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B wmsm @ 19736108 8 4 R EES1E| X & & 70 - 7= GBS O K
@725 & EIFIXE1kRAA NV a vy, SHICE2RAA NV a vy (197T94F) ~&
HBEL-, ZOFEFIIHARFICKITEZ 5277, B, TERICEBOME EZ2KFEL T
W BRCIIZEMGE LI TREREOHREFE L o7, TEZODOE, 19694 K[F
TTAT e ) AR —T TOFANFER LRI 42 - 7 AV T ALmEI IR 7=
DA A v, INGEIRNHE S AV TV D HENFER AU, BIF « BiEiFsE 0O 50T,
B4 72 Manhattans OESRMIE] (22 ORFICITDIL -, LRRE O EIREIR « K
ENEEOMFRIEE.LE L R | KMEREEO TR 2 2 m s S H e,

AR E H AR TIZVLCCH RAEUROK 2 o 1 — @k LALIE DO BV K 2 k& RX—1 o 7
ML 2 PR 1T CEIRZBIAT 5 LW RARFENS. THILE, 1T & Lok 1
Y7 MBI, BOKREMROFI X EWLEIK, FEFEE OKIEREENFIE-CHRENED
SIVEMZ DT, EHILZZO/mFPO— AN L L THOKIME-OK I EY) OB 3SR EHICE
E oK IR TOK I E ORI D > 72, B

FDH%, WA AV g v ZIFINGE LT3 5 D2 W T B Rk & o 71—

[TEE S NHEE N 21k 2l 2 7o, =)V —Hils. BREEM., ZHE0 LR RIT
B . KiET — LAOERIIEN TN L X —REN R U723 T 7o < KiE T3R8
OFRREIIR =5 Z LT, BRI D LWiREA £Te, FDO— DN 1990FEITHE D &
Nni-o 7 AbREHIIENSR (Northern Sea Route ) O [EBESH] FHAFZE (INSROP) Th - 7=, #i
REMLIE DFEAE IR D Z OFRBEITHERIERR L OET 2B W R & 72 0 ZER(BIZH ) TA,
MRS TWD, AFEEOME, [k ns 7 A REENSRD B EMHEE A~ D H
FUNIZDOX > RS EEDOIERERR EIH D,

B) g0 okiE TEOMEOEMEIT FROEESEEICH Y . kT (2006, AR M) O HERIC
DRIND, KUBEAE AR . BoKIRPT. Bk, NSRZR EMNBEER. N> ZLERIZ20104E12 V 7L CTHIRR.
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_ LU, Hi# : INSROPEAfR&FEHR S E (UHIEAS&OME) | KiETy (BFiEfE)

(1) NSREFZE

NSR (Northern Sea Route:dbiBR¥EMLEE) Lix. =i 7k

g% 18R T AR T D, H AR —BRIN R OHIFRRIZ- DU

TE AL, BEEY HEE (kDA £11,400¥F

H) DRI60%EL720 | FEEME & L TRFIIZFIIMR O T

REW, ZorRgEHzZi Mmoo, a7, /b

7o—, HA(SOF) ., A FHO K iR EA B N Az L7

n . EE7 ey =7 TINSROP (International Northern |
Sea Route Programme) 78 FELOT —~ TEMESH, I “Narios Passae.
IHEEDMELNLTNVD,
Phase1(1993-1995):

QLD B SRS LKA T H

QI ENT S N B R, AR SRR RIE T2
© LA IS O E RO A

O AR SRR B D BUERY - EFIF 7 B
Phase2(1997-1998):

QLR vE D Hh PR 4, /x:fb@%

ONSREM S I 2L — a3l AH A 2

.Northwest Passage

X6 NSRERT[E]Y it (Suez)



Exploitation Sites of Natural Resources
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INSROP®D & i (20004F B o> 2 )
QNSRPEEZEF AT - INSROPHFZE . @ 7 SA15H % H & s T Kanda-
laksha ] 1245 NSREBRWIIENFE T . AL S IXINSROP Symposium Tokyo 95 (19954F
), A Aul ACAEMEE (2B T D E R — =i J(1999F) BLOERRE 7 +—F Afh
FAT<ALDUE : T L TFHIELD J(20034F) TR E S IR D ama 1472,

ONSREZEAIZ B UK A0 2 HIERBINT S AT AGPSEAT & 2 1 X BEEMIIT 25 P BE,

@BFEMAT OEHIAR 50 BCTITEM N HT-D21", Ths, GREFHUEEIL18",)

@RI KK I EiEE E47,000t O BEE AN L3300 57, (36.3(EH) 725,
R EYINE2200 5 5, (24.2(E ) Th A,

@ONSRIAT DEML= A = IR R DOHUAT AR DB THETE T2 R REME RN H 5,

A, BB T2l —ar K& :1953- 199G N EE Y T—42 FH

(1) NSR#ZH finis B2 (1)/(2)
Winter period: 42—A46 1.2
Summer period: 29—31 0.83

(2) SueAZH g 36 (1.0)

B LiEDEEI(ITX1990FZ2 DK FEZFEAHLI=t O TILmIE O B OB BE /2 oK 12 LS AAMT
ITMEREDNEA L, 40%D FREED AU R3SeoiL, Suezfit B LD AFIEEER L >TLV =,

111 &ZAM, 201 24FEIREE.
MEDMMBREERIEICEYILBE RO KINBELBMAMITLOTEoT=. —NsrEit




(2) NSRALAT DR & 1%
NSRILAT DA A —¥

MoK Efs ( lce Strengthening Ship) X8
WHOKARIC B ST MOKRERR ORI B9, &Rk

MoK Pfe KA THEIR Ok L SITIEF L CERTE Dice rule i/ L7oiiE

Mt 7K PE RS D RFE - oK AR E 22 EpEin L Y &, &2 L ABulbous Bowxa £ O1HE & o 11—
R 232N, i/ /N T A NEREE, Wi TR - KB/ Open Sea (FM¥EIEAAT)
WATSE - v > 73170 1Ice Passport DD FHE

Convoy : B 7 DJRF FIHOKM OIS KRR « TSR 23 B

feEdEE - okifE~7 127 (FPP) , AzipodE@ AR EARYRTORS) Z#LHE(H

MRDFELR  IREETOERBENYE TIX0il Tanker . Bulk CarrierXETH AN, 5B DPE
SE(BIZIXING Tanker, Container ship. Cruise ShipZE D A7 ARMADHAT IS LB,

1

I

NSRE{TLNGHR Tl
& KD =612 MM
D7EW EEIEE MR
REED,

—Yamal LNG C. Concept




e I8 studied for DNV & MPGs¥6
e ' = NAMIship motion 1.wmv

studied for DNV &

£ ; - _ MPGs¥manhattan@8078 16H 208%
el ey & i AT : ; 145> -9V 8B A H1(1:RZ2

4% Vi3 : S.S.Manhattan:L=307m,18Mt 43,000ps h=1.1m




§ 3 NSROIFIK LR E

@ty 6 A HE
I EHES : SVEFSVE
(obs.)+ 5% E(adhoc obs.)
@ B AtBB oBUF~DRE
@+t E, ®EDILHE~DRIE

§ 3 NSROIIR & &

(8)1a ¥ 7 OIVLNGHEHIY 1 b & fh
(1) Prirazlomnoye in Pechora Sea
Oil --> Mulmansk by IT
Sovcomflod
70000dwt Shuttle Tanker
Mihail Ulyanov 2009/May
Kirill Lavrov 2009/Nov.
(2)Timan Pechora -Varandey
pipe line transportation.

= Europ 3 IB Shuttle tankers
Vasily Dinkov
Kaptan Gotsky
Timofei Guzhenko by Sumsung
(3)Stokman Offshore Gasfield
- delayed
(4)Yamal Project Oil & Gas

(5)Sakhalin2 Project LNG tanker
Mitubishi Grand Elena/G.Aniwa
Mitui 1 ship

¥

5
B

/ .:ﬁf‘ X
P?:’g
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S

tu
r - -
ERe
& r e
EAT _ g
ST
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§ 4 NSREH{LHE

Y AR 0D YK iR R
* & 7 ODNSRELH
Y NSRAAT B i
% NSR vs Suez

§5 NSRHLAT A #afig D
oK 4 BE

=, (1) v¥7OBhH
§1 EER{r—-WkafE || Putin KEEOEH(2011)
— K %1% 1B — P E M NSRBEHAITEHRIZH T T
§ 2 NSRHFFEDZEhE

(2) NSR#LAT D E#E

MINSROP—feasible 2%} 7=

NSREHEDEE S Y
1997: Lunni, Uikku
2009: German

shipping c.Beluga 2 ships

2010: FH4%

SCF Balticall,700dwt 9.5days
NordicBarents44,000dwt 9.0days
Georg Ots Passenger ship 7.0days
Tor Viking supply vessel 9.0days
2011: Fh34%
STIHeritage74,000dwt 8.0days
VladimirTikhonov162,000dwt7.5d

2012: #r46%

Ob River(135,000m*LNG c.)

OQPAFEMLREE FEBL A~ DE A ~

Infra., harbor,NuclearIB, S.Ship
—Commercial Navigation




Putin K#EE D JEER(2011)  — NSR@AEHFTF O LB [ C —

(DPrime Minister Vladimir Putin:Arkhangelsk, Russia, Sept 22 (Reuters) —
cHIVVEE, 3—u o XD T VT ~OREEERENE & L TNSRIZA = X LA
- R B ANEL /REe/ & E T EEEEER S HLE & L CONSRD HEEM: % 3
* NSRIV— F ZBIRT B EE - RSB W< BENEBMEEZELITHA S,

@ NSROBEH¥ENL~DEE : <« JEM. YAP.L.EHEIL
- I—mryNRNe—Fy DT U7 RKEEMIEA~DREHE I TACRE 2/ 5 Z &
I2& V) 2 = i 7,000 nm7)> 5 4,000nm 2 55 HE
- BET DT R X —DEEDLEMEMEET D,

@K D72 Wik D B DRk : #EkE =E O THIZ L,
« HIERIERZ(IZ K B AFoK ORtFEDSHEA10EZFTET L TRKDO2WILRD B 435 £
HTHA A,
« ZTOFHEDYE &I, Sovkomflot*ZE D SITEVVERE & #& U CNSREZRH D EBRfLiE
DEBEZHMEIETWE, 5 E Ik DRI % IBITPE~D = R /)L X —ig%k
A — K7 v 7 LUEESHSovkomflot D REG X B Y R A e 7=,

7% Russian maritime shipping company specializing in petroleum and LNG shipping, a 100% state—owned corporation founded in 1995

H B HEE B T Arkhangelsk® Arctic Forum T4 /FE& 13 @BEMMITOEBE O =HIZIX « MR
HBSIEA > 7 T O/ EREORIFE « S 525K ERERMLETH D LR,




(2)NSRODEEMEILZ BfEd

7 27 IINSRO B EMBAL. BEMHITEBIZWIT TEEEY 22V T35, LATFIZ,
19974E 0> 5201 25R 12 DNSRIATHE O HERE (BX. M. BiITHEE. XERR) 2R 5,

The Mumber of MNSR Transit Ships
50 T EEEH

g a0 /f
?g 30 /
E 20
; /
<10 J

0 + , . Al

1995 2000 2005 2010 2015 | No=4g

year | T
/A |
®19974E : | Lunni & Uikku (7 1> 7> RORKEIER, Azipod E(#)

1]

German shipping company Beluga sent 2 vessels

220094



@20104ENSRLIE EF

20100 B ) B FKITHT TRosatomflot™ & & O JFF KD XD T,
A LD PERE NSRRI 2 i LU 7=,

| ) SFC—Baltica:
117,000dwt Aframax tanker Iceclass Ares (U -~V 7jings)
7 77tonDgas condensate Zf54.8/14 Murmansk# ¥ Bering
strait% 8 / 2712, KVELZE T L T B Byt o FpEE )7 12
9/6IZ2NE LT-, &tz H . NSRiE®IZIZIoHE L 7=,

@ Murmansk — i Ot FEEE I INSR 2 H 35 £ 6,000SM.,
Suez [A] V) TlE12,000SM . NSRILEREEERIICKI Sy & 7n By

@ /1K D% iE (Rossiya, Taimyr,
50Let Pobedy)(Z TNovaya- Zemlya
/> 5 Cape DezhneviZ £ - 72

X U7 [HE S TR ADoK Z#EE L. NSRS TOEF ok iR
K DMUATICHE. MUBEREBA. KRN, RBIMERE, MEEXR 2179,




SCF Baltica itenerary under ice pilotage of atomic icebreakers Rossiya,
Taimyr. 50 Let Pobedy from Novaya Zemlya to Cape Dezhnev

(Moscow Time)

_ Bering Strait
Kara Sea Arctic Ocean

_ East Siberian Seaeam““.‘ i

1? 22/08 08:00 Laptev Sea e 4 *ﬁ-’qf'h.i e

Kars Sea @ vl by S ' e

] r i .. 3
Ll "4 , @y Due 14798 i Filotage |

;o memm ) ~%. T O

S s T i 2408 08-00 L T8 1998

5t Siberian Sea |

~
AWEOTCLANARTOH D -1:_.-1‘;-rp-,-| \

hihts

actual itinerary (dates marked in W
i/ 50 Let Pobedy itinerary




@D2011FENSRWLYE

20114513334 SNSREWiHE L 7=, PERIT

155 : IR & (682, 000tons), 3% : bulk (110,000tons), 4% : miE Y ()
(27,500tons), 2% : —{x&EY), 105 : NXT7 X MREE FHKI8275tons

i )Perseverance :

Murmanske 20117 H ZRIZHft. 70,000 tons of gas condens&tfs A Caverage
speed 7.6 knots 151 THEM L 7=,

ii )Panamaxtype tanker “ STI Heritage” :

2011F7/19ZMurmanske Bf#18/16:2 B B~ 1 Map Ta PhutZ 5V 7z, NSR%
average speed 14 knafs3 [ [i] THIAT L 7=, E#1361.000 tonggas condensate
(for Novatek, Russia’s second largest

gas producer Th 5,

RIAZH -

Ship Type:Oil products tanker, built: 2008,
L x BxL/B=228%32x%7.13

Gross Tonnage: 40,865t,

Dead Weight: 73,956 t




i1 )Vladimir Tikhonov “Suezmax tanker owned by SCF Group (Sovcomflot)

160,000 tonnesleadweight (ice-class 1ANSR¥LITH OB K& v b —

gas condensatargox 1&.5,
2011%-8/31. New Siberian Islands archipelagaltfi] D 7K DZEHT LU L— K
Z 18> CCape Desire (a cape at the northern end of Sevetand, in Novaya
Zemlya,Kara Sea, Russiax>Bering StraitoCape Dezhnew(the most difficult
part of the high-latitude route from Europe to AS&’CO)}_?T&Z 200 HE 2 7.5

EI (12 ZktS) Tﬂfh{‘lﬂf 1/77:—0

FROER -

Ship Type:Crude oil tanker year built: 2006
LxBx L/B=281x50m x 5.62

Dead Weight162,397 t Gross Tonnage: 87,14
Speed (Max / Average): 15.5/ 14.8 knots

| o T|,u:.-,| ||||||||
..................

JRFRoKAR2E  “50 let Pobedy and “Yamal” 75>::7\ o— L7z,
Z OEIZ XD NSRIFLES 1 X IR DBENLIE D SRR T X 72,
(DA = AL B~ CHEA THARE 0O KM 72 Fll g
QP XY 7T OIILNGEEHE Y1 | (Barents, PechoraKara Seas 7> 5
I~ —72 v b~ OEE RS TR R CERISAYIZ B
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@ LNG tanker “0Ob River’ from Norway to arrive in Japan

INVANVT 2 A ME201211H 7 BIZHHL L FMICI2HS HIZAM L7z,

NSRAUATHIMIZ11H9H ~11H18H (10BR) <T. Ji itk (50 Years
of Victory, Russia, Vaugach) (ZJ/cE S i17-, Barentsif#. Karajdd KL
2o =D RapteviEDVirkitsiy Str. /> 5Bering Str. (Cape Dezhnev) [H]
13#930cm Dyoung ice AT, (11H & U TIXFHELL EIZHEV @ sgn)

Ob River® (Gazprom?F ¥ — & — 134,738m LNG carrier) [ZLNGHAE L
THJ6O TNSRILIES 2 @1 L CNorway:Statoil’s gas plant in Hammerfest)»
5 HARDFHIZINGZEA TS, LNGRE D tank EERITZEE D/ 72 W ERVIR O
ETE DIV, BARKEEPZITITSWERREZ LTS, ms—vosH)

eOb River|ZA4EM10 A I IXZEm CNSRITKE 2 L CHB Y . A0l & ftdC
NSRILHE D ] BEM: 2 FE3E L 7=,
o 2 T A TEFEH AT 0 $543 H 2> HNSRERHI28 B & 35% Dt H A,

KNFE: ING tanker. B¥E4E: 2007. L x BXL/B= 288X 44 mXx5. 18
b B 100,244t, sMEBEE MY 84,682t A (FKKR/EH): 11.6 / 11. 6kts




“Ob River”



(3) AL 7itiEETHA AL, LNG HEAIY 1 &

IR TDINLYE, hoE. VIILEESLUVEDH /N
ZDREIALTIEAAMIL . HADEEDRHAIWNIIEENTES
NTLVSD, CNENSRZMITY S /K fin TEHNE T HETEITH S
TEEDIREI A FOMIEE IE, MELVREZTR TH5,

1) Prirazlomnoye in Pechora Sea
2)Timan Pechora/Varandey

3)Shtokman Offshore Gas field in Barents
4)Yamal Project Oll & Gas

5) Sakhalin Project 2
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1) Prirazlomnoye in Pechora Sea

@ Gazprom,Sovcomflo&Sevmomegaz:
marine transportation of oil

@ Prirazlomnoye offshore field —=Mulmansk: moored floating storage &
offloading vessel(FSO) 6.5Mton/year

® Shipping: Sovcomflod ordered70,000ton DAT shuttle tankerx 2 *
to Admiralty Ship Yard

@ * Ship Principal Dimension
L x B xd x LB x B/d x PS
259 34 14m 7.62 2.428.5MW (1.165PSs)x2set with Azipod,
Vs=3kts in 1.2mlce
® Ice Class RMS(Russian Maritime Register of Shipping)LUG6
Lloyd’s Register of Shipping:1A Super Ice Class

® * Sister shipice strengthening tanker : no Bulbit ik 2> h—
1'st Ship:Mihail Ulyanov 2009 May
2'nd Ship:Kirill Lavrov 2009 Dec.
Prirazlomnoye oil field-floating terminal’Belokamenk a”

£ Shirase:30,000ps3kt in 1.5mlce  HP(U)=30,000x 34/28x (1.2/1.5 “2=23,300ps




Admiralty Shipyard, 31.10.2008 Aker Arctic
M/T "Mikhail Ulyanov”




2) Timan Pechora: Varandey

@ Port Varandey is located on theBarents Sea coast of Russian Arctic region
It is theexport terminafor Naryanmarneftegaza joint venture betwednukoll

& ConocoPhillips operating in th& iman-Pechorail producing province of
Northern Russia.

@ Oil is transported from the wells in Timan-Pechorathrough a new 159km
heated pipeline(530mm® )to terminal.

® B Shuttle tankers owned bySovcomflottransport fromVarandey to Europe
& USA

IB Shuttle tanker : 3 ships with AZIPODs, Ice Class LU6, 1AS
ordered to SHI:
Vasily Dinkov
-Kapitan Gotsky2008)
- Timofei Guzhenko

Lloa x B xD xd x L/B x B/d x PS X Vs x Vice

256 34 21 14 752 2.420MW(2.7ZBPS 16.0 3

(hi=1.5m

@ Special hard paintto resistext. low temp. adhesion, fully encl.
nav.bridge —40c.degwinterization (anchor,sea chest,lifeboat..)




World's first Arctic Oil Shuttle Export Aker Arctic
system now in full service with three
70.000 tdw Aker Actic DAS™ vessels, = Fﬁi |
built by Samsung - f

= Another new Aker Arctic DAS™ concept design
= Direct export for onshore oil

= Third vessel "Timofei Guzhenko" delivered last week

= 1.7 m icebreaking capability by 2 x 10 MW pods, ice class ARCBH
= Vessel awarded Korean High Technology Award

‘JI i Loa x B xD xd x L/B x B/d x PS X Vs x Vice
Il we== 256 34 21 14 752 242 20kANZHPS 160 3 '
— pis = A% i
Ly ] [
:I:Lh

®=19




3)Shtokman Offshore Gasfield in Barents
D E

@ One of the largest gas field3.2 trillion m3 located 290km west of Novaya Zemlya
650km northeast of the port of Murmansk

@ Export are expected to commerce in the first half of theext decade,
with gas being piped ashore from a subsea wellheadmpletion

® Gaswill be processed at the rate of around 30 billiom3 /year and liquefiedat plant

near Murmansk producing 15 million ton of LNG and transport to American
market

@ 10-15 LNG carriers needed for the first phase of this project
@%E'C“E’szo

— BAREBEEA*)

20094, KED YV = — VAT AMPEIZ LV KEHBIT O AR v N SERINTHHZIZHE 2D F
(272 o Te . TERD BERMITRIRT A 244G L T X 720 A 77 v ARl A< F 1122
K7 IHRBIESR OB RR I e o T2 T2 01 B — Lo ) Vv = — N = T — 2L
THRERE o7, BV T ORIKRTADFEENBY ., Yay b7~ T AHBARIIME
BIEEY SNDHFEITR - T,

2 TSR OLNGE #E AR & OEEZ O H & L bIT, P AERBEFEICBIT HLNGE
EHEEBOR 2 BB Lig 7,



4)Yamal - B THH| S 315 LNGO fi i £

Um: LNG Shrategy Implementation .
AT RN

El setocige gt pras’ Lommida " -—
e l-—hvlllllll-\--hhl-ﬁ—llu-l I-ihlllﬂh? =

LNG Shipping Scenarios

r—
'I-m_ F e e et e “
Yarmal-mos
o S V% mam
1702 e = - "'--.,_‘_h..-.._.
Sturdard i o ‘F) =
ionker clmm "_ e & -

BA5—2 45 rraesm
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Key issues to be resolved

o
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2,
£ M
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283 mern, F - ——— ASIA =S
- N ‘I,- \.\
\ X
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! N e emp——
¥ ‘\, Secandard
% tanker class
;-* 265 mem
F I

Shipping Scenarios

¢ Target markets ¢ Direct fransportation to marksts
+ LNG camier design approval ¢ Transshipment
+  lce class, Winterization & LNG tank system * lce-free port or Ship-to-Ship

(Mass, SPB, membrans)

* # of ships required

+ Combination of different options

Tests conducted by Aker Arctic confirm that the LNG Carrier design

is able to provide all-season independent navigation



Yamal LNG Carrier Concept

L~
‘.

NOVATEK

Based on operational experience from ice class tankers at Lukoil's Varandey project

(Barentis Sea) and Norilsk Nickel's arctic operations

Main concept - Double Acting Ship (DAS):

Bow — forward movement in open water and thin ice

«Astern — reverse movement through thick ice and ice ridges

«Three shaft propulsion system (two AZIPOD's and one center shaft)

lce model tests have validated the Arc 7 170,000 m? LNG Carrier basic design

*lce going capabilities: 2.3-2.4 meters (even ice)

Confirmed speed:; 19.5 knots in open water and 5.5 knots in even ice of 1.5 meters

H B2 : http://www.akerarctic.fi/AARC12_Pospelov_YamalLNGrodic%20Passion%20Seminar_2012.pdf



5)Sakhalin 2 Project

@ World’s largest integrated oil & gas projecton

Sakhalin isl. in the sub-Arctic region of Y
. . YAY UL i RT b  FrAy
Russian’s Far East . \Q (s
a7y - :
@ Project: Gazprom,Shell,Mitui&Mitubishi and » AN E 4SNP

U

Incorporates Russian’s first Liquefied Natural

Gas plant and associated export faciliti@Sipeing [gg
W o ‘H‘/\Uo‘/l o
@ In 2004, a Japanese-Russian consortium was T4
established by NYK & Sovcomflot to ship LNG _
from the Prigorodnoye terminal near Yuzuno- e > Y K mimss 774
Sakhalinsk in Russian talapan,South Korea& ¢ \ ¥
Baja Calfornia(Mexico) .P' -
@ LNG carrier x2 ordered to MHI , 145,000, e g '__ e
Class 1C (0.4m) Grand Elena/Grand Aniva, AN
(Principal Dimension) S b | by ks o

loa x B xd x L/B x B/d x PS xVk(S) x type O.Y/LNG
288 49 115 5.755 4.2&@3,600kwW 19.5 Moss 1

@ LNG carrier :1%: Miti (Moss), 2&:HHI (Techni Gaz Trans)

) Sakhalin 1:
Gas: Site(pipe line)—Dekastri = Vladivostok

il :Si i ; BB KBTY (RILEEE)
Oil :Site—Dekastri —by i /K i — i H i KBTH (RILEERE




The Grand Elena is one of two LNG carriers constructed for the Sakhalin |l project.




§ 4. JLiEBMEENSROER{LDERE

(1) FEEMBHESIOZDOu T T RASHEE
NSRS D & AT~ — E B iitNe twork O B CRREE BUENL M 2 MR LI ERE
i SIS & L C O EKERIRESL L FIEA CETRBHR Y1 RS ORRIN, 7 7 sk - +)

o1z T NSRALES B GEITHEA : Ice class@® , Ice passport® . BITEN. JFE+ I
KARSTEE - - ) OAfEL

o1 VT R IR AR D BE R & fENL
NSR (2, 550nm) DFE(iF & A > 7 7 - KO IERE(L., AKER, BEEME. MR
KBTS 2T AT O e ST
R TRUEE, HAIKH DS
SKUBPFEM D LR ERE - W (Nvy | AV — ING, T B e -)
KUERRA T D% L - MEBE. B 77 (Open sea. Ice sea : Broken ice/Level ice)
L M, REE, EEE etc
KV ER BT R B R EE DfESL, 011 spil x5 - fiifE
K ES ) DB A T

JbiE¥Eterritorial claims®IN by 5 countries etc @ wu mrimes soimmmasns



OoFENERNZDEERMAEILLBRE~ADT7ITO—F
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FEOT 7o —F  BFEME LT XX DTCOZEGROMWIR,  F-8% DRRFEIEE., s T/
AN R AIMEE RS~ IR, vy, BT U7 A, T 7V iR EER
JbtEHE~D R[> : CAA(Chainese Arctic and Antarctic AdministratiGB¥% £ 2 22 /A=

PE AL BRI A MG« BB 12345

FAAR KRR - FEMREN A 201%FE £ TIZ27F]
AL A ZET - BT bR DB EUR - AAVRHRRE 2 —EIRICKT T A AR S

MM R (FELME) IZARFITEDS,
O45 % OALEDOBHRR) « ERIBORIREIZHEE N Z2FF O L2 LA TWD, —ihEsEE O FHEIZ
HOEITHEICR L, bz \EIEOMPETH D & Tk LEREORE ZRD TV,
T FrancoisPerreault
QF Z-HEEBIGO DEBEESZHET 5 L O BREHIFR S IEH W Rnn, FEORFE T
FHRENDIE, AREIITENCR T REXFLoEREEFY >oH %5, 1 Calitlin Cambell

B ALROKIR— RIS £ A 2 FTRBNE : 1) AMEIER, DRIRIRGE, i) Y
TEIR, i) AR o7 B FORESIREEE —  PEDES |
TRy VIR E B AL 2 —H) T 2008 F LR R S — I
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hEOHRETERB KA
“M/V Xuelong(=e) 7
1993FE 7 7 7 A FH#liE 2007 et

L X B X d X HP hi levelice VS
167 22.6 9.0 17,900 FPP1 1.1mX 1.5kts

First Chinese polar research | cah =g e BA5E 5k 1
icebreaker

Aker Arctic has been selected for the conceptual

and basic design of the new Polar Research The polar research icebreaker for China
Vessel for China will be dESlgﬂEﬂ to accommodate a total

of 90 persons and will have a length over

all of about 120 meters, a maximum
breadth of 22,3 m and draught of 8,5 m.
The vessel will have the ability to break
through 1,5 m of level ice at 2 to 3 knots
speed, including multi-year ice. The
vessel will be fitted with twin azimuthing
propeller drives. lce class will be PC3
and the vessel will have dual
classification from China Classification

Hi 8 - http://www.akerarctic.fi/passion_5.pdf Sﬂ'ci&w {EES} and Lloyds Register {LH}*
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(2) dbk#m¥Eterritorial claims T e

Exclusive Economic Zones (EEZ's) of the Arctic coastal states . .
—— Russlan Claims = AT H—N\—: (L,
—— 200 miles 5&%\ Es %si

- Agreed Borders

TRy -AT 8. {#.
b, 8, EU
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tdHE00F7D
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% http:/len.wikipedia.org/wiki/Arctic_Council



Russian
MRS

Small open ig

EMES has ice strenstheming notations $or navigation m small open ice to close perennial wce.

Hotatior

Iee dezenption, .

TL

Independernt narigation in the Arctic m samrmer and aabamn in higlt ice conditions
and in the nor-arctic freemngs seas all the year woand.

L1

Independert navigation m the Arctic in samumer m bmwken open ce and m the non -
arctic feemng seas all year round m hight conditions.

La

Independert navigation in the non-awctic seas in small open ice.

L3

Independert navization m the non-awctic seas 1n small open ice.

e L4

Independernt navigation in the non-awctic seas in amall open 1ce, short period.

hi=----0.4m

LIl

Independert navigation 1m small open 1ce m the non-arctic seas, short perod and m
conpact 10e upto 0dm thick 11 a naemizable passage astem an 1cebreaker.

hi= -- 0.55m

Lira

Independent navigation in small open e m the non-arctic seas, and in compact ice
up to 0.55m thack i a namizable passage astem an wcebreaker

hi= ---0.7m

Independent navigation in small open e m the ron-arctic seas, and 1 compact ice
up to 0°0m thick 11 a namizable passage astem an wcebreaker

hi=0.6-0.8n

N

Independert nanzation m young open awctic ice up to 0am thick m wanter and
sprng, and up to 0.8m thick i sommamer and aabanrm. Hasigation moa naesgable
passage astem an ice breaker m owoung avctio ice up to 07m thick in water and
sprng andup to 1 . threk m samaner and adhimn.

hi=0.8-1.0r

N

Independert namization m young open awrctic ice up to 02m thick m wanter and
spring, and up to 1 .Chn thick m o samoamer and athonn. Havization innavigable passagze
astem an icebreaker m young arctic ice up to 0.9m thick mwinter and spring and up
to 1 2mithick in saammer and aotonm

Finnish-SIR
Lloyd's R.S.

IC
1B

|A Super

hi=1.1-1.3n

N

Independert narization m youns open arctic ice up to 1.1m thick m owanter and
spring, and up to 1 .5m thick m sammer and athimmn. Havigzation in narigable passags
astem an icebreaker m young arctic ice up to 1.2m thick mannter and spring and ap
to 1 Ymtlhack in sunmer and aabarm.

hi=1.1-1.3n

N

Independert namgation m youns open arctic 1wce up to 1.1m thaick m owanter and
sprng, and up to 1 .53m thick m saommer and athimn. Havigation in navigable passage
astem an webreaker m young arctie ice up to 1.2m thick m wanter and spring and ap
to 1 Fmtlack in surmmer and artarm.

hi=2.1-3.4n

N

Independert navization m close young and bienmial arctic e up to 2. 1mthick m
winter and sprmgz and up to 3. 1m thick m sammer and aobomn Rammmme ranmmer of
1ce ndges. Mavization in a navigable passages astem an ice breaker m bienmial arctic
ice up to 3 d4m thick m winter and sprmgz and in perermial ice 1 summer and aatonm
with no restrictions.

hi=3.5-4.0n

N

L

Independert navigation in close perermial actic ice np to 3.5m thick inwanter and
sprang, and up to 4 Om thick m sprmmer and auborm. Eammmms ranoemer of ice ridges.
Short ranoring rammer of the vwoung and biermial close e segmmerts.

Arctic Class
7~11



(4) Ice Passport
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The Annex specifies the content dCe passport

> Concise informatio@bout the ship

> |ce class

> |ce performance curveBjagrams of safe speeds

> Safe stopping distandetween the ice breaker and the escorted sf
> Minimum permissible curvaturef the channel

> Ultimate ice thicknesagainsice pressure due to narrowing

of the channel



Ice performance curves, Diagrams of safe speeds

FEMS KBIF(BILESEE) SR

(kts) IEngine,TK IEnginE,[B
15
[ ]
= .'.
a:)_:" A -.'-
gigﬂlo .,___.__ .
A , -

/) Failure, TK

K
7

E Strength, TK

0 J 1.0 2.0 (m)
Ultimate Ice Thicknessﬁk E h

- Curves determined based on yield
(schematic figure) and failure strengttr by ice impact
(actual experimental data base)



Minimum permissible curvature of the channel

2. | Ice pressure

1- icebreakers; 2-escorted ship; Rch — channel radius; Bch-"clear channel beam

Ice contact at M, @. @ —> The ship will stick in the ice channel
[cebreaker should break ice around @

(schematic figure)



§ 5. NSRin{TRMMODEKIEREDEE
(1) NSRin{TFHAMME D B

NSRi{T@ i (E. BB R KER TGO 7O RF A KK
[CTZRa—bSN THEF TSR KERNEREGSHTHAD,

KB : KVENATEEIC LV EFEDice ruleZiii/z LETE DKL/ KEIZHE 2 A
2 6 ofn. Ice class 1ASCKEOQ. 8~1.0m) FBETHSHH . Yamal LNGHSD L 9
IZLU8 class (OKJE2.3~2.4m) Z#iF+ 585 L H 5,

[RFNBKBDIEE : KEDONSRHLIEIX, 2 THFFOER T, KINEMTH H5%E
AERE ., JRTFTIROKARXN2, 3ETIHE L T A B L. MHKER oK S v7-K
% (Broken ice channel) # % fEfE3 2 L% (Convoy) & & 5,

* Russia operates six nuclear—powered icebreakers: Russia, Soviet Union, Yamal, 50 Years of
Victory, Taimyr and Vaigach. Former 4 of them are the Arctic class with a draft of 11 m. Latter 2
icebreaker, Taimyr and Vaigach, were shallow waters type with a draft of 8.1 m. The most powerful
icebreaker are under construction.

Broken ice HIHEAETERE : MK PAMS 1M 2 8 72 < Broken ice & 1822 « #fi LI L4317,
R L7223 BIAT 9 5, Broken ice HHEEMERE & IR EAEIE D2 >0 B HI 5 G
RIEREH DN EBE T b,

HOFELR - IREONSRINITARIFZ0i1 Tanker=C Bulk Carrier3ZZ\ D 514 D iEELHT
B & 72 2 T2 OIZIIATIMIE D & 5 BY) o en 2 BS54 O X A 7 Dl (LNG Tanker,
Container ship, Car carrier, Cruise Ship* * ) DOFATHNLE|IC/ A,




MKBEMOEE: WiKIZ “Open sea” & “Ice sea” Z¥io, HEERNZRO BHGHRIE
Bulbous Bowi& i Di@w # o 1 —BIN L < 7 A,

MAERE: BE 7 227 (FPP) iV MZAzipod(E A ERYRTORTS) EEET 5,
[EREtDARAUH]
@Ilce Sead TiX. Thin Level Ice. Broken Ice. Broken Channela DK TEREA LKLY,

@Open Seah DHEAEERED KLY,
©2H—TILIce/ Open Seaf B Tig#k. /NTAFDMIRE THREA KLY,

Icebreaker

I 1 | T- |
. Icebreakmg Tanker
Thin Level Ice

Ice Strengthening Ship

Broken Ice , . .
with bulbous bow/ with Azipod

Broken Channel _
DAT(Double acting tanker), Ice

Open Water Strengthened

i B A7 ORSEM
Hull form(lce sea Performance / Open sea)




(2) Ezi-b jk I:H:;}E 0) - EQ 95[' Eé& UT.HEMR KEIF(BILEEE)SE

QKR D EF KB KIEEERD M
Bulbous bow% Z&{iE9~5 NSRLAT FA A i DK MERE % % 22
T AHHENZ. FOKEBIZ O W THIELZEE I 5,

1) #IK fta fiH O 151
1)Arctic&Manhattan MPG

2)Arctic Operation VPG
3)Nuclear Icebreaker MPG

2)Ice Tank Test
1) Performance in Level Ice MPG

>

2) Performance in Brokdee MPG
>




OERD B KEHH 1236

CCGS R Class Icebreaker ”Plerre Radlson (from ITTC1984 repor

r. . b 1"1-,1.
.:".-.I:l:- . I". _.'" B x -‘:'

| H B Canadlan Coast Guaerw ccg-gcc.gc.ca

Built at 1978

Arctic class 3 Exponential bow
Diesel Electric Propulsion:AC-R-DC

LxBxd=98 x19.5x7.2m
Dispt.x BHP=8,311t x 13,600ps2 x FPP , ¢ =18deg.

Fig.5-63
Lines of CCGS R Class
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( 88 ITTC report by Dr. Michailidis,M. et al)
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5) Icebreaking Characteristics of Icebreakers
Piee, 6. @)
Z ~wz. OBow form and Icebreaking mode
5 > |cebreaking parametets¢, o, 3 —
Ballast WL Important to assess Ri
>>|cebreaker: Generallyge plate is pushed down
WL by bow, broken into cusped fragments by bending
o and pusheddisplaced ice plate into water.
\ S L S S ] ] ]
A7 A O
A A A

e = 2 TN
g A

”
LS N O N F. bl
B e s st e e A e e i e sl

Photol Example of Icebreaking Pattern of

o Icebreaking Ship (left: bottom view, right: side
Imaginary line by bending mode (broken &displaced ¢e) view , courtesy of NMRI Japan)

Fig.4 Icebreaking Pattern of Icebreaking Tanker



(2)Broken Ice DK (Theory of Kashteljan-Poznjok-Ryvlin—15i)
Rirokenice=R1 + R2+ R3 + R4
1) Resistanceaused by InertiaR1
2) DissipativeResistance (water resistance by pushing aditie):
3) StaticResistancede stiffnesy & Effect of lIce CompressionR3

4) WaterResistance R4

Broken Ice DK E I Level Ice PRIKEIMLYE —EBREEMH TR ELEWNZ S, L
ML. BB Y7 Kashteljan-Poznjok—Ryvliin D &R (LEnkvist D IR EH B 4k, FFKIRZEAH=X
LEEZEICOTLMBABIKOEZELRY AN-FEET. ARICHEFRE(XERICTHA
HETEETH S, CHOEHICLDE, BKEMRUL. R KB EERDL
WNMIMEICINEEZF >TSS EHEMER. R2: KA MARSWDIIE RO K%
U T AERERICKSEUEEIT. R KOMIMESEMRICLSER09EIT. Rw: K&
ZFnNTxRED,

FTAOTV BB EZEORERRIKMDIGE L. Broken IceZMeEBIAZZHEFRL. fin
B BRI A D /NS7EExponential bowX® Spoon bowZ DK fin Tl Broken IceZfnEBIA H
FUOMEARANHLIOEIIZHKRT S, CcOERZANTEERZTHIET HEEEREIZR
LMEZHETE TED,




I ce Resistance i n Broken i ce

s CT=0(OP
EN)
—_— = CT=2
- =CT=4

— —CT=6

CT=8

CT=10

(CT effect: non—di nensi on)
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Broken Ice T Ct =4DEHIECt =10DHE L T KENRD2ZFRETH S,
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(3) MWHK&Z v —DOROKEHORE L LB

Qi K2 h—D R

Dk /Open se® i@ #M1T. @Bulbo\us Bowitf, @& > #—TiL (Full/Ballast)
OHEEMERE EOBRRE : EEL O A T 3 RaEBOWR K D% E

Bz 1%, KiBiE/Open se TEM/BAD DLWV EERIRZREITETHS,

» BKIRHO—EBMREEIZCTED KS5%Bulbous Bowh B DK ERE 2 Z £ T 5,

/
/ // ‘ 3000 5.000 10.000 15.000 20.000 25.000 30.000 e - ° o
/_// “\éé,_é:// | &_1_)
—0 ——_ _ =
-10 0 10 20 30 40 50 60
S.S.9 9.25 9.5 9.75 FP Fig.z-z

Typical Conventional Bulbous Bow
Fig.2-1 Typical Conventional Bulbous Bow Tanker

H#: ISOPE2009: A Consideration on Bow Design of
Navigating Draft in Open Sea (Tanker Model ”A”)

Arctic Tanker transiting in Thin Level Ice and in
Broken Ice Channel by K. Nozaw:)



3. ICEBREAKING CHARACTERISTICS OF 0

CONVENTIONAL BULBOUS BOW TANKER

Completely different from the icebreaking bow<— Vertical stem, Buttock line and Frame line.

| Imaginary Displaced Range by compression (schematically)
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Unreafistic imaginary line (if ice is broken by bending)

Fig.5 Icebreaking Pattern of Conventional BulbouBBow Tanker (Imaginary)

Photo2 Icebreaking Pattern of Ice

Strengthened LNG Carrier with Bulb
( courtesy of Kawasaki Zousen)



*Bulbous Bowf}TankerfhZl d &R mEFHITE T < oKL KT 5,

A)Hull surface inclination angle:¥ F (Fig.9-1,9-2) 13

T Ty T 7T

tan WAL Polarstern

tang = 217 . |
tanlﬂ ‘\:\\ \\%\\ ; Ztr:
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e =90-y

Imagjnary Displaced Range by compression
Ll (schephatically T "

Tanker

W ki = arctan(t )

WF > WFrict.
f=01-02

We >Weo =57-113deg
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A PROPOSAL of Configuration of Bow to improve Icebreaking Resistance
Methods:

1) Change of Fore Draft only when navigating in Se&ce by Trim(hull shape as it is)
2) Modification of Bow Configuration:

Icebreaking Bulbous Bow Tanker (in m)

— Original
— Mod.1
— Mod.2

Original Full draft \

25

—Deeper draft

5 2 \\ For Full and Ballast
; - N condition

Original Ballast draft \ ) } /

l/ /
—Shallower 9 [
draft
/
-15 -10 -5 ) 0 9] 10 15

Fig.11Modification of Bow Configuration for Improvement lxebreaking Performance(Mod.1& Mod.2)



3.9

N
o

—
()]

Resistance(MN)
N

0.5
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— K.Nozawa: A Consideration on Ship performance iok&n Ice Sea, ISOPE99, Brest France
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