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LADIESANDGENTLEMEN1 DEAR PARTICIPANTS1

The 13th conference on ‘PORT AND OCEAN ENGINEFRING UNDER ARCTIC
CONDITIONS' is being held in Murmansk from august 1510 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 difficult
conditionsin thig country now, we are able to continue the history of POAC and held this
conferencein Murmansk.

The Russian has high achievemints in the Arctic engineering activities. This is
reflected also by the papers and key-note-lectures at thisconference.

Most of the papers presented at POAC-95 are printed in Vol.l and 2 of the
proceedings available at the conference. 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 activesin the Arctic engineering.

Theorganisation of this POAC - conference was possibleonly through the financial
support of co-sponcors 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; Thyssen Nordseewerke GmbH, Emden, Germany; and
Canadian MarineDrilling Lad.
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It isan 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
theworld specialists to the problemsof Russian Arctic Development.

We wish to thank al the keynote lecturers and al the authors of papers for their
important scientific contribution as well as al participants for their interest in the

conferenceand their contribution. Wesincerely hope will have a successful conference.

Capt. V.Mikhailichenko
President of POAC-95

and President d National Committee



TO PARTICIPANTSOF THE 13-TH INTERNATIONAL CONFERENCEON PORT
AND OCEAN ENGINEERING IN THE ARCTICCONDITIONS (POAC-95)

Today weopen the 13-th International conference on port and ocean engineeringin
the Arctic conditions (POAC - 95).

For the first time the conference is being held in Russia end 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 vessdlsare named in honour of those people.

Among these names there is a good deal of the names of Murmansk Shipping,
Company workers. And it iseasy to understand becausefor 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 alt the
year round transportation In the south-west part of Kara Sea (to the port of Dudinka).

In principle al-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
vessdls under the ice-breakers steering, specificaly, by the passage of the motor-vessel
“KANDALAKSHA" in early spring period of 1993 (in April, May) under the pilotage of
theatomic ice-bresker "RUSSIA".

It is quite naturally that the setting in period of the USSR partition with the
following economic reformsin Russia had told on the vital activity of the Arctic fleet. First
of al it had an influence on the traffic volume: it was reduced from 6.7 millions of tonsin
1987 to 28 millions of tons In 1994. It wasthe 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. i.e.: reducing of military and political confrontation has
become the basis of our private meetings with the foreign colleagues. |s doesn't mean that
wejust meet and exchange opinions on different current processes but we take part in the
development of the joint projects, such &, for Instance, “INSROP” . the
internationatization 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 International expedition on board. In the area of Novosibirsk islands the
German ice - breaker "POLAR STERN" has been working in accordance with the
ecological programme with the International 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" Confuience organised by Murmansk Shipping Company is one of
thelinksof International Co-operation in the Arctic.

At present our neighbours have intensified their activity in explorations of Hie
Russian Arctic but they cannot properly stale the value of the prospects. It is of great
economic importance while development to commercial level of the production capacity of
the Arctic mineral 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
analysisis being transferred, and quite often just the same principle is being observed, i.c.
selling of raw material and not the product itself, the priority 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 perfectly 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
speciaists. Much of atteation should Be paid to the questions 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 environmentalprotection.

N.l.Matushenko
Presidentof

Murmansk Shipping Company



Om umenu Iocydapcmeennoii  Jymot dedepanvnozo Cobpanus
Poccuiickoii Dedepanuu npugemcmeyio yuacmnuxoe u 2ocmedi Tpunaduamoii
Mexncoynapodnoii Kongepennuu no nopmosoli u Mopcxoli mexnoiozuu 6
apxmuyeckux ycarosuax (POAC"95).

Bnepavie  Poccuiickan  Dedepanua  cmaira mecmom  nposedenus
Kongepenuyun POAC. Boibop zopoda-zepos Mypmancka 6 xauecmae mecma
nposedenun Konghepenyuu ceudemeascmeyiom o enumanuu, Komopoe mupogoe
coobecmeo ydennerh npobaeman oceoenus apkmuueckozo bacceiina Poccuu,
Mecmopoxedenuil  y21¢6000poONozo cbipyR  wensdha apKmuueckux mopeii.
Bedymee mecmno na Konepennyun 3anumaem npobnema mpancnopma ¢
Aprmuxe, cmpamezun co30anua 106020 NOKONENUR Cy008 16406020 niasanun
4 1e00KO0108, NEPCREKMUGHLIX Memo0008 i CUCIMEM MORUMOPUN2A Ned06bIX
yenosuii, a maxyce GONPOCHI  NPOEKINUPOSANUA U CINPOUMEN6CIEA
Ccoopydcenuii na apxmuecKom weasde 8 yc106unx eexnoi mepiromoi.

Xeaaro ynacmunuxan Kongepennuu ycnexos e pabGome, daasueliweil
xoncoaudanuu ycuuil ¢ dere ocsoenus Apxmuxu, 6oaswozo aunnozo

CHACHIBA,

Javecrnumens Ilpedcedamern
Tocydapcmeennoii Jlyym Pd Z w;

Aa2ycm, 1995 200



On behalf of the State Duma of the Federal Assembly of the Russian Federation |
welcome the participants and guests of the 13th International POAC-925 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
world 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
ships and icebreakers, perspective methods and systems for monitoring ice conditions, as
well as designing and constructing off-shore structures on the Arctic shelf under
conditions of permafrost are key questions at the conference.

| wish to the participants of the Conference every successin their work, to
further join their efforts in the Arctic exploration and personal happiness.

Deputy Chairman of
the State Duma of theRF A.N. Chilingarov

August, 1995



W,
g

MMIDICTERPCTBO
MHOCTPAHHBIX JEJI
POCCHMICKON ®EJEPALIMM

121200, r. Mocxsa I'-200,
Ceanas

. now 32/34
Tenegon 244-16.06

Pt The . B3, e e

p
Ha or. g§
CE

YBakaems#t Bnapumup Bnapwmupouu,

flonsHatenen 3a npurnaweHne NPUHATL yyacTue B OTKPLTMM  13-R
MexnyHapopHoi  Kovoepenuuu “llo NOPTOBOA W MODCKOW TEXHONOruW B
apkTuueckux ycnouax” (POAC-95),

floosenenwe B Poccuw TaKOro aBTODUTETHOrD HAYYHOr0 GOPYMa Kak
Rama  koHbepeHuws OacT Cepbe3Huid wMNynLC patote N0 OCBOEHWID
8PKTWYECKUX PaENOHOB B UENAX NPONYKTUBHOIO 3KOHOMUYECKOTO DPa3BuTuA
Cerepa Poccun,  YKPENNEHWO  MEKNYHAPOAHBIX  KOHTAKTOB yueHbiX ,
ODFaHU3aUMA W NeNOBLIX KPYTOB, 3awtTEDPECOBAHHMX B NNONOTBOPHOM
COTPYAHNUECTBE B APKTUYECKOM DErvoHe.

Kenaw y4acTHUKaM KOHGEPEHUWM yCNewHoW paBoTw, HOBHIX YCNEXOB B
MX NPBKTUYECKOR WM HAYUHOR AEATENLHOCTY.

M Lo (pf

A.KO3LIPEB



President of POAC -95

and President of National Committee.

Head of Administration of Northern Sea Route
V.V.Mikhailichenko

Dear Viadimir Viadimirovich,

I grateful for Your invitation to take part in the opening procedure of the 13th
International Conferenceon Port and Ocean Engineering under Arctic Condition (POAC-
95).

The fact, that such en authoritative scientific congress lakes place in Russia, gives a
considerable impulse for mote effective economical development of the Northern Regions
of Russia and strengthening of international contacts of scientists, institutions, and
businessmen that areinterested in morefruitful cooperation.

| wish all the participants successful work, new achievements in they practical and

scientific activity.

Minister of Foreign Affairs
of Russinn Federation A.Koziyrev
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TECHNICAL AND ECONOMICAL EVALUATION
OFTHE"NORTHERN SEA ROUTE"

Dr. Joachim Schwarz Hamburg Ship Model Basin Germany
(1ISVA)

1 INTRODUCTION

The political changesin 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, especialy, however, from Norway, Japan and from Russia Two years
ago these countries have established the INSROP (International Northern Sea Route Project)
organisation, which concentrateson research and development in connection with this seaway.
Germany has established bilateral links to Russia on the topic of developing marine
transportationin northern Russia. The German Ministry for Transport hasordered the Hamburg
Ship Model Basin (HSVA) to prepareastudy on the economical and technical feasibility of the
Northern Sea Route, which isthe basisfor this paper.

Both, INSROP representativesand HSVA have presented results of their studies earlier thisyear
in Brusselsto the European Union (EU). 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
devotinga major part of hisspeech in June'95 in Bremen in connection with the Annual Meeting
of the European Maritime Industries Forum (MIF) on this topic. Besides selecting the NSR as
one of three tasksfor future sea transport developments (besides short sea shipping and safety of
passenger vessels) hesaid:

"Recently discussionson a new international shipping corridor around the North coast of
Scandinaviaand Russia have keen started and this "Northern Sea Route'* could clearly be
devel opedinthe mediumor long term.

The Northern Sea Route qoffers two manifest opportunities for transport= transit from Europe
to Asaand access to the North of Russa.

Asfar asthefirstisconcerned the Northern Sea Routei sthe shortest distance between Europe
and particular regionsin Asia. The distance from Bremento Yokohamawould 0 instance, be

12



reduced by 40% #f the Northern Sea Route was used.

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

development d the Northern Russian coastline could naturally be d great interest to the EU.

If the rich resourcesd Siberia are to be shipped out by sea, loading terminals and icebreaking

tankerswill be needed.

Developmentd the Northern Sea Route ona commercial basis wil plainly require considerable

investmentsin:

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

- research into ship-building technology, especially she sophisticated ice-breaking
equipmentneeded to assure yearround navigabilily d the route.

Such investments are no doubt technicallyfeasible. Rut they raise a number d questions, in

areas as diverse as fransporf, energy, industry, environmentaiid research.

The [Zuropean maritime industries have already achieveda high level ¢ 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 d its multi-sectoral

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

Northern Sea Route and the commercial risks involved.”

2. ENVIRONMENTAL CONDITIONS ON THENORTHERN SEA ROUTE

21 Geographical sifuation

The Northern Sea Route (NSR) forms part of the North-West passage between the Atlanticand
Pacific and extends from the island of 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
longand 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 (Figute 1) Since these waters largely lie off the Eurasiancontinental shelfthey are in parts
shallow, such as the Zannikov Strait and the Laptev Strait which are locally only 8 to 13 m deep.
This slightly restricts the routing choice, however the waters of the East Siberian Sea are on
average 58 m deep, those of the Laptev Sea 519 m and those of the Kara Sea 118 m

The northward-flowingriver system, and In particular the Ob, Yenisey and Lenarivers must be

consideredin conjunctionwith the Nothern Sea Route. Those rivers are navigableup to roughly

13



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 portsalong the Northern Seaway are Murmansk, Archangelsk, Novy Port, Dikson,
Khatanga, Nordvik, Tiksi, Pevek and Providenya. The portsof Dudinkaand Igarka are those on
the Y enisey which can bz reached by sea-going ships.

2.2 Ice conditions

The shipping conditionsalong the Northern Sea Route are much more influenced by atmospheric
processes than seas of modcratetatitudes This isdue not only to the low air temperatures which
cause iceformation, but also to the air and sea currents which deform, drift, compact and pile-up
the ice into ridges and hammocks which are difficult for ships to break through. These
meteorological conditionsalter 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 efficient 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 biennia ice loses most of its weakening brine during the
summer thaw and then freezesinto 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
baysremainimmobilefor the wholewinteq( see Figure 1). Further out to sea the newly frozenice
in various forms and development stages is aimost constantly in motion due to tidal and sea
currents. The freezelasts until the end of May. We, therefore, find the greatest thickness of level
ice (roughly 2.5 m) in the Laptev Seain May. For natural reasons the thicknessdiffersover the
length of the Northern Sea Route (see Table 1). Where there is considerableice movement this
level iceis 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
hummocksconsist of ice floeswhich are only consolidated in their upper part, 2-3 m below the

14
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water surface The majority of compacted ice occurs in the vicinity of obstaclessuch asidands,
and dsoat theedge of largeicefidds. This makesthe variousstraights (Kara, Vilkitsky, Laptev)
very difficult for shipsto pass.

Region Ice thick?&sﬁlin winter

Barents Sea 50-100 in the south
120-150 in the north

Kara Sea, West 120-200

KaraSea, East 120-200 i

Laptev Sea 200-250

East Siberian Sea 170-200

Chukchi Sea 130-180

Table 1

Asa counterpart to theseiceaccumulationswideice free channelsoccur, the so-called polynyas,
which are highlighted in Figure | The polynyas are a consequence of long-duration,
directionally-constantwind conditions. Thus, for example, a polynya arises off the coast of
Siberiaduring 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 S0 permitted by the depth conditions.

Themogt difficultice conditions arefrequently to be met to the east of the Zevernaya Islandsand
aso in the area of the Wrangel [slandsin the East Siberian Sea. Central Arcticice movesunder
theeffect of current and wind in the form of largeice fields sometimes having a diameter of 100
nautical miles (AARI, Polferov, 1993) against the isand barriers and compresses the seaice
existing there into pack and ridgeice. That Central Arcticiceis up to3 mthick, thus causing
difficulties even for the powerful nuclear-drivenRussian icebreakers In addition, there are also
numerousopen leads between the ice fields. Theseare sought out by shipsin order to navigate

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

16



The ice conditionson 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 measurementsand
observations, but also by assessing satelliteimages. They are nowadaysstored in an electronic
data bank. Figure 2 shows, for example, the percentage of ice coverage in the south-eastern
Barents Sea duringMarch, while Figure 3 showsthe lines of equal average ice thicknessin April.
Even though more extensiveand detailed ice information on ice coverage, ice thickness(max,
min, average) for the variousmonthsof theyear and in the various areas of the NSR is available
a the Arctic and Antarctic Research Institute of St. Petersburg and for internal use also at
HSVA, for optimum route planning a description of ice conditionsof thistypeis not detailed
enough. Work should be done on providing shipswith forecastsof ice conditions, including the
location of ice free channels for the next 12-24 hours whereby account isalso taken of satellite
images, aeria photos, and meteorol ogical and oceanographicinfluencing factors. Accordingto
HSVA's experiencein expeditionswith POLARSTERN helicopter reconnaissanceis inadequate. .
| ce conditionsalter too quickly by wind and tidal currents. Both can, however, be calculated and
incorporated into a routing advise

3. RUSSI AN ICEBREAKERS AND ICE-BREAKING CARGO SIIPS

SinceWorld War Two the USSR hassystematically buiilt its Arctic icebreaker fleet and today has
24 sea ice breaker and 38 harbour and river icebreakers. Seven of them are nuclear powered and
havea propulsivepower of 56 MW, respectively 33 MW.

The Russianshave been receptiveto new developments. They demonstrated thisin the 1980s by
converting the bow of two relatively new icebreakers (MUDYUG and the KAPITAN
SOROKIN) to the Thyssen/Waas icebreaking system. Thisicebreakingtechnology 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 measurementsof the ice-breakingcapacity
of both systems in the estuary of the Yenisey confirm the superiority of the Thyssen/Waas
System (Figure 4).
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The Russian icebreakers are operated on behalf of the Russian Federation by the Murmansi
Shipping Company and Fair-Eastern Shipping Company, for the moment they arc not fully
utilized.

This 1s due to Russia's economic problems, as a result of which freight transport to and from
North Russian ports has decreased. Currently there is thus adequate icebreaking capacity for the
Northern Sea Route transportation i e. icebreaker assistance to ice-strengthened freighters.
According to the Murmansk Shipping Company's price list, for example, accompanying an ice-
breaking freighter of the SA-1 5 class from Murmansk to Provideruya would cost TDM 146. This
pnce depends upon the sue and ice class of the ship to beaccompanied. Short-term icebreaker



requirements are relatively expensive at TDM72 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 tonnes and are driven by 15.4 MW diesel engines
TheshipdimensionsareL,, = 174 m, B,,,, = 24.5m, D,,, = 8 5m The SA-15scan only operate
without ice breaker support in ice up to about | in thickness. In order to improve their
performancein iceit would be appropriate either to increasetheir power or to modernize their
icebreaking bow shapes

In the 1980s Lash Carrierswere 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
icedoes not meet expectations (Brigham, 1991). The most recent Arctic freighter development
isthe nuclear powered 30 MW Lash/Container Ship SEVMORPUT. In addition to these more
recent Russian freighter typesisa large number of ice-reinforced 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 FORTHE "NORTHERN SEA ROUTE"

4.1  Trans-Shipment

In 1990goodsto a value of USS44.000 hillion were exported to the Far East from Northern and
Central Europe. Inthe opposite direction imports were worth US$ 82 billion (Ramsland. 1991).
Germanys sharein this trade issignificant asFig 5 shows. Thecargo traffic from Hamburg to
Far East hasincreased by 35% over the last two years. Even if the container transport viaNSR
would prove to beeconomical, it is not expected that the shipping companies 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 to and from Japan is attributed to the outsourcing of the
production ofindustrial goods from Japan to South-East Asia. Thistrend must be considered in
any prediction of the economy of the NSR.
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Import from Far East to North European
Countries in 1990
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Fig. 5

Extensive use was made of containersfor this exchangeof goods. In 1990 866500 containers
wereshipped from Northernand Central Europe to the Far East via the Suez Cand route and of
these 317300 containers, or 36%, came from Germany. 1105287 containers were shipped from
the Far East to Northern Europe

42 Exportvia NSR

The sea transport in the Russian Arcticis essential for the development the Russian economy
(Granberg, 1993).

Besidesthetrans-shipment of goods between Europe and the Northern Pacificthe Northern Sea
Route hasitssecond mgjor potentia in the export of resourcessuch as nickel, copper, diamonds
snand gold, of forest products and especialy of oil and LNG. Whilethe mineral resourcesand
forest productsare aready being transported via the three large rivers Ob, Yenisey and Lenato
the NSR, the multi-nationa oil companiesare planning together with their Russian partners to
use the seaway to transport the mogtly 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 problemsin this concept isthe
tanker loading process, because of the shallow water conditions close to shore The offshore
loading terminal has to be designed in order to be operationa under various drifting ice
conditions One possiblesolution isshown in Fig 8, in which two prefabricated storage barges are
founded at tlie 25 in deep sca bed. The harbor between the barges has two entrances in case one
side is blocked by pack ice The backsides of tlie storage baiges are filled with gravel and
protected against erosion by stones Qil-spill booms at the entrances would prevent the spreading
of ail in case an accident occurs during the loading process Such type of harbor could aso be

used as oil production island.

The tanker transport of ail, gas condensate and LNG could become the major driving force also
for tlie increasing use of the Northern Sea Route for transit shipmentsto Far East. In this context
it was very important 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 peninsulato
western Europe. In thiscase the more severe ice conditions in the Kara Sea and especially the
passage through the Kara Gate which isoften 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 was of minor importance. If this seaway
with its shorter distance between Europe and Far East is supposed to become attractive to
western and nowadaysalso to Russian shipping companies, economical profit has to be expected.

The economical evaluation was carried out by comparing the shipping costs between Hamburg
and Y okohamaalong the Northern Sea Route (NSR) with that through the Suez Canal (SSR) on
the basisof the Required Freight Rate (RFR-value). Three types of cargo vessels have been used
for thecalculation, a 1500 TEU container vessel, a multi-purpose cargo vessel and a bulk carrier.
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The RFR-valueis defined as:

Annual _overall cost
2 x TEU x Number Of round trips

Theannual costsinclude

- operating costs
- interest and repayment costs
- passage costs

- insurance
Inthis paper the procedureof thecalculation isshown for the container vessel only. Theshipdata
aswell asthe annual costsand voyage costs aregivenin Table2

It isassumed that one 56 MW icebreaker isleading not more than two cargo-vesselsthrough the
ice; this number may change according to the ice conditions

The pricefor the icebreaker assistanceistakenfrom the pricelist, published in 1993 by Murmansk
Shipping Company( M8 .

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
NCRI LSK class and the SEVMORPUT as well as from the winter wnvoy in 1993 with
KANDALAKSHA (Batskikh, Mikhaifichenko, 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 vessdl is 19 knots.

In Table 3 it isdistinguished between the speed with the present status of technology and the
expected spead in case more research and technological development is performed and the results
implemented (with R+D-efYects). The technological improvementsare expected in the fieldsof

- icebreaking technology

- prediction of optimal ship routes through theice

- informationtechnol ogy

- ship operation / convoy handling

- logistics



SH1IP DATA CONCERNING A 1500 TEU CONTAINLR SHIP

Suez-Vartant NSR-Variant
with no lce classification ice clayy: UL
Displacement i 28200 28200
_Welght without equipment [} G700 7900
tdwat t 21500 20300
tdw e t
Cargo t 15000 15000
Motlv power kW 12500 12500
Crulsing speed kn 19,0 19,0
Fue! consumption .
Per day at sea
main engine day 43 43
suxiliary engine Vday 30 3.0
Build price DM x million 56 62
ANNUAL COSTS IN DM 1 MILLION
Depreciation 4,48 517
Dry dock repairs 0,35 0.51
Continuous mainfenance 0,60 0,36
Insurance incl hull (P&O) 0,46 0,66
Capltal costs 4,08 4,52
§_Crewing costs 2,37 2,37
|_Other costs 0,22 0,24
Contalner costs 3,18 3,18
Cosis per day at sea TOM 50,9 53,0
VOYAGE COSTS
Suez Canal DM 51,7
NSR in convoy with twe ships, TDM (summer) 94,00
pership (winter) 122,00
Goods value TDMA 7
FREIGHT INSURANCE
Suez Canal DM per TDM 0,005}
goods value
NSR-Iceclass E 4 DM per TODM 0,0058
goods value

Tab, 2



Container Vessel
state of the art with R+D efTects

January 8,0 11,0
February 8,0 11,0
March 7,0 90

April 6,0 8,0
May 6,3 8,5

June 7,0 9,5

July 84 12,0
August 13,1 16,0
September 145 16.0
October 13,5 160
November 9.7 120
December 8,8 11,5
Open water 19,0 19,0

Tab. 3 Average speed of the icebreaker/container vessel convoy during the various
months of the year

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

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

is 7000 nrn with 2800 run navigatingiin ice.

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

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

The RFR values have been calculated as shownin Table 5 for the container ship with a loading
capacity of 1500 TEU The same method but with other ship and voyage-speeddata was applied

for the bulk-carrier and multi-purpose ship. The 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 fthe art)
6 months NSR plus 6 months Suez-Route (with R+D-effects)
12 months NSR (current state of the art)
12 months NSR (with R+ D-efTects)
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DAYS OF VOYAGE IIAMBURG - YOKOHAMA

Month 1500 TEU Container Ship

L SSR NSR NSR with R+D
January 26 23 . is
February 26 23 19
March 26 25 22
April 26 28 23
May 26 27 23
June 26 25 21
July 26 23 19
August 26 18 16
September 26 17 16
October 26 17 16
November 26 21 19
December 26 22 19
all year mean 26 22,4 19,3
July-December 26 19,6 17,5
mean

Tab. 4

Thecalculations were repeated for the higher ice class (ULA) container ship with DM 6 million
additional investment money.

TheRFR-valuesfor thedifferent conditionsare presented in Table 6. Theyearly profit (expressed
in DM) when using the NSR from Hamburg to Y okohama 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 Hamburgische Schiffbau Versuchsanstalt
GrbH(HSVA) hascarried out a study to evaluate the technical and economical feasibility of the
Northern Sea Route. The availabilityof 19icebreakerswith more than 16 MW propulsive power -
five of them with 56 MW = and the experience of severa years of convoy trips along the NSR
have proven that navigation wen during the winter season istechnically possible.



FULL CONTAINER SIIP 1500 TEU with spplied R&D
Variant Varlont [1**
i yearly overview
yearly
overview
Suez NSR Suez Suez NSR Total
(summer) (summer)
Number of days In 350 175 175 3s0
operntion per yesr
Number of day it 51,80 35.00
se= per round trip
@T)
Number of days in 2,00 2,00 ,
port per RT
RT per year 651 3.25 4,70 735
Cost per day at sen TDM 50.90 53.00
Insurance per RT TDM 36,00
Passuge costs for RT TDM 103,40 196,00
Costs per RT ™M 2740,00 2105,00
Costs per year TDM 17825,00 8912,00 9894,00 18805,00
RFR-values TDM/ORT 091 091 0.70 0,719
Income per RT TOM 3000,00 3000.00
Income per year TOM 19530.00 23850.00
Profit per year TDM 1705.00 5045.00
NSR-surplus per year TOM 3340,00
*) Variante 1 12 months via Suez Canal
) Variante It 6 months via the Suez Canat and 6 months vis the NSR

Tub. 5 Calculation of the RFR-values and the NSR-surplusper year for the Suez-Routeand for
NSR(6 months) with R+D-effects
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Container Ship, Ice Class F4 (UL)

Variant RFR (DM/TEU)
At today with R+D
stale of the nrt
SSR (Suez-Route) ‘910
NSR 6 months (summer) 780 700
NSR 6 months plus 840 790

SSR 6 months

NSR 12 months 890 780
Tab. 6 RFR-values for the 1500 TEU container vessel. SSR vs NSR

NSR-Advantage vs. Suez-Route by DM

at todays with R+D
state of the art
CONTAINER SHIP
Variant 11 1865 3340
Variant ]I 755 3914

MULTI-PUPOSE VESSEL

Variant I 180 671

Variant I 177 1585
BULK CARRIER

Variaat II 766 951

Variant Il 1038 1831

Variant 1T - 6 months NSR plus 6 months Suez-Route
Variant HI' 12 months NSR

Tab. 7 Yearly profit of using the NSR instead of the Suez Canal Route for three different ship
types
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The economical propositionof 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 the convoy speedsin the various
months of the year The experience gained in Russian convoy tripswas drawn upon here. The
RFR-values were calculated 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 the
entire transport system (ship design, communication, logistics, route advise ctc).

TheRFR 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 Routeisalready an attractive proposition in economic terms.

Shippingvia NSR would becomeeconomically more attractive, if the transport system were to be
developed further in technological terms If this is assumed, RFR-values of 700 DM/TEU (6
months, summer) to 780 DM/TEU (entire year) can be counted upon. as opposed to 910
DM/TEU for the Suez Canal Route. Splitting of the route, i @ 6 months NSR + 6 months SSR is
not rea beneficia, compared with operating the NSR year-round When operating the 1500 TEU
Container Vessdl between Hamburgand Y okohama year-round on NSR the profit compared with
the Suez Canal Route would be amost 4 million DM/year, if R+D-results are applied; without
thesedevel opmentsthe profit would only be marginal (755 TDM) Considering the risk involved
in Arcticnavigation the year-round navigation on the NSR with the present state of the an isnot

recommendable yet.

However, the commercial useof the Northern Sea Route could start with the 6 months (summer)
operation Duringthis starting phase the technology could be improved by R+D which could lead
to a profitable year-round use of the Northern Sea Route.

The development of the trans-shipment from Europe to Japan/Korea would gain from the

development of the ail 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 with many Russian institutes and western consultants, Amoco engineers
have been evaluating several systems for the export of hydrocarbons from the Yamal
Peninsulato Europe. Some of the critical components of the export system planned for
the area are an offshore tertinal, pipelines, icebreakers and tankers. The major factors
affecting the design and operation of these systems must be well defined. The proposed
preliminary plan for the export systems includes the placement of astorage terminal in 30
m of water offshore Kharasavey and a loading system in 14 m of water in the Ob Bay
offshore Mys Kenicnny.

To assess the cost and feasibility of these marine systems, it was necessary to collect
specific ice, environmental and other engineering data in the Kara Sea and Ob Bay.
These engineering studies have focused on problems unique to 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 Yamal project.

INTRODUCTION

Amoco Eurasa Petroleum Company has funded, over
the last three years, numerous technical engineering
studies and field tripsin order to better understand the
Russian Arctic offshoreand onshore {1}. These studies

weredone in with many R
and western consultants. To quickly gain a good
] hing Of the R Arctic, three approaches

were Used to collect the necessary engineening data
The first approach Was based 0N the understanding of
existing data  Amoce contracted severad Russian
ingtitutesto analvze the lone term Statistical datathat s
available in the literature and institutes’ data banks.
This historical data was then supplemented by the data

obtained from participationin severa field expeditions
[2) This gave us the opportunity to compare the long
term statistees With the observations made during &
particular year

Finaly, we combined the bet Russian and \&ften
mathematical and computer modes {3} in order 10
hindcast short and long term results related to the
environmental conditions, loads and theis combination,
nsks and downtime Theshortt er mstatisticswere used
to develop criteria for day to day operationsand the
long term statistics Were used to esumate the magnitude
of desizgn Or extremeevents. )

RUSSIAN CONTENT



Amoco worked in close cooperation with many Russian
institutes to define the offshore environment, develop
design and operational critenia, and develop and review
conceptual dessgns for tankers and terminals  The
results from these studies provide the key to a safe.
economical and feastble export systemi The Rassan
engineers and scientists weee very famhar with
Amoco’s problems and successfully came up with cost
effective solutions and somehimes alternatives  to
Amoca’s options  Thiough tins close cooperation.
Amoco has been able to combine the best avarlable
Western and Russian technologies Moreover, Russian
and Western codes and standards were also used and
comparedduring this exercise {4].

ENVIRONMENTAL STUDIES

The key factor to evaluate the feasitwlity and cost of
operating in a particular area, especsally the Arctic, is
to have a good understanding of the enviromment  For
transporting petroleum products by sea hum the Yamal
Peninsula, this includes knowing the prepertics and
distribution of the offshore permafrost, sea floor
charactenstics, constal processes, e, open water find
meteorologteal conditions  Of particular importance
are the ice conditions and charactenistics of the seabed
This paper describes all of our activities tn this area
The projects arelisted in Table 1.

Table 1 Ice and Ice Scour Studies and Field

Expeditions

Topic Institute Sear

1. Ice Scour Survey, Knra Sea  Eco-System 1992

2. Ice & Hydromeicorologicat CNIIMF 1992/
Conditions in the Kara Sea 1993

3. Study of Extreme Ice AARI 1993
Features in the Kara Sea

4. Global Ice Dynanancs in the AARI 1993
Kara Sen

5. Remate Sensingof Knra Eco-System 1993
Sea Ice

6. Ice Scour Survey. Kara Sea AMIGE 1993

7. SA-15Kara Sealce Amoco/KM 1993
Expedition Y/AMIGE

8. Air Reconnaissance of Ice KMY/AMI 1993
inthe Kara Sea GE/PINRO

9. AnExpedition n the VNIP1 1993
Kiln-tits at Pechra Seas

10 ERS-1image Dickine 1993

Interpretation for the Kara
Sea
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11. Kara Sealce Dynamics lceCasting 1994

12, Ice Load Model for a SP State 1994
Hummock field/Structure Tech Univ,
Interaction

13 Coupled lee-Ocean AARE 1994
Dynamics Model of the
Kara Sea

14 Kara Sea Coupled fee- MSU/NOR 1994
Ocean Model DECO

15 Kara Sen SLAR Image Bercha 1994
Proccssing and
Interpretation

16. Ice & Hydrometeorological AARI 1994
Conditions in the Ob’ Gulf

17. ERS-I Image Dichins 1994
Interpretation for the Ob'
Gulf

18 KaraSen& Ob' Bay Ice Amoco/KM 1995
Expedition - March & Y/AARI
April

19 Voyage of the Kapitan Amoco/KM 1995
Nikolaev Icebreaker - Dec Y/AARY
29 10 Jan. 11 CNIME/M

SCO

Ice Conditions
1__Kara Sea

Much of Amoce’s work on characterizing the ice
conditionsin the Kara Sea has been done in cooperation
with members of the staff of the Atctic and Antarctic
Research Institute (AARD} and the Central Marine
Research and Design Institute (CNIIMF).  Amoco
began working with CNHUMF in 1992 and AARI in
1993 The wwvestigations focused on the review of ice
and hydrometeorological conditions and extreme ice
feature’; in the Kaia Sea.  Lhis was followed by stedies
on the ice movement or dynamics {Topics 2 to 5 in
Table 1) From these studics we found the following
resuits

» The Kara Sea is usually covered hy ice for more
inn nine months of the year. The medan ice
tinckness reaches 12 min the south to 1.6 in 11 the
narth (Figure 1)

e It s alsn very dynamic, comstantly in motion,
resulting in the formation of turge rubble fields
(hummincks, Ligure 2) and areas of itensely nidged
re Most of the e motion and deformation is due
to storm winds (cyclone and anti-cyclone) moving
the dolting ice hack amd forth beiween Novya
Zemlya and the Yamal peninsula. As a result, the



Amoca worked tn close cooperation with many Russtan
institutes to define the offshore environment, develop
destgn and eperational cttena, and develop and review
conceptual des.pns for tankers and ternunals  The
results from these studies provide the key to a sale,
econvmucal and feasible export system  The Rusaan
engineers and  screnusts were very {amihar with
Amoco’s problems and suecessfully came up with cost
effective soluttong  and  somctimes  altermatives o
Amoco’s options,  Hucugh this dose cooperaton,
Amoco has been able 1o combine the best avmiable
Westein and Ruseian technologies. Moreover, Russian
and Western codes and standards were also used und
compared duning this exercise [4]

IRONMENTAL STUDIES

The key factor to evaluate the feasitulity and cost of
operating in a particular area, espectatly tlic Arctic. 18
to have a good understanding of the environment.  For
transporung petroleum products hy sea {rom the Yamal
Peninsula, this includes knowing the properties and
distribution  of the oftshore  permafrost, Hoor
characteristics, cvastal processes, ice, open water mid
meteorological conditons  Of particular 1mportance
are the ice condittons and characteristics of the seabed.
Thas paper describes all of our activities tn this area
The projects are listed in Table |

sed

Tabie 1 Ice and Ice Scour Siudies and Field

Expeditions

Topic Institute Year

1. Jece Scour Survey, Kasa Sea  Eco-Systemn 1992

2 Ice & Hydrometcorvlogical CNIIME 1992/
Conditrons in the Kara Sea iy93

3. Study of Extreme lce AARI 1993
Featuresin the Kara Sea

4 Global Ice Dynmmces in the AARE 1993
Kara Sea

5 Remote Sensingof Kara Eco-Sysien 1993
Sealce

6. Ice Scour Survey. Kara Sea AMIGE 1993

7 SA-15 Kara Sealce Amoco/KM 1993
Expedition Y/AMIGE

8. Air Reconmissance oflce  KMY/AMI 1993
in the Kara Sea GE/PINRO

9. AnExnedition in the VNIPI 1993
Barents and Pechora Seal

10 ERS-tImage Dicking 1993

interpretation for the Kara
Sea
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11 Kara Sed lee Dynamics fceCasting 1994

12 Ice Load Modet tor a S§P Siete 1994
Hummock field/Structure Tech, Ui
Interaction

13 Coupled lcc-Ocean AARL 1994
Dynamies Model of the
Kara Sea

14 Kara Sea Coupled lce- MSU/NOR 1994
Ocean Modei DECO

15. Kara Sea SLAR Image Bercha 1994
Processing and
Interpretation

16 Ice & Hydrometeorological MR I 1994
Conditions in the Ob’ Gulf

17. ERS-1 Image Dickins 1994
Interpretation for the Ob'
Guif

18. Kara Sea & Ob’ Bay Ice Amoco/KM 1995
Expedition - March & Y/AAR!
April

19. Voyage of the Kapitan Amoco/KM 1995
Nikolaev Icebreaker - Dee, Y/IAARY
29inJan. 11 CNIMF/M

$CO

Ice Conditions

!, Kaora Sea

Much of Amocoe’s work on characterizing the ice

conditions in the Kara Sea has been donc in cooperation
with members of the stuff of the Arctic and Antarctic
Research Institute (AARI) and the Central Marine
Research and Design Institute (CNIIMF) Amoco
began working with CNHMF in 1992 and AARI in
1993. Hie investigations focused on the review of ice
and hydrometeorological conditions and extreme ice
features in the Kasa Sea. This was followed by studies
on tin* ice movement or dynamics (Topics 2 tu 5 in
Table 1). From these studies we found the following
results

e The Kara Sea 1s w«ually covered by ice for more
than nine months of the year. The medan ice
thickness rcachcs 1.2 min the south [o 1.6 m tn the
north (Figure 1).

e It is also very dynamic, constantly in tnotion,
resulting in the formation of large nibble fields
(hummocks: Figure 2) and areas of intensely ridged
ice. Most of the ice motion and deformation is due
to stoem winds (cyclone and anti-eyclone} moving
the drifting ice back amf forth between Novya
Zemlya and the samal peninsula  As a result, the



ice mass compresses itself on these t wo large land
bodies. Depending on the wind severity and
direction, this may result in zero to several degrees
of compression within theice cover (Figure 3).

e Oneof the critical navigational featuresof the Kara
Sea is its narrow western entrance (Kara Gate)
located between Vaygach Island and NovyaZemlya
connecting it to the Pechora Sea. Although the ice
conditions in the Kara Seamay be easy to navigate
during a particular peniod of time, the ice may
botileneck in the gate rendering the passage of
ships very difficult.

m  Multi-year ice and ice island or iceberg fragments
are not aconcern in the Kara Sea. However, small
iceberg fragments (bergy bits) have been observed
in the northern part of the sea along Novya Zemlya
over the 60 years of observations.

e As the fetch in the Kara Sea is limited, the ice
conditions govern the design of the olishore
loading terminals and tankers.

Following these studies. Amoce decided to organize or
participate in several field trips and expedinons to
better understand the environment of these regions and
gain first hand experience (Topics 7 to9 and 18, 19 in
Table 1). Figure 4 shows the locations where Amoco
representatives have worked on the ice or from an
icebreaker collecting scientific and engineering data
critical for thedesign of our export system. From these
field tripswe found the following results

e Theiceconditionsin 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 results in the ship being rescued by
icebreakers.

e From our im-situ measurements, we observed
several large partially consolidated hummock and
nibble fields which represent the *design’ ice
features for our offshore terminal and icebreaking
ships.

e They areseveral routes that can be used to navigate
the Kara Seaduring the winter months.

e The routing of the ships in the Kara Sea is being
done by the Dick-son weather and the ice
monitoring station on Dickson Island. The ships
are well monitored and supported by the maost
powerful icebreakers in Die world for Kate
navigation.

m  Thedeployment of live ARGOS buoy in the Kara
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).

m  Such first hand experience was very helpful in
defining the scope of work and discussing the
results of our studies with our Russian contractors.

fn 1994 Amoco started work with a Western firm,
fceCasting, 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(Topics 4, 11, 13 & 14inTable I) The models
are unique and can predict ice movements in the
Russian Arctic driven by both winds and currents
(Figures6a & b). These models were developed in an
effort to extend our database. It is planned to use the
1993 and 1995 ARGOS buoys data |o calibrate these
models and then use the models to generate daily and
extreme ice motion stausucs using historical wind and
pressure data A detailed analysis of the data has been
performed by Amoco {5]

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

Amoco also worked with both Western  (Dickans,
Bercha) and Russian contractors (Eco-Systems) to
characterize the ice using satellite imagery and Side
Looking Airborne Radar, SLAR (Topics 8, 10 & 15 in
Table 1) A map showing the position of the landfast
ice edge boundary in the Kara Seaduring 1993 is given
iii Frgure 7. The positon of the lundfast ice edge along
the Yamal Peninsula is cntical for determuning 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 Anwoco in order
to design the export system for the Novy Port oil.
AARI was first to conduct a study on the ice conditions
in the Ob" Gulf (Topic 16 in Table 1). A map
illustrating the ice conditions in the Ob® Gulf at theend
of April is given in Figute 8. In 1995 AARI
accompanicd Amoco on the first winter icebreaker
voyage down the OV Gulf and nartnercd with Anloco
on a sea ice characterization program for the Ob® Gulf
during both the March and April expeditions (Topics
18 & 19inTablc 1)

Without the support from AARI, it would have been
impossible to adeguately characterize the ice in our
areasof interest and obtain permits 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 Ingtitute (CNiEMF) on ice studies in the Ob'
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Gulf. In addition. the firm of Dickins wes also
contracted to analyze the ERS-1 images collected over
the Ob” Gulf. From these studies and field expeditions,
the following observations were made:

e In the Ob* Gulf, the ice is even thicker than the
KaraSea By late April the maximum thickness is
located in the middle of the Gulf. On average, it
can reach a thickness of 18 m (Figure 8).

e Theice has alow salinity and has a high strength.

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

e The ice edge moves from the middle of the Bay to
the north & far as Beliy Island. This results in
formation of shear ridges along the coast lines and
across the bay depending on the amount of ridging
due to winds.

Ice Load Models

Amoco also worked with the St. Petersburg Slate
Technical University to develop new ice load models for
the Kara and Pechora Seas [3}. The models are based
on fimte difference method and predict ice loads for
both frozen-in and impact conditions. The results of
the new model [6] simulating impacts of first-year ia
againsta wide structure compare well with the full scale
data accumulated by Amoco during operationsin the
Beaufort Sea {7).  The model also takes 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 loads
the ice can exert on a structure. but also affects the
downtime that can be experiencedby a tanker loading
at an offshore terminal, the risk associated with
approachingand loac.ng the tankers at t he terminal and
ice scours. The ice cover can also impede tankers white
(ravelingin areas of ice convergence. |n 1994 Amoco
began working with AARI on the development of e
coupled ice-ocean dynamics model Considering the
importance of this work, a parallel study was atso
initiated with [leeCasting, a Western firm , and
NORDECO.

Numerical models have been developed to simulate the
ice response to wind forcing, but in many cases the
effects of the ocean dynamics ar e unaccounted for. After
conswderable discussion with Russian scientists familiar
with the current regime of the Kara S8, 1t was decided
that, for 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
barotrophic  (tides and storm surge) and baroclinic
{thermohaline) circulation To accotnplish this task, It
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was decided to couple a state-of-the-art elastic-plastic
ice model with a fully three-dimensional ocean
circulation model.

During model development, both AAR! and the
TeeCasting - NORDECO team performed idealized test
calculations and four Kara Sea simulations. The
simulation periods were chosen to coincide with
available satellite observations or drifting buoy data,
thus providing a means of model validation Both
teamis were quite successful at simulating the motion of
the ice cover. We now possess state-of-the-art
capabilitiesfor simulatingice behavior in the Kara Sea.
These models may also be easily modified for predicting
the duft 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 depah of offshore pipelines. Soil, permafrost: and
coastal processes near the shore also need to be
understood for selecting t he best shoreline crossing for
Ihe pipeline.

Two offshore geophysical surveys nor Kharasavey
have been conducted for Amoco. One in 1992 by Eco-
System and another in 1993 by AMIGE. Sone of the
results of these studies are presented in Figures 9.
Figure 9 is a mosaic of a side scan radar ssrvey of the
sea floor. with the ERS-1 imago Mid the iee scour
survey data, we were able to correlate the formation of
ice gouges with the formation of ridges and ice
movements in the Kara Sea. However. repetitive
mapping of the seabed is required for many years to
CONE in order lo identify the age of the deep gouges
observedduringt he t wo years of survey,

CONCLUSIONS

e Numerousengineering studio have been conducted
onshore and offshore the Yamal Peninsula in the
Kara Sea. These studies have shown that It is
feasible to export hydrocarbons from the Yamal
Peninsulat o marketsusing mar i ne system.

e These studies have greaty improvedour knowledge
of the long term statistics for environmental
processes and (hip operations inthe Kara Sea,

e They also provided t he mecessary Information for
settingdesign criteria for the different components
of our export system,

e The field expeditions were key to properly
understanding the Russian historical data, ship
performance In ice and ice environmental and
seabottom conditions.



Figaure 2: View of an Ice Hummoch Ficld, 1995 Kara Sea Iee Expedition
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Figure 3. Locations of Predicted Zones of Compression in the Kara Sea (AARI, 1993)




Figure4:. Areasin theRussian Arctic where Amaco personnel have worked on theiceor
from an icebreaker.
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Figure 6a: | cemotion vectorsfrom the Figure7: Position of the landfast iceedge
NORDECO Icedynamics model. 1 May 93. boundary in the Knra Sea during 1993.

Figure 6b: Calculated icestressesfrom the
AARI lcedynamics model. 1 May 1993.
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Arctic Tanker Trafficability Studies for Yamal

Shankar Bhat - Amoco Corporation, USA
Kimmo Juurmaa - Kvaerner Masa Yards, Finland
A. |. Brovin, A. Ya. Buzuyev - AARI, Russia

ABSTRACT

Over the past three years. several Arctic tanker trafficability studies have been carried out by
Amoco utilizing Weslernconsultantsand Russian Institutes. These studies were part of Amoco’s
Arcticengineeringstudies for Yamal. Newly built ics-braaking tankers of 40,000 to 120000 tonnes
deadweightcapable of operatingIn the Kara Sea year-roundare being considered. Theproposed
preliminaryplan forliquids exportincludes the placement of a storage endloadingterminallor LPG
in 30 m of water offshore Kharaseveyanda crude oil loadingterminalin about 15 m water In the
Ob Gulf offshore Cape Kamenny.

Hydrocarbonliquids woufd be transportedby the Ice-breakingtankers to an openwaterpodin Rus-
sia, andpossiblylo a major Europeanmarket such as Rotterdam.  Although most of the distance
from Yamalto Rotterdamis in open water, ice transitinglssues and times have a major Impacton
feasibilityandcost. ~ Therefore. It becomes catical to assess the data available onIce navigation
In these areas, and to consider how such data obtained from existing ships of small displacement
canbe extrapolated to largerIce tankers. usino Russianand/or Western models for Arctic ship traf-
ficabllity. Thisis anlssue which merits discussionin technical circles. Itis the objective of this paper
to Initiate such discussions. Amoco has carried out several studies on Arctic tanker trafficabilily,
using Western and Russian Insfitute consultants. In order to identify and address the key Issues,
andto estimate the transit times. Studies done for Amocoprovide a goodbackgroundfora discus-
sion of Issues. Itis not our objective to summarize the Amoco study resultshere.

INTRODUCTION

Amoco has been conducting technical and economic studies on options to transport hydrocarbonliquids
from Yamal. A number of studies covering the whole spectrum ef key technology and data issues have
beencarriedout. Anoverviewon the total study programundertakenby Amocols given{!]. Amoco's stud-
iesIn the area of Arctic tankersare summarized In {2]. The objective of the present paper is to provide an
overview of some issues related to Arctic tanker trafficability studies.

Preliminaryplans are to transporthydrocarbonliquids from Yamalby Ice-breakingtankers to an openwater
portin Russia, and possibly to a major Europeanmarket such as Rotterdam. Althoughmost of the distance
fi  Yamaito nlis In open water, ce transiting Issues 1nitimes havear ajo  pactc as
andcost. Therefore, It | fitical tt assess the data avatiable on ice navigation in these areas, and
lo consider the use of such data obtained from existing ships of small displacementtor predicting the per-
formanceofiarger. new types of ice tankers. These ere issues whkh merit discussion, and possible further
work. Suchwork couldlead te capabilities to make more accurate predictions on Arctic tanker transitlimes
during project planning stages for Hie Russian Arctic.

OBJECTIVES OF SIMULATIONS

Avrctic tanker transit simulations that were carried out had the primary objective of estimating the transit
times and the variability of transit times during the project life, which was assumed to be 20 years. This
required the calculation of transit times for every month of the year, during years with winters o! different
severities. These calculations allowed us to estimate the required number, size and power ©f tankers, and
the required storage volumes. Transitroutes studied are IndicatedIn Figure 1
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Figure 1. Yamal tanker trafficablility studies.

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. Ice 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 temporat variabilities. Another set of parameters relate
to the tanker. These include the bow form, reamers, frictioncoefficient, mass and added mass. resistance
and propulsion, backing distance during ramming, heeling system, water wash system, etc. Navigational
tactics such as convoy arrangementsand active Ice navigation to avoidheavy ice and to make usa of leads
and thinice can of course have a significanteffectontransittimes. Consideringthe 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 effectsby analytical models and appropriate Input
datais the main question.

A number of models for Arctic ship transit simulation, which have beendeveloped over the years, exists In
Russia, Finland. Canada, USA, and elsewhere. An extensive amount of work has beendone 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 trafficabllity studies discussed In this
paper, primarlly two models have been used. These are the Kvaerner Masa Yards {KMY) model 4 the
Arctic and Antarctic Institute (AARN model. Thy KMY model is consideredby us to be representativa i the
Western models, the AART model is representative of the Russian models. One objective of this paper Is
to brieflydescribe the trafhicability results fromthese 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
bothIn 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 glven below.

The KMY model was developed originally as early as the mid-1970s. At that time, the model was usedto
optimizs the Finnish lcebreaker fleet and some transportation systemstike the oil transportation fleet along
the Finnishcoast. Applicationslor LNG transportation In the Canadian Arctic, as well as for the cargo trans-
portation to and from Russian Arctic, were developedin the late 1970s and early 1980s.
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The KMY model has been continuouslyupgradedas new Informationhas been created on Ice conditions
and their Influence on 16 perfic nance of ind vessels. Inll  1980s, a largea ¢ 3 wasocok
fected onboard Finnls icibrea wsamicargovessels rg il regularoperationinthe 3 I Thisdata
was used to wily themodel and alS0to recognize those parameters In the t 06 conditionsthat have signit-
keant Influence on the fleet performance. Later on, the data from all full-scaletrials performedwas used to
continuouslylmprove the equationsusedinthe model. Thus, the modelhas also servedas atool to develop
new designs for kee-breaking vessels and to estimatethe Influenceof the new featuresinthetotal econom-
Id of a spacific ransportation task.

The KMY modells amechanisticmodel, andit lres somewhat detailed on leeconditions, Including
Ice thickness distribution along the soute and { 18 distribution of number ANl sizes of ridges. Somewhat
detailed Input Is required on the ship parameters, includingmain dimensions, hull form, propuision system
performance, etc. The dynamic force balance equation applicablefor shipmotionin Icels thensolvedincre-
mentally, tom! the solution for speed, distance traveled, etc. Figure 2 Is a How chart of the model. and
Figures 3A 10 3Bshowtypi cal example outputsin graphical form, for a short segment of theroute. A com-
plete simutation dongt he length of the route can be carried out to get total transitlime and average oper-
aling speed.

Figure2 Flow chart of KMY transt smulationmodd.
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Figure 3 Typical output results from the KMY transit simulation model. In
graphical form.

D e AARImodelwas developed In early t he 1980s as a result of generalizing multlyear special observa-
tlons of t he motion of Icebreakers and ships i real arctic| ce conditions In the Russian Arctic (3]  Based
ont he data. empirical dependenciesof t he effect of major characteristics of Ice cover (concentration, thick-
ness, age categories, amount of hummocking, fracturing, degree of Ice destruction. as well asSNOW height
and kee compacting) 0N t he ship motion were-obtained.This-allowedt he creationof a model for calculating
technicaland operating velocities of ships at any combination of Indicated Ice characteristics (4],

The AARImodel consists oft wo parts. The first partls atransi ti onfromageneral di stributi onof t ee char-
acteristics In t he navigation region (which Is recorded on conventional charts of ai rbor ne | ce reconnals~
sance) to ship motlon-related [ C¢ characteristics along t he route. The second part of (he model Is the
calculation of motion velocities of the Icebreaker, single ship. and a convoy of ships, and this depends 0n
t he technical parameters of t he vessels. At first, t he technical velocity of shi p motion (this Is a maximum
feasible velocity) In a specific | ¢¢ zone h calculated, and t hen the expectedoperatingvelocity Is estimated
s}

/ 3 a calculation example on the | s| o AARI's m et v L] ice conditions In the segment
Kara Gacaantharasavey.lnlﬁa 1985, shown on Figure 4. 1 cc data that Is inout into the AARL
Modal is taken from the composite kce (1A | (Flgure 4, and |S shown 0N Table 1. The 'model results lor
calculated average operating speeds and transit times are shown 0N Table 2 (or three cases: Arktika type
Icebreaker traveling alone, a 120,000 dwt webreaking tanker, and a standard convoy (Arktika + UL).
Results aregi ven t 0 both t he shortest variantand t or t he optimal vastant, with and without t ee pressure.

APPLICATION OF TWO MODELS TO A YAMAL TANKER PROBLEM

Amoco’s studies for Yamal have attempied to combine the best from the Western and Russlan sclentific
communities. Consequently, both types of models were used. We will now briefly describe some results
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Figure 4. Actual Ice cover distribution In mid-May of 1985, western Kara Sea.

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

Zone L;r:'g‘:,h Number of ice Ice Floe Amount of Degree of
Nuo Zone Ice Concentration, | Thickness, | D lons, | H king, | D !
(lles) Gradatlons units cm m units units

The Shortest Variant (5-2)

1 40 2 8 120 150 3.0 0
2 €0 150

2 50 2 8 160 125 3.0 0
2 60 150

3 15 2 7 120 150 3.0 [
3 60 150

4 25 2 9 60 200 15 0
1 5 150

s 10 3 2 120 150 1.5 0
3 60 200

6 10 2 3 20 200 o Q
7 5 150

7 20 1 10 5 200 0 0
The Optimal Variant (B-0)

1 115 2 8 120 150 3.0 0
2 60 150

2 30 2 9 60 200 1.5 0
1 5 150

3 15 2 3 20 200 0 [+]
7 5 150

4 20 1 10 [ 200 0 0
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Table 2 AARI model results for several example cases.

The Shoriest Variant {B-2) The Optimal Variant (B-0)

No Pressure | With Pressure | No Pressure | With Pressure

ice Zone Number Vi | Time Vio Time Vi | Time | Vi, Time

“Artika” icebreaker, self-contained 108 | 167 g1 18.7 1.3 | 169 | 9.7 1.85

120,000 Dwt tanker 76 | 223 30 67.1 8.7 207 | 7.2 25.%

Convoy “Arktika™ + UL 54 | 31.7 29 586 8.3 217 | 34 53.3

of application of the two models discussedabove for one specificproblem, and then discuss the issues. We
wilt 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 independentnavigation!s considered. Such tankers do not exist cur-
rently, and predictions made on transit times are used in making 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 [2].) Monthly
average transit times were computed for three years representative of mild, average. and heavy ice condi-
lions Theice conditions input into tho KMY model wero based on data available to KMY, collectedthrough
several past field expeditions. Theinputice data includedice concentration, thickness distribution, number
of ridges per kilometer and height distributionof ridges for the differentsegments 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 alsoto consolidationof 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 consideredacceotable for the screenina study. Presence of ice pressure was not consid-
eredin this analysis, since not enough data was availabie. Also, the analysis assumed straight-line transit,
without detours to make use of cracks and leads inice, as Is likely to occur In reality when the ice conditlons
are heaw. These two neolected effectscounterbalance each other to some extent. Anlce-breaking tanker
with a compromise bow designed for both Ice and openwater performance was assumed. The foltowing
were the main particulars Length (waterline) = 275 m, Beam = 46 m, and draft = 15m. Conservatively
assumed level ice performancecurve resulted In an icebreaking capability at 2 knots of only 17 m.  Aver-
age transitlimes computed using the KMY model lor transit betweenMurmansk and a Kharasavey Offshore
Terminal are givenin Table 3 for a few selected months (September, April, May) The round-trip transit times
givenin Table 3 (and In subsequenttables) include 40 hours for loading and unloading.

In the AARI study, transit times were calculatedon a monthly average basis for threerepresentativeyears,
with easy. medium and heavy ice conditlons. The easy, medium, and heavy classificationsare qualitative,
and conventional. The tanker parameters were the same as in the KMY study. Detailedinput on the bow
shape, friction coefficient,etc., is not needed for the AARI‘s empirical statistical model. For adjustingthe
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 levelIce for a specificseason of the year. (Imbedded
in the level ice performancecurve are the influence of bow shape, frictioncoefficient, 8tc.) For the years

‘e AARI used all of the available data on navigationalicec  llix  and generated the input val-
ues th *th analysis. Selected results of the analysis are given below, In Table 4.
The numbers ing are round-triptimes when eis ice pressure of 0 T{c unit, i aRus-

sian scale). Some useful conclusions canbe drawn by a proper comparison of th Jits given In Tables 3
and 4, asthese resultsrepresent two differentapproaches to the same problem. One approachhas abetter
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Table 3: Selected monthly average round-trip transit times between a
transshipmentterminal 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
Month
(Days) (Days) {Days)
| September 48 48 48
April 94 13 171
May 73 124 16.4

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

Years withMild Winter | Year wilh AverageWinter | Year wilh Severe Winter
Month (Days) (Days) (Days)
September 55 55 65
April 59 (6.2 64 (6.8) 126 (18.4)
May 64 (72) 66 (9.5) 11.4 (16.0)

model of the mechanics of ship motion in Ice, and the need for more data than Is available. The second
approachls empirical stalistlcai, end therefore, is almost completely based on transit time data collected
using existing ships, which are small comparedto the tanker being studied. This approachdoes not model
the mechanics of ship motionthroughice. and consequentlymay not properly accountfor any effect of ship
size. But, In this case, we do have the data neededlo apply this approach.

Now let us compare the resultsin Tables 3 and 4. First, we may note that the round-trip transit times In
Tables 3 and 4 are differenteven for September, which s an ice-free month. This difference Is due to the
fact that the round-trip distances used in the two analyses were not the same. Resultsin Table 4 are lor
travel to and from Murmansk, not to a possibte transshipment terminallocation. The differencein round-trio
travel distances accounts for about 0.6 day of transit lime differencebetween the two Tables. This correc-
tion couldbe appliedto either Table 3 or Table 4. If we apply this to Table 4, the following table Is generated.

Table 5: Selected monthly average round-trip transittimes between a
transshipmentterminalnear Murmansk and a Kharasavey Offshore
Terminal,according to AARI's Initial study.

l Month YearswithMildWinter | Year with Average Winter | Year with Severe Winter
(Days) (Days) (Days)
September 49 4.9 4.9
April 53 (5.8) 58 (6.2) 120 (17.8)
[ May 5.8 (8.6) 6.0 (8.9) 10.8 (15.4)

Table3 and Table 5cannow be compared, tor no ice pressure, since this was the assumptionin generating
Table 3. It canbe seenthat the AARI results for round-triplimes In Apriland May are significantly less lor
all cases without Ie2pressure.  This Is attributedto the fact that the AARI analysis|s based on real voyage
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data collectedover the years. Inreal voyages, Ice navigationplays an extremely Importantrole. 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 consistentwith
the factthat conservativeassumptions were made withregardto the Ice conditions, as requestedby Amoco.

A few comments can now be made on the advantages and limitations of these models. AAR!'s empiri-
cal-statisticalmodel can use AARI's extensive navigationallce database. This Is Its mostimportantadvan-
tage It was pointed out in the previous paragraph that the modelIncludes the etfect of Ice navioation. which
Is also an advantage. A definite disadvantage of this modells the empiricalnature of the dependencies of
the calculated operatingcharacteristics. The mechanics of ship motioninice are notmodeled. Therefore,
to get accurate predictionsfor new types of ships, it is desirable to have tests In full scale conditions. Data
from such full-scale tests can be used as Input Into the AARI model. Also, some difficulty for the Western
user 1s the fact that the bases for the empirical correlationsusedin the modelare not explainedin the West-
ern literature, makingit difficultto judge the validity of resultsproduced for new types of ships or new traffic
situation with independently operating tankers or where the relative size of icebreakerscomparedto the
assistedtanker is completely different from that in the statistics. The first descriptionof the correlationsand
dependencies of the model will appear this year in a INSROP Working Paper 155 Planning and Risk
Assessment (4.51.

KMY's modelincludesthe mechanics of ship Ice interactionadequately, and consequently Is better able to
model effects such as the size etfect of a large tanker on ramming performance. Alarge icebreaking tanker
suchas thls does not exist today. At the time thess analyses were done, there was not even a fully devel- .
oped concept design. KMY's modells such that it can be used to perform sensitivity analyses to design
changes, changes In dimensions or other key parameters, etc. For this type of application. It Is mostImpor-
tant that the ice conditionsare described In detail to such an extent that the performanceof the proposed
designcan be evaluatedalso in other ice conditions than levellce. The use of equivalentice 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 modelwith laser
profiler-based ice data helped us to make a decisionon the required power for Independent navigation.
Suchamodelis extremely useful. Thisls why there are a number of such models in the Westernworld with
similar, but not necessarily equal, capabilities. Various aspects of these models, such as the modeling of
the level Ice resistance and the ridgs resistance, have been verified to various degrees by full-scale mea-
surements.  In consultationwith Amoco. conservative assumptions were made by KMY with regardto the
ice conditionsto be usedIn the analyses. Thus. the results generated were conservative, as Is appropriate
in a very preliminary study.

AARI analyses showedthe effect of Ice pressure. With one ball pressure, smali-to-moderate Increases In
round-triptimes can be expected in mild-to-average years, and large Increases In round-triptransittimesin
the work months can be expectedin the severe years. A probabilisticanalysis of how round-triptimes will
be affectedby Ice pressurehas not yet been done.

To avoid possible misunderstanding on the use of the above numbers In the Yamal project, the following
should be noted. Subsequent to the Initial trafficability studies mentioned above. conceptuat designs were
developedfora 120.000 DWT Icebreakingcrude oil tanker and a 110,000 cublic meter icebreaking PG car-
rier. Both these ships have significantly better ice-going capabllitlesthan the 120,000 DWT tanker usedIn
the initial trafficabliity studies. Round-trip timescorresponding to the concept designs 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 trafficability studieshave beencarried outon

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

8 pot in(6). Allof estude wed that it Is feasibleto e tankers from Cape Kamenny to
ani}  But a number of issues remalned tot  examined *t futurestages of the project.



POSSIBLE FUTURE STEPS

Weconsider it desirable to go a little deeper Into the corrparison between the two models, for a better 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 profiier data. Russian mode!(s) 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 profier is not needed to use the empincal-statistical
models. Western model(s) would do the same transit calculation using the ice fidge profiles obtained using
the laser profiler, since these models do require such detailed Ice data. These calculations could be cons
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 bs 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 develop 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 ofload-
ing and unloading, impact on performance of Icebreaker support, eic. The simulation model will need to
be able to use the existing ice data. The model should. of course, be able to simutate the performance of
new ship types. The model comparison work discussed above may provide useful insights on the proper
usage of existing ice datain a total system simulation tool.

CONCLUSION

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

A comparison of results for one case is givenin this paper. In order to discuss the issues. A step to move
forward in this technology area is proposed.

REFERENCES

1. Cox, 3 F N.andBlancnet, D., 18 “Arclic Engineering Studies lor Yamal." > Second
internatl  al Conference on Davelopment of the Russian Arctic, St Petersbura, Russia, { 18-22.

2. Bhat, S. U., Juurmaa, K, Tsoy. L. G., Trjaskin, V, Brovin, A. I., McRae, R. K. and Blanchet, D., 1995.
"Arctic Tanker Studies for Yamal." Proceedings, Second International Conference on Development of
the Russian Arctic, St. Petersburg. Russia. Soot. 18-22.

3. Buzuyev, A Ya and Fedyakov, V. Ye, 1983. "A Comprehensive Allowance for the Characteristics of
the Ice Cover State in the Development of Recommendations for Navigation." in: Questions of
Enhancing the Strength and Reliability of Sea Transport Constructions, Soyuzmorniiproject, M,
Transport, pp. 89-97

"I. Brovin, A, Fedyakov, V. Ye. and Frolov, §, 1995 “Description of tho Empirical Statistical Mcthod tor
a Quantitative Assessment of the Difficulty of Ice Navigation (the “QAD"” model) * INSROP Working
Paper 15.5, Section 3.

5. Brovin, A arid Frolov, S, 1995. "Analysis of Ice, Operating and Ice-Navigation Indicators of Naviga-
tion Conditions Applicable for the Organization and Planning ot Shipping Along the NSR.” INSRGP
Working Paper 155. Section 2.

0. Tsoy, L. G . Bhat, S. U., Moreinis, F., and Cox, G. F. N., 1995. "Preliminary Study of Tankers for
Year-Round Transportation of Crude Oil from Ob Gulf" Proposed to be presented at International
Northern Sea Route Program Conference. Tokyo, October 1-6.



lce Loads on Multi-Legged Structures in Cook Inlet

Shankar U. Bhat
Amoco Corporation, Houston, Texas, USA
and
Gordon F. N. Cox
Amoco Eurasia Petroleum Company, Houston, Texas, USA

ABSTRACT

Three multi-legged offshore o/ platforms in Cook Inlet wore instrumented from 1966 fo 1976. The
results of this effort haveproduceda /ong-term ice data set spanningaperiod of fenyears. A brief
summary of the peak Ice load data recorded from these platforms Is provided, along with probabi-
Iistic estimations of extreme ice loads based on this data set. A deterministic analysis of extreme
ice load on Cook /nlet platiorms is alsopresented. The analysis considers the Ice properties. leg
diameter and spacing, and Ice mevement velocity Results of tho probabiistic and deterministic
analyses for extreme loads are compared with onig/nal design loads.

INTRODUCTION

Multi-legged structures have been used successfullyin Cook Inlet for 30 years In Cook Inlet, there is ovar
400 platformyears of experience without a major tailure. Despite our long operating history In the area,
there is very httle 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 measurementsmade in Cook Inlet
before 1970 wers presented, along with correiations and interpretations. To our knowledge, there has not
been any additional full scale data from Cook Inlet publishedin 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 onIce design criteria, RP2N. These recent publications speculate that design Ice loads
used for some early ptatiorms 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 accelerationdata fromthree Cook Inlet platforms were recorded on
strip charts during severalice seasonsbetweenthe years 1965 and 1976. The three platformswere Anna,
Bruce and Dillon, all Installedin 1966. Their locationin 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
fromthe three platfusms is reported In Knapp and Bhat (1989).

Most of the available data was recorded on strip charts at a slow chart speed of 6 in./hr. On the average,
720 ft of strain charts and an equal length of accelerationcharts were obtained for each platformeach sea-
son. A short sample of strain data is shown In Figure 3. Since the fundamentalnaturalfrequencies of the
platforms are around 1 Hertz, much higher chart speeds are needed to get Informationon platform dynam-
ics. The resolution Is such that spectral analysis techniques of random signat analysis cannot be used to
analyze the data. Therefore, Ice failure pressures could not be derived from the force magnitudes. How-
ever. Informationon peak loads end accelerations 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
bet 2er srail ¢ dacceisration. An example ol lionobservedIn + 3 Is ninf 4 A
similar examination of .cofler  from plattorm r over many vears showedthe it: to be ot unac-
ceptable quality. Thls Is probably because platform Baker was instalied In 1965. before Amoco’s strain
measurementinstrumentationtechniaues had sufficiently evolved. as Indicated In Blenkarn {1970)). Unlor-
tunately, the data were recorded by field personnel, and ne accompanyingice observations were made.
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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) inaday. Lists of the maximum force for each tide cycle were ganerated from the strip charts.
The daily maximum ice loads were then tabulated from these lists, and plotted on lognormal probability
paper for each of the years for which data was available Thero was some year to year variationin ice
f 18 xpected. | was it observed that the variation from year to year was generally consistent with
the variation in the 30-day accumulations of freezing degreo days. as anticioated In Blankarn {1970). Gen-
erally, there were more peaks with higher ice loads in years with more severe winters. However, because
of the random nature of ice loads, a good correlationbetween maximum yearly values of 30-day accumu-
lations of freezingdegree 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 Oillon, for all years lor
whichdata was collected, displayedon fognormal probability plots. Data from platformBruce also shows a
similar trend, with force values close to (and somewhat less than) those lor Platform Anna.
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W 1 (33
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Figure5 Dally maximumIce forces recorded from Platform Anna, 1866-1878 (plotted on
lognormal chart).

Flgure 7 shows the log normalprobabilitydensity functions for daily maximum forces for the three plalforms,
based on the straight ine fits to alt available data from these platforms, as In Figures 5 and 6. The distribu-
lions are bl consistent. Some anabilit isoxpectedi any alf le data set of natural f

suchas these. Figure 8 shows calculatedprobabilityfunctionstor annuat maximum Ice loads on the three
platforms. The eauation used for this calculationls given in Appendix 1. The calculated probability density
functions of annual maximum forces for the three platforms are similar. The mean values are in general
agreement with the mean values of annual peak forces in the measured 1 Th standard eviaioi1s are
different, r¢ lec  the fa:t that th t of data that was avallable was ot tie same. The platform
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manner at towerloads. Sufficientamount of datalS givenin Blenkarn (1970) to confirmthis statement, and
no contrary data Is known to the authors. Consequently, we will assume that the Ice Is warm (-3°C surface
temperature)and that It has a peak strength characteristic of ductile to brittle transition.

The temperatureprofile Is givenby

Tyurtace= Ui
T) = Tuurtace— (2] - ')(-"u"'“’zoﬂg) M

where Tyyacs IS -3°C, | Is an Index varying from 1 to 10, and T} s the layer temperature. Tioom IS the bot-
tom surface temperature, taken to be -1.8°C. The mean temperatureturns out to be -2.4°C.

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

Pure Ieedensity as a function of temperaturels given by (metric tons/cublc meter):
py = 0.917-1.403x 107°T, @

The estimatedbulk density IS ppy = 089 tonnes/m>,

Averagelce salinity (parts per thousand, ppt) of sea ce as a function of Ice thickness forh 204 m I8 given
by

S «788-159h 3
For Ice thickness less than 0.4 m, a different equation should be used (see Cox and Weeks. 1974).

Equation3 gives an average salinity of 68 ppt for a sheet lee thicknessof 0.65m. According to Blenkam
(1970), the average salinity of Cook Inletice IS 4to 6 ppt.  Therefore, we assume an average salinity of
6 ppt.

The totalporosity of each layer can now be calculated as
Py s
), - 1-31+(%?T|)(1+F2‘) @
where
F1) = —4.732 - 22.45T;~ 0.6307 (T,)’ -0.01074 (T,)’
F2, = 6.903.10°T,-1.763. 10°°7,-6.33 - 107 (T))* - 8.801 . 10°*(T)*

Total porosity varies from0.12 to 0.173 lor t he various layers

The strainrate correspondsto ductile to brittle transition, 107 (1/s). The strength profile can now be com-
putedas follows;
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0,=37( &) (1- ﬁ?’} (5)

with e=10(1 /8) . The resulting strength profile Is given In Figure 9. The mean Ice strength s calcu-
lated to be 2224 MPa. Having determined tho mean ice strength, the Ice load on a single Isolatedleg Is
calculated applying the methodology similar to that given In Timeco (1986).
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Figure 9. Strengthprofile of an ice sheet

The leg diameter of a typical Cook Inlet structure Is 427 m. This results In an aspect ratlo (diametorfice
thickness)of 8.8. Indentation coefficient can be computed accordina to Afanasev (1973) for aspect ratios
greater than 1, using the following expression (Timco, 1986):

1= sgn) ®

The Indentatlon coefficient Is comes out to be 1.327. Now, the total force on one leg Is calculated by the
Korzhavin equation:

F = MKIDhopeqn )

where m, the shape cosfficient, Is 0.9 for circular shape of the leg cross-section, and k, the contact factor Is
05 for the poor contact associated with rapidly moving Cook Inletice. Omean = 2224 MPa, as calculated
from equation (5).

The productmklhas a value of 0.697.  APIRP 2N, based on Blenkarn (1970) recommends a lower value
of 055 for Cook Inletice. |If we use an Indentatlon ratio of 1.2 as applicable lor granular ke, the product
comes out to be 0.64. We will use the more conservative value of 0.597 as computed above.

From equation {7), the total force per leg Is calculated to be 3.7 MN. This resultsin an effective pressure
on a single leg of F/hD = 13 MPa. This 0 In agreement with Blenkarn's (1970) measurementsof the kce
loads 0N Cook Inlet platforms. Maximum measuredice pressures were of the order of 1 MPa, considering
both variations In t €€ thickness and temperature. For similar conditions (velocity, temperature, thickness,
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and aspect ratio), comparableresults were found by Lipsett and Gerard (1980) on Hondo River Bridge In
Alberta. They recorded a maximum pressure of 1 MPa.

Based on the results from model basin tests (Evers and Wessels, 1986) and field obsewallons (Blenkarn,
1870), the maximum load on a fourlegged jacket platform Is twice the load on a single Isolated leg, regard-
less ofice movementdirection. Thisls applicableto situationswhere the ratio of the leg spacingto leg diam-
eter Is about &, as In the case for Cook Inlet structures (Timeo, 1986 and Evers and Wessels, 1986). In
addition, model tests have also clgarly shgwn that the loads on Individuallegs are not simultaneous. There-
fore. the total load on aplatform 2°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. This Issue Is discussed In Blenkarn (1970). The peak
loads due to these effectscan be as much as 15 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 practice. Initiatedby Blenkam (1970)
is to increase the maximum /evs! ice load by a factor of 2 to account for these ice features and dynamic
loading. Thisis justifiable froma variety of considerations, such as the consideration of raftedice thickness
(amaximum thickness of twice the maximum level ice thickness) or ridge consolldation (& maximum con-
solidated depth of twice the maximum level tee thickness). If we use 2, thenthe deslignice load for the struc-
turebecomes 274 =14.8 MN = 3300kips. Thisis close to the ‘100 year"value reportedearlierin this paper
(14.2 MN or 3200 kips), based on analysis of measured data.

There are two major differencesbetween the above deterministic analysis and those In current practice for
Cook Inlet platforms, as In Visser (1992). These are: (1) the temperature of the Ice to be used for the
extreme i¢g load calculationand (2) the assumed ratio of the total toad onlhe platformto the load on asingle
leg. Thereis sufficientevidenceln Blenkarn (1970) to Indicate Ihat the maximumloads on Cook Inlet plat-
forms occur when the Ice Is warm. With regard to the multiple to be used lor the totalload on the platform,
we used the available information which comes from the ice model tests reported In the literature (Evers
and Wessels, 1986}, deviating Irom a value of 2.83 assumed by Blenkarn In 1965.

COMPARISON OF CALCULATED DESIGN LEVEL ICE LOADS

The two extreme load values, one calculated deterministicatly from physical properties of Ice end the sec-
ond (100 year load) computed using a probabllistic analysls of the full scale data from platforms, are In
agreement with each other. Both these extremeloads are much less than the orlginaldeslgnIce loads for
the structures. The three platforms were designed tor an ice toad of 21.2 MN (4760 kips), which is about
40% higher than the estimates given In this paper.

The maximum measured Ice load during the approximately 10-year period of monitoring was 75 MN
(1680kips).

GENERAL COMMENTS AND OTHER DESIGN CONSIDERATIONS

The measured data and analysis suggest that dasign tee loads could even be lowered from the values
assumed in the orlglnaldesigns for these platforms. Other Cook Inlet platformswere designed with even
higher ice loads, as noted by Visser (1992) and Utt end Tumer (1992},

Structure design requires an sxamination of various possible falture modes. including 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 fatigue deslgn criteria, and the designs were based on extreme
loads. assuming that such designs would also be satisfactory tor fatigue. New datareportedin this paper
canbe used to lower the extreme deslgn loads, but care must be taken to ensure that the designs have
adequate fatigue sttength. This Is exaplined further In the paragraphs below.



During the examinationof the data strip charts, it became obvious that conditions necessary for deslign ¢ri-
terla to be based on a rare extreme occurrence are not oresent in the loading from Cook Inletice. To under-
stand why, ona must understand what a rare event criteriameans, and how It Is applied when designing.
The concept of 100 year criteria has its basis In hydrolagy. Its primary purpose was to calculate runoffto
size flood channels, bridge openings, retention dams, etc. It worked only because of the very largo differ-
encein a runoff volume from an annual rainfallas comparedto a 20 or 100 year occurrence. The 100 year
concept was also applied to the desian of tall bulldings for wind and to Gulf of Mexico petroleum producing
platforms for wind and waves. It worked reasonably weli as hurricane affectsa Gulfsite approximatelyonce
In15years. The difference In magnitudebetween hurricane winds or waves and normal extra tropical storm
‘wind or waves, is farge and, besides. the force Is dominatedby tho draa term (proportional to the sauare of
wind and wave magnitudes). Thus, the conditionfor a very large difference between an annual force event
‘and arare extreme event Is fulfilled.

Extreme occurrencecriteriadid not work well for the North Sea. Here. extremesare generatedby 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 dominationof force tends to amplifythe differences). Early designersthat
used the extremes for design found that In a short time, metal fatigueproblems developed. Evaluating the
deslan structure for metal fatigue from forecastload cycle histograms solved this difficulty, as it showedthe
need to increase the membar strengths In certain platform areas.

The above discussion|s Includedhere only lo pointout the need to take a broader view of design, Including
extreme events and fatlgue. The extremelce loads in Cook Inlet are welt within the original design loads
for the three platforms. With regard to fatigue. # is reported In Visser (1993) that the platforms show no
evidence of fatigue cracking or other significantunderwaterdamage, even after serving through the original
design life.

CONCLUSION

This paper providesa 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
fromthese platforms s provided, along with probabilistic estimationsof extreme Ice loads basedon this data
set A deterministic analysis of extreme ice load on Cook Inlet platforms|s also presented. The analysis
considers the Ice properties, leg diameter and spacing, and ice movement velocity.

Results of the probabilistic and deterministic analyses for extremeloads are compared with originaldesign
loads.
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APPENDIX A

Let X be a random variable denoting the dally maximum | ce force In a winter ssason, with X belng one of
t he realizations of this random variable. Consider @ sample consi sting of m values of X. Let Z denote the
largest of N values {n day maximum). Than Z will also be a randomvariable, andit can be shown thatt he
probability density function of Z will be

12,(2) = 0 lF, ()" "t (2) (A1

where f, and Fy denote thepdf and edf of X Int he present case. t hese arelognonmal, and derivediron)
the data tar dai [y maximum| ce forces. The probability density (unctionlor yearly n@xi numi ce forcecan
be computed from equation {A1) using N « 60 days, since there are about 80 days d s gificat | celoading
In anormalyear.
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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.
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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 startedin 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).

igure 118 Urho

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 performin
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 asternin ice.
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Figure 2, MV Seili, Azipod
21 MV Seili

The vessel before modification had the ice breaking capability of c. 45
cm of levelice 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:

e |Ice breaking level Ice ahead from 45 cm -> 55 cm. due to better efficiency
= Ice breaking level ice astern from O0cm->60cm,
e Crossingold channels no problems

The arrangement of MV Seili is in figure 3.

.~

— & 2 L ' : igure 3, MV Seili
Length 427m Draught 38m
Breadth 122m  Power 15 MW
2.2. MT Uikku

The second vessel to get an Azipod was MT Uikku, a 16000 DWT ice
breaking tanker, figure 4, owned by NEMARC (Neste and Kveerner Masa-
Yards) and operated by ARCTIC SHIPPING SERVICES, Murmansk in the
Northern Sea Route. The vessel was originally designed by Waértsild (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.
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igure &, MY Uikku, level ice

2.3. IB Rothelstein

The third vessel, IB Rothelstein, a river icebreaker (Danube river) was
delivered from Kveerner Masa-Yards Helsinki New Shipyard in April 1995, is
designed to utilize Azipod propulsion in full. The vesselis designed to break
levelice of 70 cm in thickness when running ahead and to break apart/loose
25 m thick ice jams. Figure 6 illustrates 1B Rothelstein penetrating a ridge
(running astern) deeper than the draught of the vessel. The vessel is in
operationin figure 7.

figure 118 Rothelsteln
lucking througharidge.
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Length 423m  Breadth 100m channel.

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 considerationwas paid to the shape
of the forward bossings. The vessel also was equipped with t wo 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 1B Otso, which is one of the latest stages of
vessels having two propellers and two rudders in the stem. Figure 8 shows
the speedin 0.8 m thick levelice with different propulsionarrangements:

* 1B Otso, no bow propelers
o 1B Uho, 40 % of the poner at Ve bow
s Azipod lcebreaker, 100 % power at 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 25 mJs ( 5 kn)) to the Urho-class.

Ice thickness 0.8 m

Speed (m/s)

v M™m ®» w » o 0w w0 (¥

igure 8, Affect of propulsion

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 (>60 % 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.
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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
31 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 travelledin open water year-round.

s Pelersburg PECHORA '

KA 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 operatingmostly sternfirst.

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 = 38 m
Draught = 13 m Power =16 MW
No of propellers =1 Deadweight = 90000tonnes

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