outline of the transportation options considered Is given In [Z] . )  Monthly 

' 

average transit times were computed for three years representative of mild. average. and heavy ice condl- 
lions The ice conditions input into tho KMY model wero based on data available to KMY, collected through 
several past field expeditions. The input ice data included ice concentration, thickness distribution, number 
of ridges per kilometer and height distribution of ridges for the different segments along the route, for every 
month of the year. Results for transit times lend to be sensitive to Input data on ridge sizes and spacing, 
and also to consolidation of ridges. Admittedly, this type of analysis requires a substantial amount of data. 
The data availabie was not extensive enough, and suitable assumptions were made based on best Judg- 
ment. This was considered acceotable for the screenina studv. Presence of ice oressure was not consld- 
ered in this analysis, since not enough data was availabie. ~ l s o .  the analysis assumed straight-line transit, 
without detours to make use of cracks and leads in ice, as Is likely to occur In reality when the ice conditlons 
are heaw. These two neolected effects counterbalance each other to some extent. An Ice-breakino tanker 
with a c&npromise bow designed for both Ice and openwater performance was assumed. The f&owing 
were the main particulars Length (waterline) - 275 m. Beam - 46 m, and draft - 15 m. Conservatively 
assumed level ice performance curve resulted In an icebreaking capability at 2 knots of only 1.7 m. Aver- 
age transit limes COmD~ted usino the KMY model lor transit between Murmansk and a Kharasavev Offshore 
~errninal are given in Table 3 fora few selected months (September, April, May) The round-trip transit times 
given in Table 3 (and In subsequent tables) include 40 hours for loading and unloading. 

In the AARI study, transit times were calculated on a monthly average basis for three representative years, 
with easy. medum and heavy ice conditlons. The easy, medium, and heavy classifications are qualitative, 
and conventional. The tanker parameters were the same as in the KMY study. Detailed input on the bow 
shape, friction coefficient, etc., is not needed for the AARI's empirical statistical model. For adjusting the 
empirical statistical model to a new type of ship. its main technical parameters (power and particulars) are 
required, as well as performance curve In compact level Ice for a specific season of the year. (Imbedded 
in the level ice performance curve are the influence of bow shape, friction coefficient, etc.) For the years 
considered. AARI used all of the ava.lable data on navigational ice conditlons, and ~enerated the input Val- 
L ~ S  needed for the analysis. Selected results of the analysis are given below. In Table 4. 

The numbers in parenthesis are round-trip times when there is ice pressure of one ball (one unit, In a Rus- 
sian scale). Some usefdl conclusions can be drawn by e Droper com~arlson of the results Qiven In Tables 3 
and 4, as these results represent two different approaches t i the same problem. One approach has a better 



Table 3: Selected monthly average round-trip transit times between a 
transshipment terminal near Murmansk and a Kharasavey Offshore 
Terminal, according to KMY's Initial screening study. 

Years with Mild Winter Year with Average Winter Year with Severe Winter 1 1 (Days) 1 (Days) 1 (Dais) 
I I I 

September 1 4.8 

April 

1 May 1 6.4 (7.2) 1 6.6 (9.5) 1 11.4(16.0) 1 

Table 4: Selected monthly average round-trip transit times between Murmansk 
and a Kharasavey Offshore Terminal, according to AARI's Initial study. 

model of the mechanics of ship motion in Ice, and the need for more data than Is available. The second 
approach Is empirical stalistlcai, end therefore, is almost completely based on transit time data collected 
using existing ships, which are small compared to the tanker being studied. This approach does not model 
the mechanics of ship motion through ice. and consequently may not properly account for any effect of ship 
size. But, In this case, we do have the data needed lo apply this approach. 

4 8 

9.4 

Month 

September 

April 

Now let us compare the results in Tables 3 and 4. First, we may note that the round-trip transit times In 
Tables 3 and 4 are different even for September, which Is an ice-free month. This difference Is due to the 
lact that the round-trip distances used in the two analyses were not the same. Results in Table 4 are lor 
travel to and from Murmansk, not to a mssible transshioment terminal location. The difference in round-trio 

4.8 

May 1 7.3 

travel distances accounts for about 0.6 day of transit lime difference between the two Tables. This c o r r k  
tlon could be applied to either Table 3 or Table 4. If we apply thls to Table 4, the following table Is generated. 

13 

Years with Mild Winter 
(Days) 

5.5 

5.9 (6.2) 

Table 5: Selected monthly average round-trip transit times between a 
transshipment terminal near Murmansk and a Kharasavey Offshore 
Terminal, according to AARI's Initial study. 

17.1 

12 4 

Years with Mild Winter Year with Average Winter Year wilh Severe Winter I ""Â I (Days1 1 (Days) 1 (Days) 

16.4 

Year wilh Average Winter 
(Days) 

5 5 

6.4 (6.8) 

Year wilh Severe Winter 
(Days) 

6.5 

12 6 (18.4) 

Table 3 and Table 5 can now be compared, tor no Ice pressure, since thls was the assumption In generating 
Table 3. It can be seen that the AARI results for round-trip limes In April and May are significantly less lor 
all cases without Ice pressure. This Is attributed to the lact that the AARI analysis Is based on real voyage 

1 

September 4.9 4.9 4.9 

April 1 5.3 (5.8) 5.8 (6.2) 12.0 (17.8) 



data collected over the years. In real voyages, Ice navigation plays an extremely Important role. Heavy Ice 
is avoided to the extent possible. Polynyas, offshore leads, thin Ice stretches, or cracks are used to the 
extent possible. On the other hand, KMY's analysis results were conservative, and this Is consistent with 
the fact that conservative assumptions were made wlth regard to the Ice conditions, as requested by Amoco. 

A few comments can now be made on the advantages and limitations of these models. AARl's emplrl- 
cal-statistical model can use AARI's extensive navigational Ice database. Thls Is Its most important advan- 
taoe It was coinled out in the   rev lo us DaraoraDh that the model Includes the offect of Ice navioation. which 
l s ~ t s o  an advantage. A definite disadvantage of thls model Is the empirical nature of the dependencies of 
the calculated operating characteristics. The mechanics of ship motion in Ice are not modeled. Therefore, 
to get accurate predictions for new types of shlps, it is desirable to have tests In full scale cond~tions. Data 
from such full-scale tests can be used as Input Into the AARI model. Also, some difficulty for the Western 
user is the fact that the bases for the empirical correlations used in the model are not explained in the West- 
ern literature, making it difficult to judge the validity of results produced for new types of ships or new traffic 
situation wlth independently operating tankers or where the relative size of icebreakers compared to the 
assisted tanker is completely different from that in the statistics. The first description of the correlations and 
dependencies of the model will appear this year In a INSROP Working Paper 1.5.5: Planning and Risk 
Assessment (4.51. 

KMY's model includes the mechanics of ship Ice interaction adequately, and consequently Is better able to 
model effects such as the size effect 01 a large tanker on ramming performance. A large Icebreaking tanker 
such as thls does not exist today. At the time these analyses were done, there was not even a fully devel- . 
oped concept design. KMY's model Is such that It can be used to perform sensitivity analyses to design 
changes, changes In dimensions or other key parameters, etc. For thls type of application. It Is most Impor- 
tant that the Ice conditions are described In detail to such an extent that the performance of the proposed 
design can be evaluated also in other ice conditions than level Ice. The use of equivalent ice thickness to 
describe ridges, etc., could lead to wrong conclusions when estimating the Influence, for Instance, of ream- 
ers or similar features. During the concept design stage, simulations carrled out using thls model wlth laser 
profiler-based ice data helped us to make a decision on the required power for Independent navigation. 
Such a model is extremely useful. Thls Is why there are a number of such models in the Western world with 
similar, but not necessarily equal, capabilities. Various aspects of these models, such as the modeling of 
the level Ice resistance and the ridge resistance, have been verified to various degrees by full-scale mea- 
surements. In consultation with Amoco. conservative assumptions were made by KMY with regard to the 
ice conditions to be used In the analyses. Thus. the results generated were conservative, as Is appropriate 
in a very preliminary study. 

AARI analyses showed the effect of Ice pressure. With one ball pressure, small-to-moderate Increases In 
round-trip times can be expected In mild-to-average years, and large Increases In round-trip transit times in 
the work months can be expected in the severe years. A probabilistic analysis of how round-trip times will 
be affected by Ice pressure has not yet been done. 

To avoid possible misunderstanding on the use of the above numbers In the Yamal project, the following 
should be noted. Subseouent to the Initial tralficabllltv studies mentioned above. conceotual designs were 
developed for a 120.000 DWT Icebreaking crude oil tanker and a 110,000cubic meter i&break ingL~~ car- 
rier. Both these shlps have significantly better Ice-going capabllltles than the 120,000 DWT tanker used In 
the initial trafficabllitv studies. Round-trio times corres~ondlno to the conceot desions that have been devel- . " . - 
oped are lower than that In any of the tables above. 

In the course of Amoco's study program, three Arctic tanker trafflcabillty studies have been carried out on 
40,000 DWT Ic-breaking tankers transiting from Cape Kamenny to Murmansk area. These studies were 
carried out by KMY, CNIIMF, and AARI. Some results for 40,000 DWT tankers from one of these studies 
are reported in (61. All of the studies showed that it Is feasible to operate tankers from Cape Kamenny to 
Murmansk. But a number of Issues remained to be examined further In future stages of the project. 



POSSIBLE FUTURE STEPS 
Weconsider it desirable to go a little deeper Into the co.~;>arison between the two models, for a belief under- 
standing of the differences in approach and the consequences on predicted results This may help us make 
better predictions using ice data existing in Russia. One approach that we could take is to make a rigorous 
comparison for one test case. This could be done by calculating transit times for a voyage along a route 
for which we have good, quantitative Ice data, such as the laser profiler data. Russian model@) would do 
the calculation using the archived ice data available In Russia, not using the laser profiler data, since the 
detailed quantitative ice data obtainable from laser profiler is not needed to use the empirical-statistical 
models. Western rnodoi(s) would do the same transit calculation using the ice ridge profiles obtained using 
the laser profiler, since these models do require such detaiied Ice data. These calculations could be Gone 
for an existing ship, such as the Arktika class icebreaker, and a new type of ship, such as a large ice-break- 
ing tanker. Then, a comparison of the predicted results could be done Conclusions drawn from such a 
comparison would help us make better predictions tor new types of ships using existing ice data. 

Another future step that Arnoco is actively considering is to devniop a total transportation system simulation 
model. Other companies are also pursuing this objective. Such a model will be capable of making Monte 
Carlo type simulations of the behavior of tho transportation system over the life of a project. Such a mode! 
will have multiple components, including the ice and openwater voyages, multiple tankers, modeling of  ioad- 
ing and unloading, impact on perforrnance of Icebreaker support, elc. The simulation model will need to 
be able to use the existing ice data. The model should. of course, be able to simulate the performance of 
new ship types. The model comparison work discussed above may provide useful insights on the proper 
usage 01 existing ice data in a total system simulation tool. 

CONCLUSION 
A number of Arctic tanker trafficability studies have been carried out for Amoco, using both Western-type 
models and Russian institute models. 

A comparison of results for one case is given in this paper. In order to discuss the issues. A step to move 
forward in this technology area is proposed. 
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ABSTRACT 
Three multi-legged offshore oilplalforrns in Cook Inlet wore Instrumented from 1966 to 1976. The 
results oflhis effort haveproduceda long-term ice data set spanning a period of fen years. A brief 
summary of the peak Ice load dafa recorded from these platforms Is provided, along with probabl- 
tstic estin~afions of extreme ice loads based on this data set. A drterminislfc analysis of extreme 
;ce load on Cook Inlet plal!nrms is also presented. The analysis considers l l ~ e  Ice properties. leg 
diameter and spacing, and Ice n~ovenlent velocity Results of tho probiibilistic and detormin!sfIc 
analyses for extreme loads are compared with oridnal design loads. 

INTRODUCTION 
Multi-legged structures have boon used successfully in Cook Inlet for 30 years In Cook Inlet, there is over 
400 platform years of experience without a major fallure. Despite our long operating history In the area, 
there is very little published Information on ihe Ice loads on these structures. In a widely read landmark 
paper by Blenkarn (1970) written a quarter century ago, some Ice force measurements made in Cook Inlet 
before 1970 w ~ r e  presented, along with correlatlons and interpretations. To our knowledge, there has not 
been any additional full scale data from Cook Inlet published in the past 25 years A few recent publications 
have discussed this subject (Utt and Turner (1992), Visser (1992. 1993. 1995) and newly revised API rec- 
ommended practice on Ice design criteria, RPZN. These recent publications speculate that design Ice loads 
used for some early plailorms could be too low, based on latest calculations. The purpose of this paper is 
to shed some new light on this issue by reporting a summary of additional full scale data and analyses. 

DESCRIPTION OF ICE FORCE DATA 
Strain (convertible to total Ice load) and acceleration data from three Cook Inlet platforms were recorded on 
strip charts during several ice seasons between the years 1965 and 1976. The three platforms were Anna, 
Bruce and Dilion, all Installed in 1966. Their location in Cook Inlet is shown In Figure 1. Figure 2 gives the 
main dimensions and leg spacings of the platforms. A review and analysis of the extensive data collected 
from the three platfu:ms is reported In Knapp and Bhat (1989). 

Most of the available data was recorded on strip charts at a slow chart speed of 6 Inhr. On the average, 
720 ft of strain charts and an equal length of acceleration charts were obtained for each platform each sea- 
son. A short sample of strain data is shown In Figure 3. Since the fundamental natural frequencies of the 
platfornis are around 1 Hertz, much higher chart speeds are needed to get Information on platform dynarn- 
Ics. The resolution Is such that spectral analysis techniques of random slanal analysis cannot be used to 
analyze the data. Therefore, Ice failure pressures could not be derived from the force magnitudes. How- 
ever. Information on peak loads end eccalerallons can be extracted. Data quality was judged to be good, 
based on visual examination of the charts for trends, reversals etc.. end an examination of the correlation 
between strain and accelerallon. An example of correlation observed In the data Is shown In Figure 4. (A 
similar examination of data collected from olatform Baker over manv vears showed the data to be ot unac- 
ceptable quality. Thls Is probably because platform Baker was iniialled In 1965. before Amoco's strain 
measurement instrumentation lechnlauos had su~ficle~llv evolved. as Indicated In Blenkarn f1970l>. Unfor- 
tunalely, the data were recorded by field personnel, andno accompanying ice observations were'rnade. 



Figure 1. Location map of Cook Inlet platforms (from Wsser. 19921. 

85' along Inlet 
(70' transverse to Inlet) 

Figure 2 A typical Cook Inlet platform (Anna). 



Figure 3. Sample of strain gauge data. 
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January 13 = 12:00 (Appro~.) 
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Flour* 4. Comtatlon b*tw*Ã§ Ice fore* and plttlonn accÃ§lÃ§ftlo 



DATA ANALYSES 
In Cook Inlet, ice moves in and out of the Inlet with tidal currents. There are two tide cycles (two ebbs and 
two floods) in a day. Lists of the maxlmum force for each tide cycle were generated from the strip charts. 
The daily maximum ice loads were then tabulated from these lists, and plottod on lognormal probability 
paper for each of the years for which data was available Thero was some year to year variation in ice 
forces. as expected. It was also observed tnat tho variation from year to year was gener.'iliy consistent w:th 
the vari3t.on in tho 30dav acc~mula!:ons of freezini dcoroo davs. as antic:oated In Blankarn fl9701. Gen- - ,  , , 
erally, there were more peaks with highor ice loadsn years with more severe winters. However, because 
of the random nature of ice loads, a good correlation between maximum yearly values of 30-day accumu- 
lations of freezing degree days and the recorded annual maximum force was not obtained. 

Figure 5 and 6 show all of the daily maximum ice load data for platform Anna and Dillon, for all years lor 
which data was collected, displayed on lognormal probability plots. Data from platform Bruce also shows a 
similar trend, with force values close to (and somewhat less than) those lor Platform Anna. 

% Probability 
Figure 5. Dally maxlmum Ice forces recorded from Platform Anna, 10651976 (plotted on 

lognormal chart). 

Figure 7 shows the log normal probability density functions for daily maximum forces for the three plalforms, 
based on the straight line fits to all available data from these plalforms. as In Figures 5 and 6. Tho dlslribu- 
lions are remarkably cof~sistent. Some variability is oxpectod in any real full scale data set of natural forces, 
such as these. Figure 8 shows calculated probability functions forannual maximum Ice loads on the three 
~latforms. The eauation used for this calculation Is divan In Aooendix 1. The calculaled orobabilitv densltv , - 
functions of annual maxlmum forces for the three Gatforms are similar. The mean values are in oeneral 
agreement with the mean values of annual peak forces In the measured data. The standard deviations are 
different, reflecting the fact that the amount of data that was available was not the same. The plalform 
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Force on Platform (Klps) 

Flgun 7. Probability demlQ functions for dally maximum forces on three Cook Inlet plaWoema 

Force on Platform (Klps) 

Flgun 0. Probability dmnmlly functions for annual maximum Ie* load*. 



manner at tower loads. Sufficient amount of data Is given In Blenkarn (1 970) to confirm this statement, and 
no contrary data Is known to the authors. Consequently, we will assume that the Ice Is warm (-3% surface 
temperature) and that It has a peak strength characteristic of ductile to brittle transition. 

The temperature profile Is given by 

where TM̂ , Is -3%. j Is an Index varying from 1 to 10, and TI Is the layer temperature. T- Is the bot- 
tom surface temperature, taken to be -1 BnC. The mean temperature turns out to be -2.4%. 

Given the temperature of each layer, the brine volume profile Is now calculated using the equations given 
by Cox and Weeks (1983). 

Pure Ice density as a function of temperature Is given by (metric tons/cubic meter): 

The estimated bulk density Is p̂ ug, - 0.89 tonnes/m3. 

Average Ice salinity (parts per thousand, ppt) of sea Ice as a function of Ice thickness for h Ã§ 0.4 m IS given 
by 

For Ice thickness less than 0.4 m. a different equation should be used (see Cox and Weeks. 1974). 

Equation 3 gives an average salinity of 6.8 ppt for a sheet Ice thickness of 0.65 m. According to Blenkam 
(19701, the average salinity of Cook Inlet Ice Is 4 to 6 ppt. Therefore, we assume an average salinity of 
6 ppt. 

The total porosity of each layer can now be calculated as 

where 

Total porosity varies from 0.12 to 0.173 lor the various layers. 

The strain rate corresponds to ductile to brittle transition, lO^ (11s). The strength profile can nowbe com- 
puted as follows; 



with e -10 (1 /s )  . The resulting strength prolile Is given In Figure 9. The mean Ice strength Is calcu- 
lated to be 2.224 M P ~ .  Having det6rmlned tho mean l ie strength. the Ice load on a single Isolated leg Is 
calculated applying the methodology similar to that given In Tlmco (1986). 

The leg diameter of a typical Cook Inlet structure Is 4.27 m. Thls results In an aspect ratlo (dlametorfice 
thickness) of 6.6. Indentation coefficient can be com~uted accordlna to Afanasev (19731 for asoect ratios 
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greater than 1, using the following expression (~lmco; 1986): 
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The Indentatlon coefficient Is comes out to be 1.327. Now, the total force on one leg Is calculated by the 
Korzhavln equatlon: 

O(MPa) 
Strength 

Figure 9. Strength proflle of an tee sheet 

where m, the shape coefliclenl. Is 0.9 for circular shape of the leg cross-section, and k, the contact factor Is 
0.5 for the poor contact associated with rapidly moving Cook Inlet Ice. awn - 2.224 MPa, as calculated 
from equatlon (5). 

The product mkl has a value of 0.697. API RP 2N, based on Blenkarn (1970) recommends a lower value 
of 0.55 for Cook Inlet Ice. I f  we use an Indentatlon ratio of 1 .2 as applicable lor granular Ice, the product 
comes out to be 0.54. We will use the more conseruatlve value 010.597 as computed above. 

From equation (7). the total fofce per leg Is calculated to be 3.7 MN. Thls results In an effective pressure 
on a single leg of FihD - 1.3 MPa. This to In agreement with Blenkarn's (1970) measurements of the k 0  
loads on Cook Inlet platforms. Maximum measured Ice pressures were of the order of 1 MPa, considering 
both variations In tee thickness and temperature. For ÃˆlmHa condltlons (velocity, temperature, thickness, 



and aspect ratio), comparable results were found by Upsell and Gerard (1980) on Hondo River Bridge In 
Alberta. They recorded a maxlmum pressure of 1 MPa. 

Based on the results from model basin tests (Evers and Wessels, 1986) and field obsewallons (Blenkarn, 
1970), the maximum load on a four legged jacket platform Is twice the load on a single Isolated leg, regard- 
less of ice movement direction. This Is applicable to situations where the ratio of the leg spacing to leg dlam- 
eter Is about 5. as In the case for Cook Inlet structures (Tlmco, 1986 and Evers and Wessels, 1986). In 
addition, model tests have also clearly shown that the loads on Individual legs are not simultaneous. There- 
fore. the total load on a platform - Z'3.7 - 7.4 MN. 

The above calculations are for smooth undeformed Ice. However, In Cook Inlet we have to deal with rafted 
ice, ridges and stamukhas, and dynamic loading. Thls Issue Is discussed In Blenkarn (1970). The peak 
loads due to these effects can be as much as 1.5 to 3 times the level Ice loads. When the level Ice loads 
are high. the ratio tends to be low and vice versa. The current deslgn practlce. Initiated by Blenkam (1970) 
Is to increase the maximum level ice load by a factor of 2 to account for these Ice features and dynamic 
loading. This is lustifiable from a variety of considerations, such as the conslderalion of rafted Ice thickness 
(a maximum thlckness of twice the maximum level ice thlckness) or ridge consolldatlon (a maximum con- 
solidated depth of twice the maximum level tee thickness). If we use 2. then the deslgn tee load for the struc- 
ture becomes 2'7.4 - 14.8 MN - 3300 kips. Thls is close to the'100 year" value reportedearlier In thls paper 
(14.2 MN or 3200 kips), based on analysis of measured data. 

There are two major differences between the above determlnlstlc analysis and those In current practlce for 
Cook Inlet platforms, as In Visser (1992). These ara: (1) the temperature of the Ice to be used for the 
extreme ice load calculation and (2) lheassumad ratioof the total toad on lhe platform to lhe loadon a single 
leg. There Is sufficient evidence In Blenkarn (1970) to Indicate lhat the maxlmum loads on Cook Inlet plat- 
forms occur when the Ice Is warm. With regard to the multlple to be used lor the total load on the platform, 
we used the available Inlormallon whlch comes from the ice model tests reported In the literature (Evers 
and Wessels, t986), deviating lrom a value of 2.83 assumad by Blenkarn In 1965. 

COMPARISON OF CALCULATED DESIGN LEVEL ICE LOADS 
The two extreme load values, one calculated delermlnistically from physical properties of Ice end the sec- 
ond (100 year load) computed using a probablllstlc analysls of the full scale data from platforms, are In 
agreement wlth each other. Both these extreme loads are much less than the orlglnal deslgn Ice loads for 
the structures. The three platforms were designed tor an k o  toad of 21.2 MM (4760 Mps), whlch is about 
40% higher than the estimates given In thls paper. 

The maxlmum meisured Ice load during the approxlmately 10-year period of monltorlng was 7.5 MN 
(1680 kips). 

GENERAL COMMENTS AND OTHER DESIGN CONSIDERATIONS 
The measured data and analysis suggest that design tee loads could even be lowered from the values 
assumed in the orlglnal designs for these platforms. Other Cook Inlet platforms were designed wlth even 
higher Ice loads, as noted by Visser (1992) and Utt end Turner (1992). 

Structure design requires an examination of various possible failure modes. Includlng that due to extreme 
load, fatlgue. corrosion, and appropriate comblnallons of these factors. Early designers of Cook Inlet plat- 
forms did not have adequate data to set fatlgue deslgn criteria, and the designs were based on extreme 
loads. assuming that such designs would also be satisfactory tor fatigue. New data reported In this paper 
can be used to lower the extreme deslgn loads, but care must be taken to ensure that the designs have 
adequate latigua stten~th. This Is axapllned further In the paragraphs below. 



During the examination of the data strip charts, it became obvious that conditions necessary for deslgn crk 
teria to be based on a rare extreme occurrence are not oresent in the loadino from Cook Inlet Ice. To under- 
stand why, ona must understand what a rare event criteria means, and how It Is applied when designing. 
The concept of 100 year criteria has its basis In hydrology. Its prima? purpose was to calculate runoff to 
size flood channels, bridge openings, retention dams, etc. It worked only because of the very largo differ- 
ence in a runoff volume from an annual rainfall as compared to a 20 or 100 year occurrence. The 100 year 
concent was also a ~ ~ i i e d  to the deslon of tall bulldlnas for wind and to Gulf of Mexico wtroleum producing 
platfo&s for wind and waves. It worked reasonably well as hurricane affects a Gulf site approximately onca 
In 15 years. The difference In magnitude between hurricane winds or waves and normal extra tropical storm 
'wind or waves. is larae and. besides. the force Is dominated bv tho draa term (orowrtional to the sauare of 
wind and wave magnitudes). Thus, the condition for a very large difference between an annual force event 
'and a rare extreme event Is fulfilled. 

Extreme occurrence criteria did not work well for the North Sea. Here. extremes are generated by the same 
type of storm and the difference between annual and 50 or 100 year extremes was not as great as in the 
Gulf of Mexico (although the drag domination of force tends to amplify the differences). Early designers that 
used the extremes for design found that In a short time, metal fatigue problems developed. Evaluating the 
deslnn structure for metal fatigue from forecast load cycle histograms solved this difficulty, as it showed the 
need to increase the memberstrengths In certain areas. 

The above discussion Is Included here only lo point out the need to take a broader view of design, Including 
extreme events and fatlgue. The extreme Ice loads in Cook Inlet are well within the original design loads 
for the three platforms. With regard to fatigue. it is reported In Visser (1993) that the platforms show no 
evidence of fatigue cracking or other significant underwater damage, even after serving through the original 
design life. 

CONCLUSION 
This paper provides a brief summary of full scale ice load data collected from three muiti-legged platforms 
In Cook Inlet during ten years between 1966 and 1976. A summary of the peak Ice load data recorded 
from these platforms is provided, along with probabllislic estimations of extreme Ice loads based on this data 
set. A deterministic analysis of extreme ice load on Cook Inlet platforms Is also presented. The analysis 
considers the Ice properties, leg diameter and spacing, and ice movement velocity. 

Results of the probabilistic and deterministic analyses for extreme loads are compared with original design 
loads. 
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APPENDIX A 
Let X be a random variable denoting the dally maximum Ice force In a winter season, with x being one of 
the realizations of this random variable. Consider a sample consisting of n values of x. Let Z denote the 
largest of n values (n day maximum). Than Z will also be a random variable, and It can be shown that the 
probability density function of Z will be 

where f, and F, denote the pdf and cdÃ of X. In the present case. these are loonormal. and derived Iron) 
the data tar daily maximum Ice ioroes. The probability dorntty (unction lor yearly maximum Ice force can 
be computed from equation (At) using n - 60 days, sinca there are about 80 days d significant Ice loading 
In a normal year. 
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ABSTRACT 

The paper gives some background information on the philosophy 
behind the DAT (Double Acting Tanker) concept and describes the 
development work done by the Arctic Research and Development group of 
Kvaerner Masa-Yards in Helsinki, Finland. The DAT concept combines the 
historical development of the icebreakers with bow propellers and modern 
technology with propulsion systems. With new concept it is possible to solve 
the problem that arises when a cargo vessel must be able to proceed through 
heavy ice conditions and still be able to operate safely and efficiently on a 
relative long open water voyage. 

The basic philosophy has been known for almost as long as there has 
been engine powered traffic in ice bound waters. But it was only the 
development of new azimuthing propulsion systems that made it possible to 
take full advantage of the fact that best icebreaking performance is achieved 
with 100 % power at the bow. 

The DAT concept was first tested in full scale with two smaller 
icebreaking vessels and with a 16.000 tdw icebreaking tanker. The 
experiences with these vessels are described in the paper with some results 
from the full scale ice trials. Based on these experiences a DAT was 
developed for the Pechora Sea conditions in the Russian Arctic. The paper 
describes the general requirements that were set for the tanker and gives 
also some results of the ice model testing done with alternative solutions in 
Masa-Yards Arctic Research Centre (MARC). 

The DAT concept that was developed for the Pechora Sea is a 
potential alternative to be used within many of the oil and gas projects in that 
area. It also gives possibilities to utilize the marine transportation solution 
even in more severe conditions further East. 



1. HISTORICAL BACKGROUND 

The idea of using bow propellers on icebreakers is very old, the first 
"American type" icebreakers were built as early as 1880's. The idea was 
based on the experience of captains operating in icebound waters, who had 
learned that in some cases it was easier to proceed through difficult ice 
conditions running their vessel astern. This experience has been verified by 
several captains since those days. The problems were how to steer the ship 
when operating in that mode, low efficiency of the bow propellers and of 
course in the Arctic how to protect your propellers against damage. The 
solution used was to devide the propulsion power partly to the stern and 
partly to the bow. This concept was very popular in icebreakers designed for 
the Baltic and for the Great Lakes. When the modern development of ice 
breaking ships was started in the late 60's and early 70's with model testing in 
ice. the model tests were utilized to optimize the power distribution between 
the bow and the stern and also to find the form and location for the bow . - - 

propeller bossings (fig. 1). 

Figure 1.18 Urtm 

Since there was a great need for icebreakers operating in the Arctic 
areas, where the bow propellers were not accepted due to the risk of their 
damage, a number of alternative ways to improve the performance of 
icebreakers were developed. As a result of this development these new 
solutions (airbubbling system, low friction coating, new hull forms etc.) were 
adopted also in the modern Baltic icebreakers and, although not all the 
icebreaker captains do agree, their performance could be improved. 

2. FIRST APPLICATIONS AND THEIR OPERATIONAL EXPERIENCE 

The development of the so called Azipod drive was started to take full 
advantage of the diesel electric power transmission widely used on 
icebreakers and also to improve the manoeuvring characteristics of 
icebreakers without bow propellers. Already with first installation onboard 
buoy tender Seili (fig. 2) it was clearly shown that the vessel could perform in 
astern mode better in heavy ice conditions than her sistership operating 
ahead and even though her sistership utilized the extra thrust created by the 
nozzle. The experience with Seili also showed, that the vessel could easily be 
steered when operating astern in ice. 



2.1. MV Seili 

The vessel before modification had the ice breaking capability of c. 45 
cm of level ice when running forward with a power of 1.6 MW. Because of the 
rudder arrangement the vessel was not able to brake any ice backwards. 
After the controllable pitch propeller and the rudder was replaced with an 1.5 
MW Azipod unit, the performance was enhanced in every respect: 

Ice breaking level Ice ahead from 45 cm -> 55 cm. due to better efficiency . Ice breaking level ice astern from 0 cm -> 60 cm, 
Crossing old channels no problems 

The arrangement of MV Seili is in figure 3. 

fit 

LÃ§W 427 m Draught 3 8 m  
Bieadlh 122m Powfi 1 S M W  

MT Uikku 

Figure 3. MV Sell! 

The second vessel to get an Azipod was MT Uikku, a 16000 DWT ice 
breaking tanker, figure 4, owned by NEMARC (Neste and Kvasrner Masa- 
Yards) and operated by ARCTIC SHIPPING SERVICES, Murmansk in the 
Northern Sea Route. The vessel was originally designed by Wartsila (now 
Kvaerner Masa-Yards) and built in Germany for Neste Shipping. Today the 
vessel is operated in the winter primarily in the Baltic and during the summer 
season in the Northern Sea Route. Occasionally the vessel is also operating 
in the Arctic during the winter months. This vessel due to the conversion did 
get before all better maneuvering behaviour. Also ice breaking performance 
especially when running astern was improved. The ice resistance in level ice 
in astern mode was 40 % of that when running ahead, figure 5. 



Figure 6, MT Ulkku. level Ice 

The third vessel, IB Rothelstein, a river icebreaker (Danube river) was 
delivered from Kvserner Masa-Yards Helsinki New Shipyard in April 1995, is 
designed to utilize Azipod propulsion in full. The vessel is designed to break 
level ice of 70 cm in thickness when running ahead and to break apartlloose 
2.5 m thick ice jams. Figure 6 illustrates IB Rothelstein penetrating a ridge 
(running astern) deeper than the draught of the vessel. The vessel is in 
operation in figure 7. 

1 figure I, B ROthelsteIn 
lucking through a ridge. 



Based on these results a comparison was made with the last vessel 
series with bow propellers, the Urho-Class (Urho, Atle Frey, Sisu and Ymer). 
In the design of these vessels the experience from the previous vessels as 
well as model tests was utilized. Special consideration was paid to the shape 
of the forward bosslngs. The vessel also was equipped with two rudders. All 
this gave the vessel excellent icebreaking and manoevring capability. The 
effectiveness of bow propellers was tested in several occasions. In the 
comparison the third vessel is IB Otso, which is one of the latest stages of 
vessels having two propellers and two rudders in the stem. Figure 8 shows 
the speed in 0.8 m thick level ice with different propulsion arrangements: 

IB Olso, no bow propellers 
I6 Urho. 40 % of the power at Me bow . Azipod Icebreaker, 100 % power al the end of the vessel going first 

The results show the superiority of the Azipod vessel by 1.5 m/s ( 3kn ) 
to the Olso-class and 2.5 mis ( 5 kn ) to the Urho-class. 

The fact that icebreakers have been usually able to proceed in level 
ice sometimes backwards as well as forwards and even better is well known 
fact. Also vessels with two enough powerful (>50 % of total power) bow 
propellers have shown advantage in ice breaking capability. However in 
today's requirement for economics there is very little justification not to use 
the most compact and centralized solutions. 



Typical ice breaking vessel today has an ice breaking bow and all the 
propellers are in the stern. 

The new vessel concepts offer unique solutions based on existing 
ideas. 

3. DEVELOPMENT OF THE NEW CONCEPT 

3.1. Operation philosophy 

The mission for instance could be to transport oil and gas condensate 
from the Pechora Sea area to Murmansk and on to Rotterdam. The possible 
operation route variants are in figure 9. Of these routes most of the distance 
can be travelled in open water year-round. 

SEA 
Figure 8, Route map. 

- 
On this leg the vessel is sailing bow first utilizing the good open water 

characteristics. In light ice conditions the vessel can still proceed in bow first 
mode and depending on the actual traffic and ice condition it can change the 
running mode to stern first operation. During the wintertime in the Pechora 
Sea the vessel is operating mostly stern first. 

The stern first operation is most effective in the most severe 
conditions. The vessel in question having the main characteristics shown 
below is able to proceed through, for example, a 12 m thick ridge without 
ramming with close to double speed and the dependency on icebreaker 
assistance is reduced. 

Length = 235 m Breadth 
Draught = 13 m Power 
No of propellers = 1 Deadweight 

= 38 m 
= 16 MW 
= 90000 tonnes 

An example of the hull forms tested ( two propellers) is in figure 10 




















































































































































































































































































































































































