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Simulation of Ship Navigation along the Northern Sea Route

by Susumu Kishi, Member

Yutaka Yamauchi, Member

Kazuhiko Kamesaki, Member

Summary

The Northern Sea Route (NSR) shall keep its advantages in costs against other alternative
transportation means including railways or routes through the Suez Canal. INSROP Phase II are
assigned tasks to perform a ship transit simulation in order to answer concerns about the cost benefit
and associated risks in case of utilizing the NSR commercially. In order to conduct the simulation;

keeping with some confidences, multi disciplinary knowledge is necessary. Thus, Simulation of Ship
Navigation project is divided into nine work packages (WPs) and our WP8 takes the responsibility of

integrating other project results.

Chapter 1 describes introduction and background. Chapter 2 summarizes the conditions
utilized in this simulation. Chapter 3 and 4 describe the computer code developed for this simulation.
In this simulation, an effort is made to connect the ship velocity simulation code by WP6 and the ice
conditions presented by WP2. The concept for the Ice Index originally introduced by the Arctic Ship
Pollution Prevention Regulations (ASPPR) as ice numerals is modified to express the ice conditions
quantitatively as a solution, then the probabilistic relations between the ice condition and ship
velocity are developed. This method considerably enables shortening of the simulation time with
keeping rational relation between the ice condition and transit time. Chapter 5 summarizes the
results. The simulation was performed in twofold. One is the simulation named Monthly Voyage
Simulation (MVS) representing the required cost on each month. MVS is the most preferable method
to look at the general trends for the variations for transit times by season and sea area, and
icebreaker escort times etc. The other is the simulation named Annual Serial Voyage Simulation
(ASVS). ASVS aims to estimate a number of voyages per year and evaluated freight cost per voyage
as $/ton. ASVS is widely used by the shipping industries to judge feasibility in terms of cost and
profit. Final chapter describes conclusion and recommendation from the study. The capital cost and
icebreaker tariff have significant effects among the cost parameters. The tariff rate of 4.08/GT seems
to make the NSR economically feasible under the condition that the performance in open water of
ice-breaking bulk cargo is improved. The Ice Index will be a good index to quantitatively express the

difficulty of the navigation in the NSR..
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Schematics for four routes
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2. VIalv—va gl Table 2 Environmental Data

No. Parameter Unit | No. Parameter Unit
1 [Cold sum °CDay| 10 |Wind direction degree
2.1 ﬁ% 2 [Mean first-year ice concentration 1/10 | 11 |Current direction degree
. 9 R . . 3 {Mean multi-year ice concentration | 1/10 | 12 |Floe size km

Eﬁﬁ% ‘i Baskln B ZP ﬁ::’&) ‘fC UT D4 ﬂﬂnﬁg & ﬁﬁ I T:o 4 JMinimum ice concentration 1/10 } 13 [Mean ridge size (sail height) cm

. L 5 |Maximum ice concentration 1/10 | 14 [Maximum ridge size cm

(1) Northerly transit route (:”:ﬁnﬂ‘g) 6 |Level ice thickness cm | 15 [Maximum possible ridge size m
4] Southerly transit route ( Tﬁﬁ% ) 7 [Mean ice thickness cm | 16 [Mean ridge density 1km
X L 8 [Minimum ice thickness cm 17 |Minimum ridge density 1km

(3) East reglonal route (ﬁﬂﬂ;% ) 9 JMaximum ice thickness cm | 18 [Maximum ridge density 1/&km

(4) West regional route (FEARE)
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Table 1  Distances of four routes
Route name | Route point: Distance within | Distance outside | Total distance
nam ute points [ " 1or M) | the NSR (NM) )
Northerly | Hamburg to o .
transit route | Yokohama 2,446 (34%) 4750 (66%) 7,196
Southerly Hamburg to o B )
transit route | Yokohama 2,680 (37%) 4,650 (63%) 7,330
East regional | Hamburg to
route Dikson 1,326 (33%) 2,694 (67%) 4,020
West regional Yoko!mr.na to 468 (20%) 1,929 (50%) 2397
route Tiksi
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ni-. —REB% Fig. 2 [O5RT, HEY AT LITEX
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%7 360 FEEIEE T A7 Azipod & FRIZN HHEERE 2 K
L TWVWD, Ok, fEAE FEEESED TE
NTW5A, Ei. HEHIERHR 1FEKOF TiIME
BTl LTk T A BT — FOHESFXZ]S 2
LR TH D, SEKOT TR, WERZBEKRD
Azipod =822 L CHBEL T HERENH Y . BE O
EE— FOMEFXAERAT 5. FokKiENIIKER
BRic LV JAEE— FTIIE S 1.2m OFHEK % 5.8 knot,
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3 14.5knot TH 5,
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Fig.2  40,000DWT Icebreaking Bulk/Container Ship
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Table 3 Principal dimensions for the service ships

AT ARG i & LBk 12.5m, 50,000DWT
B ORKk &M TH 5, —REE S Fig.3 077, i
ERKIERE DB LT R 7 — VTR E & K RN
ERFERBMED 7 L—2 T4 X R AT fai
. WRFRIEEEENER LR T LT — A K
DREVHIRE L, HES AT L1374 —B/VER
ABFPP Thb, KERBR LY, BOKENIES 1.2m
OFHK & HE 3 knot TEMEROKFTAET, FAPHERE
XM 25,000PS (18.4AMW)T 15% v —~—Y > 2 E&
LCHeE 17.0 knot T 5. 40BC, 25BC A#KHES
EEOME TR L, AT TAFHEEEREROME
ThbH,
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1
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Fig.3 50,000DWT Icebreaking Bulk Cargo
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Table 4 IZA T I 2L — 3 CTCHWREMa A b &
T, Eia A MIEAR, RWER, ATV RR,
RRRE. PREE., BT R a— MR, B DR
xhA. ZhbOF—Fix Juurmaa®, Yakovlev®?,
AAE () XvRtshi,

and icebreaker Table 4 Cost tables for service ships
Parameter Unit Ship COST Unit | 25BC | 40BC | S0BC
25BC | 40BC | 50BC |Arktik: T =
Loa m 19B9 9f 2065 252.0) 148 0a Ship price M$ 37 66 30
O . o B . i
Top — ST isc1 ] 2200 1360 Capltfll cost M$/year 6.45 7.46 3.39
Length of bow region m 368 o511 246] 355 Cre_W‘ng cost k$/day 4.21 4.21 4.38
Length of parallel part m 86.1] 500 626| 650 Maintenance cost k$/year 473 493 560
B m 25.1 27.5 30.0] 28.0 Insurance cost
b TN MY ) U Y [ S §CTen] 10 1710 1 10
Sy 3 ol W I KS/year | 210.0 [ 226:0" | 310.0
em angle eg . . S. R 5
'Waterline entrance angle deg 52.0 50.0 43.0 40.0 SUEZ route $/GT/.year ...... 57 ..... 5.3 48 .....
b 0815 | 0751 0.767 | 0.546 . k§/year | 119.7 | 1243 | 1488
Cm 0.995 | 09981 0.978 | 0.900 Fuel unit cost $/ton 91 91 91
Cp 0817 0.751] 0.784 | 0.607 Port dues
Cwp__ 094917 0.932] 0847] 0701 *Hamburg (6days) k$/stop 78.2 84.2 113.1
;pee: 1n§fpe;:’v~<;§:; knot 14.5(2) 14.5(; 17.0(1) zo,sg *Dikson _ (4days) k$/stop 19.2 - -
umber of propellers o — —
Propeller diameter m 5.2 5.8 7.1 53 *le‘“ (4days) k$/stop 19.2
Shaff power W | 24000 | 28000 | 18400 | 49000 Yokohama (6days) k$/stop | 44.5 474 1 597
Displacement MT | 35700 52000 | 70960 | 23460 SUEZ canal transit tolls | k$/transit| 122 127 139
Gross tonnage GT 21000 | 22600 31000 - Number of crews person 24 24 25
Cargo tonnage MT | 21500 36000 | 47000 Gross tonnage GT 21,000 | 22.600 | 31,000
Fuel consumption of main engine | g/ps/hour 187.1 1 1871 171.2
Fuel consumption of GE (sea going)| MT/day - - 1.54
Fuel consumption of GE (port) MT/day 3.81 3.81 3.08

kB LY a7 —25BC

AN RS . B R O & R ICEK 9.0m
L L. 40BC L A—0RkiENZE TS X ICFBEISh
Fo. —HEERE Y 40BC LEELIL TWA A8, Lep 2% 1.9m,
B 7 24m. D #% 4m. 40BC XV /h&Ev. PEREEKKE
B A EHET 40BC OEREL W HEE LT,

ek 3L —50BC

BAE%E
EAHROEBERT 15 £, &I T%LFEL, v
— UEFEFREERELWE L, SEOEARRI.
EALLIEERVHLEROME LTHRELE, X
D HLE RO 3% L LI,
EE RBE. AT 2R RBRE)
BIEE X ORIC5 L0 RBARARBEREENS LR
L. BEEEGCESWTEDEL, AVT T 2%k
EREEE 5 EROERIRFEOTH T, BERICESY
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TEDI, RRE DR EILREIE V=0 WEEE 2,
KEFATOY R 7 IR IBE LY bR\, BE.,
RRDOIRERE X P&I (Protection and Indemnity), H&M
(Hull and Machinery)ic# L TH¥ b5, P&I ik
X Semanov? b DFALERHBES S L1z 88/GT & L7, ¥
7z H&M REBRIZBER 2 EICRBICSCTED DR S
A, NSR OHEEOART— X 3L\ DT, LERS
0. 1%L RELTHHE L., ULDORENSE 2 Do
REABET) DRREEZRDS L 1SUTFOIFH - X
PEUCIER, TREERZEDFLEZE L., £H—
108/GT LBRE L,
mE

B{E S Hamburg O #E%#E3. EFICESWTED
7z. Dikson & Tiksi O#EHE L, Semanov'® bz k3
A o & 7 In R OBBESR & Kz En i,

380cSt ® C EMEZMEAT S LIRE L. BREIEII BT
5 FEH OGS B 5 AV i,
KT 2 a— &

oK = 2 2 — F #1Z, Semanov'® b DA R RI-
ESOTEDE, BAKMTZRa— F#i3. Ileebreaker
tariff (¥ Y 77) | Ice pilot fee, Route recommendation
fee NOMWREND, ¥V T3z Ra— 22200
REAA TAR7 TR, HEEER OIS L 5T
FEFE S, Table 5 CHIFDO XY TTF =TI ERT,
20,000GT ETLOHE SN TWARNA, AL I 21—
va Y OMEMITET 20,000GT ULTHLEDOT, =
NODEZNELTH Y 72EDE, ¥V 7id 1§l
WOWTHRELh, AT a— 3 EFLCL—F
BELR>TVD, ZOREIZSOVTIZ6HITERT
%o Ice pilot %, #IMICE->T14FH1T 24 DRM
BEREN, AMBEO P TIIEME DL 1 40D ice pilot
DBLEET, MLOMEE TIX 2 4 D ice pilot PRETHS,

Table 5 Icebreaker Tariff
Iceclass of | Regisiter tonnage(GT ) Céml:amm USD/GT

vessle From o | Enfire NSR [Pari o NSR| vinter
5001 6000 7.26) 136 6.53
Icebreaker 10001 11000 6.58 3.95 5.92
19001 20000 5.49 3.29 4.94
5001 6000 9.98 6.49 9.73
ULA 10001 11000 9.04 5.88 8.82
19001 20000 7.54 4.90 7.36
5001 6000 18.15 11.80 17.70
UL 10001 11000 16.44 10.68 16.03
19001 20000 13.72 8.92 13.37
5001 6000 22.69 15.88 2382
L1 10001 11000 20.55 1438 21.58
19001 20000 17.15 12.00 18.00

3. Ice Index

3.1 fEEa—F

R 7 — FiX Riska®biz ko TR Sh., FHX,
KE HK. BAKPOKRICEIT 5 st E A TEEA
I—=FTHD, MEOEHED, MOHS (Net thrust :
KEeBDT-ODOHEIHS) B, KR TOKERIC
LWE L TR bR, ZhZ#ERMC Fig. 4 1257,
HaDHEA I, QTRD B,

Tpu,, =K, x (Dp xPD)§ 2
ST VISR, Ve FEAKFTOREE S, T, 1%
7 kN) | T ERI— FZHH (kN) | Ke X
FRET 0.782, Dp X7 ~_SHERE (m) . P, id#H
A1 &W) | RIIFKIER TH S, FokiEHiid K
DEFL D, KEFOES 19, FiokodoER WoT
b5, M, BAFOMEIHEES v, Th5.

3500

3000

2500 L
Net Thrust Available

Tce Rlistmwe
2000 l

Thrust/Resistance (kN)

1500
1000
Venip = 3 kniots
500 . i steady speed Vopen water = Vmax
0 —
0 2 4 6 8 10

Ship Speed (knots)

Fig. 4 Schematic of the solution for ship speed

3.2 Ice Index DM A

Ice Index 1% ASPPR @ Arctic Ice Regime Shipping
System Standards @ Ice Numeral(IN)DE % 54 5%
CLEEbDOTHS, IN IS 25T LMt ER
UK ERL, R KR TLRKED DI
T8 IN AhEL BRI 2o TWNE, IN MR
725 ERATHAER IR L Hil s h 5,

ZITHRET—F XY Ice Index #R®D. o
— FZMWT, Ice Index LMENTOBUELETF +
—hPEBEL, ThevIal—varFursam
FICHLAGA A THEZ BFEME LT, Tce Index X IN
EEHTOKROMEE, KE, BEEOMI, #iF ke,
JERRE, KEDOKE S, KEOSHF. gL VNI D
B, KBENDZITEEOOEBLEE LT,
3.3 Ice Index OHREH

lce Index 133 (3) 127R¥ 3 T D Ice Index : I,
I, Lo bEllsns,
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=

=T+t 3)
I : 1EKROSHEKRDOEEEZRT Ice Index
Iz KEDEEALFT Ice Index
I : BEEREE (AUPSREE, [ERMEHRED DHBERT
Ice Index

Ly 1 ERBOEEKDEEL R T Ice Index

Rk o7 9 21k ASPPR ONEAEEML T, FX
BRSO 7 5 AF2T TYPE A, =23 — MK O
75 A% CAC1 & LT, Iy ODEHEFUTICFRT, &
- FEHKE L, Table 6 XV —4EK D FEFH (Ice type)
&sk® . Table 7 X bk 7 A(ship category)H b
LK B O —4E K O F H (Multiplier) RO,

Table 6 Ice type
Ice type Ice thickness
TFY 120cm Shi

MFY 70cm=hi<120cm
THFY2 30ecm=hi<70cm
THFY1 30cm=hi<50cm

Table 7 Multiplier
Ship category

Jee type | TYPEA | CAC4 CAC3 | CAC2 | CACI
MY -3.5 -2.5 0 2 2
TFY -1 1 2 2 2
MFY 1 2 2 2 2
THFY2 2 2 2 2 2
THFY1 2 2 2 2 2
oW 2 2 2 2 2

Wie—EKDOEHEHEE : Cr & SR O HHEE : Cy
% Ot Multiplier Z AT, Ice Index : Ix PR ED
BH LK.
[,=1 45K Multiplier <C; + £ 4E5K 0 Multiplier X
Cpy + 2% (10-C4-Cyy) )
s KEDEEEFT Ice Index

I X Iy LRERRARFETROR, 22 S13SEAEK D3
BEECARY T A K DEEE C, 2 8ALL, 4. KE
BEhg kv, XG). Fig. 5 R THRRIOK BT IR & (RE
L. KEDIEW, A KE&mE hs D20 fF& LT,

Wi=4hy, hy=5hg ®)
hs
— )
N hg
= WK

Fig.5 XkE7uo77A/L

ST, B RKEFRERETHS, WS, W LkEOS
ZHWT CEAKDTz, CiE0~10 DEEZEBY, 0 DB
Bk ENRE EBVWRETH Y, 10 DB TIKED K

ETCHEBRS SHEREE L, G it W EXKEOR
o= THK R E Dr(l/km) & IV TRE) ORI RE L

7=
D hD
C =W x2r10="
=P 1000 5 ®

B, L LFEOFET EEHLE. K EDERE
EORBAZMEE FCH LTEL, RMNETT IO
T Iy RO,

I,=F(C,)x(C,+C,) )
sT. IN DEETIZ, KEOEEL, K0 18 UL
AKECTEDLNUNOBEEDR 6 ULDOHEITOH,
Table 7 @ Multiplier 735 1 ZBL 5. ThbbKE
WHEE C>3.333 o CHC,=6 OFRHTT F(Cr=1
LLTWA, = I CHOKEREE Cr kAL TS bITH
Ok E DR B R RE@ITRT & D ITEE LT

F(C)=-245E ®

T bKEDOEET, KBREEER 6 U EOEEIC
BEET, TRTOKBEEEC L CRELERT
Z -l “h# Fig. 6 oRT., T7AbL, £H
AKECEDLIBE, ASPPR OfE0EEZEET S
i b,

Present method

-2
F(CI‘) >/
-1
\ Canadian Ice Numeral
0 i 1 1 ] 1 1 1 1 1
0o 1 2 3 4 S 6 7 8 9 10
Cr
Fig. 6 Comparison for F(C,) between Canadian Ice

Numeral and present method

1o HERREE (i TR, JERETRE) OFBRET lce
Index

SKOMEEILRIR LK DE A REICHR KFTHOT,
BEREPLRDEH YRR Uk OBE%
Riska!®i=#£\>, Table 8 [ RT LD ICEDT. lo ES 3
B Mes VTR (9) ORIZEDT,

To=1 %KD Meg X o+ B4FKD Mg X Crr 9)
T Meg [EIESE 2 — F &R Tl RE & R
MEOESLTLSEERTAF) vy 7 R 2T 4 BT
TEDT,

Table 8 Multiplier for ice strength, Mcg
ce type First-year ice Multi-year ice
Monthly average temp.T | TS-10 [-10<T £-2{-2<T 0| T 5-10 |10<T £-2| -2<T <0
Bending strength (kPa) 600 450 300 | 1600 | 1200 | 800
Compressive strength (kPa)| 6000 | 4500 | 3000 | o000 | 6500 | 4000
Mos -0.12 0 012 | -044 0 0.44
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3.4 Ice Index & B3R DELE
Ice Index & ME DR EHE T F v — F OERIC2T
DRBETF—F%#Hn5 LKA ET =D, B

BF— 2 @Y ICHREbE, Z0OAREDEE T — Table 11 Adjust parameter C,, for ice
IR LTI a— Fick Vs R 2 - Lo L7, compression effect
BET—2L LT, Ice Index DEEMRIT THS 14 Arsli]t.iiia chg
KEBFEROEHHEEE, FHKE, KEB S, KE 25BC & 40BC | 0.8
BEZEAT, K, ZOBREF— &5\ T 38 £F ' 50BC 0.80

BB L € DIFHEREL KD Table 9 1757F L 5 75—

Z¥ v b (Low value =FHJH-IEH(RZE, Mean =) 40BC & Arktika ® Ice Index & My#EDEHEL T+ F

fE, High value =FP¥EHE%R®E) e L. 5IEE ¥— F % Fig. 7, Fig. 8 IZR"T, WX 2 BB L D Ice

BEDOT -5 DA ALY, 35=243 HOEABIET — Index IZ5is UCEHE U=, i iXd 5 BE% D Ice Index

ZEER LTz, XL TOMBRTRELN, TO0HE 5 BROM
FHME LU TEREL,

Table 9  Basic environmental data

Parameter Unit | Low value Mean High value 18 T T T T
Mean first-vear ice concentration 1/10 2.3 6.3 10.0 : : ; : :
Mean multi-vear ice concentration 1/10 0.0 1.4 4.0
Mean ice thickness an 27 97 168
Mean ridge size (sail hcight) cm 39 94 149
[Mean ridge density 1/km 0.0 13.9 27.7

3.5 MRAE D Ice Index & 5

= — F& T L5 243 M OBE T — 212 %5
TOMBENMEFEL, Ice Index & WEDIEH BT
T — P ZBR%E L, FEXSM13 40BC, 25BC. 50BC.
TRa— MEKIMOAMBETH D, =2 a— PRk

Ship speed, knot

ICH Arktika 7 7 2 DT HEKIS 2R L, : T e e
KIERATIZB W CIL, KB OB E L. borR

B A E < o THBULVOKRARET. 725 << B Fig. 7 Ice Index vs. ship speed for 40BC

KK MATT 5 BRIC BT 5, Z DBIEOKE & B 20

EioloTHRESNE N, FRL L THIATEREE S R < 18

BHTD, FEMITHENET T 5, OBz X B 16 |

RIFIETE /ST 2 5 % Cyy & UBHEEN K& \E DRI 140
EEZENZ LD Table 10 1S RHEICRE LT,

Ship speed, knot
=

Table 10 Adjust parameter C 4 for maneuvering
Total ice concentration Cua

6/10-10/10 0.95 4
1/10-5/10 0.97 2 |- .
0—30 -20 -1|0 (I) 1[0 2;3 30
RTOKIEHATIZ B THEOKHE RO 85 9 B % lee index

BEDBERT 5. 2 OH3ECH 272 B E .
TOBINT LY RSO ERTE & oKk DB A U
EBFabib1, KA 7 00 fe s b 5 BRI
I=FEZHOWTED -, kL KOEEET 0.1, B
KBEASPA C 5% EIY 0.8misec L{RELT, EIE/NF A
—5%CWEL\%MﬂlKiTi5KﬁﬁLtQQM
& Coo IIREIZ AT B EEMEE LTRWE,

Fig. 8 Ice index vs. ship speed for Arkrika
4. EHi Izl — g
4.1 #@=

AvIalb—aid, fiBOEES AL FoBE
F—& L Ice Index WX > TEHEN5ESHI DI
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&

E18T 5

wEE oS, Ea R L oSmEHEL. hb
AT OV THEE LT 1Mo 2 MRS
kB, ERBEAELUTICIRT.

) BEF—F L LTiBE 38 FRon T 0L
F—F ERVTWVD,
@)%%@fﬁxy}ﬁkbfzoﬁzkmﬁmm%@
WEEBEAZ BV T W5,

@) KD LHEE TR 237 A= lce Tndex % i
ALY alb—raryfdEEHRLELTNS,

4.2 TIal—TarBIBHRE
Pk R a— + OHITE

Bk & R R EMBL T X 5 NENOHEIS lee
Index #FW =, #i4TRAEL 72 5 ME D TRIT 3knots
L L.# OB Ice Index % INc & L. Fig. 7%7>5 40BC
L 95BC iz >W Tk INe=—4, 50BC {22\ Tid INe=
1L L. T7bb lce Index BT DELTIZAD L.
ki T R a— FARBL RS, BKKRIEOES A
CRDORE—FRA L MCBEEICHE TS O L RE
Ui, E4E, & BEGMT b S0 g L2 b OXRE
BEFTESEL22ob Y., Tkt Tl LizkTx
2 a— POk A BRHIcA bR TR Z LI ATEE
“hB, TRa— FOKTHEZ, ROBITI L
“Lf, TRa—FEZFTVAEES AL FOROE
Py AL AREBATAEEL Ro T, ZOES A
FaETr 12 7 A FOR (240 BR) (TR a— b
BUBEL BB T A FREETHNE D PEBREL,
GETAHBSIIIZ0E S 2 v b TRBKEERAT
S¥A, KD 12 €7 A2 FRTHEMPITTERSE
. ROEF A METRa— MERTEHETHI L

&
&

WL,
AL FRAED
Py E T BT, = AT — FPOFE— Fizxis LT

%ﬁ%fwvﬁbtoim%ﬁ%-va\%%%ﬁ

Rk & @ Ice Index & RO BMGRE AW TRD T,

BT KM ORE L EMROFTER DB XU
VERER A Dok, B AL L OBEBEN 0 OHEIE
AT OB HlRFBBL, BEER 0 XY REVH
BTk R OB i A SR U TE SR 5 BT
EEHS AR, TAT— FE— FT fWED
IRk O ENH & L. Ice Index LR oG R
BT B & RO T, st T AMER N B
A E S R bR BIKE T OB IR
Rk B AR L TEO 10%H L ERE LT,
aAbPHE

22 FEETIE., B, BEER. AT T AR,
R, BHE, Bk Ra— bR, BRAFHL

7. iERKPLZ R a—F BBICEKFT S a X R,
1EosIal—ary CHEShEAHESMT
Table 4 {7 LIBfra R F&R L TRDE, ol M
OB T 5 a X MTIBBERH L. Znid
¥ AL+ OREHEE BN ZIERER L 1 #EO
PRANER BT ICEM a X FER L TR, EH
Z b (freight cost) iXEM# = X b ZEROREXE
TERLTRDEEW1 oY) OFEa AP LR,
4.3 Ay Ialv—var

NSR ofiflE AT » ARk L FREESh, FHOE
0 Rt % TR T AR R O SEMUSAE OBAIIER T
%7, SLICBEHFEMOANORELRLA OH
ISk ERSbESL ZLETROBND, ZhbD5
n b EHEIEERECRITATETH D, ZOX
51, BERBOBETF—XICES LHBBOYI =
L—arZARS I al—3 a3y (Monthly Voyage
Simulation : MVS) &FERZ LizT 5. MVS Tidv
Sal—varOBBEY, HFAOE B EREL.
MR CHMORALNBB S, AL ERLE, &
¥ . BRLEM OB S EOMEET CABED
ST HLEBEF— X 3E xRN E L Lz, MVS TiXA
[ & OFIE & B A X OFE TIHRERICEZTERDRZ,
4.4 EMTIalb—Tar

—%5. NSR 4R OEHARFF R 21T 5 72011,
2 IFEENCIS U T NSR L A= XM a iV B 5%
REMERZBELETFERLETH D, KR
ORIz oW T, 1 4/ ThiE~Hamburg f# & et
AEEMTAZLEHEELEYIaL—T = > (Annual
Serial Voyage Simulation : ASVS)Z &l L7z, ASVS
G T EM 2 X N REREHR RS RD b,
1 &4 TR XEAOHAE L OFEMET X 5 L&A
aEE 72D,

5, YIal—ia R

5.1 Feokins V) 7 OREERNT

NSR OEHABRFANCA D SLDOT-DITE, NSR T
DEHFRENRA T XRBETOEMEKREAFDL LI
ERTWAH I EALEE RS, BMEEICIE 2 8iTH
REARPF—TAERAVE, ZORTHAKKES Y
SIIEHFRECRLEEOREVWEFLEEIDBND,
7T, FTROKRS U ZIC oW TRERIT 21T 720,
L3al—iarTHVWARENEY Y 7OEICOW
TR LT, &fE LT, Bk&Pino NSR OEfi=
2} ASFERSAS 2 = KR CEM LB A S TEAL
AREENEIES » ATEEL, EHia R FOFRFHT
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LEMICIOZ L LRELE, 220, BlRox Yy >
TIORBLHEEDLNES I, BEERVES TS
V72 OREOECRET S hE2BRELE, Bkl
WHBITZ ) 7L Z2h L0 bIES (074 %) BELE
U TZ7ERV, BEXNREVIICR L 38 £ OEYEE
?-5%ﬁth%EﬁSXFE%%L\XIXﬁm
DEM AR PE WKL, TORE, BIFTX Y 75 H
WIESEIE, 6 A~11 AmD6 » A TR XRMICH
BLTEMIX PAEWELE 2255, EFEHCEE
MazbBEY, LA UESBELEXY 72H 05
&L EM AR PRMEDEIRIZE » B LU R, ER
FH T NSR OFNERLE 2ot WRITAL I o2l
—YarTRIIVITOEELTERSBELESXY 7
0.74 %) #BATHZLELE,

5.2 MVS
RE~NCTVTBORRS I 2 b— 2> MVS %
IO 1HIBOREZ -, 40BC & 50BC ALK
EMATT 5B E R 25BC O EMIM A B 55T+
L6 D 3RETIT- 7o, MATHET 1957 4£~1990 45
THDH. Fig. 9 IIMMEEE L =2 a— L Ao H B OME
M%7~ ¥. 40BC OHiMEHHORKIT2 AT 443 H,

B/ANEOA® 307 BThB. —F. 50BC DR
DERIZZATI2TH, B/NI9AD 288 HTH S,
NSR Oi@;@F I 40BC mF78 50BC L W #ETF&E 4
DO, KHEH EIIEIZ 50BC 4% 40BC L2 AE
MCTEHRREBol, Zhik 50BC OBEAG5EH
40BC XY #9125 /v FEWASTH Y, BADEHR
BHFEICRESFETH L ERELTWS, NSR ©
HoRXa—-HEOMBABICED 288128 ~6
HTIX 50%% 8% THY, 50BC BB BERT R a—
FRBA SV, ZHIXR LMK & &S5 40BC L
D LRKEIDRL > TVWENLTHSB, 25BC L 40BC
SR CRKENZETT 525, 12 A~5 Bix 25BC 0i@
HEMBOTR a— F BEMNEL ., #iZ 6 H~11 B3
40BC BEHIMBEOT R a— AN S 45, &M
IEMB IR REEKNREB LKA LS 25 0
XL, LM IIRAEEE KO EZ B Y BAER
BOZWHEL 25 2 Lo iBIcANTHDL L E
bbb, —HEEIINEBBVICEAENIET S 0
TRESOFBERTH D,

50
e =
A"’A—_ Rpy f -
40 N |Total voyage days| 75*
35 %——n léi
BN 7
30 =
. o e —0— 25BC
B 25 e Voyage days in NSR} o | -o-40BC
20 e ~aut ——50BC
5 el sgé%
10 ;/ Y
5 =\\ lEscnrt days
0
1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig.9

Fig. 10 i3 50BC ™ 34 4/ ORI 0 EHIHNE %7 L
TWo, 2FEMRERE LTEABO 1 28065 8%
TOF DAL 4~Tknot TH5, EMMDO 8 HAvbH 1 0
H OB TiX 9~14knot 1T 5, L LTIZLDOH
B0 Laptev ¥ C OME I OMER L » LEFiE, 5
Bid Chukchi ETOMERKE V., £E@EAE LTI
RN Y THTORER/NSV, 6 FIoiEnals -

Voyage days and escort days for the 25BC, 40BC, and 50BC as average of 1957-1990

ALTT ACHICHERTRT 2 HERE bbb,
ZHIIKBBRATT R a— FE— Fivb BhiEE
— FIZBATT 2 010, Bk OfED S EWHs O i
HICAA v FTHENBELTVWAIRETH S,
25BC & 40BC OfERIZoWTix, 50BC & R kA
RLT,
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]

160 50BC Average 1957-1990
140 I l /jlf
€120 <
5« i = | | —e— Kara Sea
—glgg A Z & —m — Laptev Sea
=R — < \ —a— E. Siberian Sea
% 6.0 - E |~ © — Chukchi Sea
7 4.0 T s

2.0 !

0.0 L

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 10

Table 12 1% 34 O A2 R MERERL TVDH. F
RER L LTk, 68 ~1 0 A Tiasis B <,
@oaz RANEL D, EBMBLRBBITITILALE
(LN, BAEIZBICL o TRESE(L TS,
CRRARERICH L TC-ETHIEAER L., 1ME
AL CElT A BEVIC L THEL TSR
micktsn, =Xa—FAEHIT1 AL 7 BT

Navigation speed for the 50BC by the sea area as an average of 1957-1990

mL. 8 b 1 2 BT THLS L TSR, K
MBEELLTWAY, ZhiT—ERRZERALED
Yz X 5. 50BC iX 40BC, 25BC Izt TE < OFK
TR BB, BERLLELTAN. BREITEW,
BABNNSVERKRESFBL, ¥R Fd 50BC
BEL/NEL 22T,

Table 12 The monthly voyage cost component for 25BC, 40BC and 50BC
Capital cost Operating cost Port dues Fuel cost Icebreaker fee Total cost
ot [25BC | 40BC | 50BC | Z5BC 40BC|50BC [ 25BC[40BC|50BC [ 25BC | 40BC | 50BC| 25BC 20BC |50BC | 25BC [ 40BC | 50BC
T 754 | 894 | 384 | 260 | 270 | 279 | 61 | 67 | 92 | 2371 242 [ 164 ] 121 ] 136 163 | 1433 | 1599 1082
Tob | 790 [ 907 | 398 | 275 | 274 | 286 | 61 | 67 | o2 [ 183 ] 174 ] 127} 196 | 130 167 | 1444 1552 1064
o806 | 901 | 397 | 278 | 273 | 289 | 61 | 67 | o2 [ 165] 145 128 1 127 | 131 167 | 1438 | 1517] 1074
Apr. | 780 | 882 | 587 | 269 | 267 | 282 | 61 | 67 | oz | 150 | 198 122 | 127 | 131 | 167 | 1888]1474]1049
May | 716 | 823 | 861 | 247 | 2409 [ 263 | €1 | 67 | 92 | 143} 131 127 | 125 | 129 | 164 | 1202] 1399 908
o 1628 [ 720 | 310 | 216 | 218 [ 226 | 61 | 67 | 92 [ 118 ] 110 1 118 1 122 ] 136 161 | 1140 1241 ] 907
=7 T 634 | 735 [ 520 | 218 | 222 | 288 | 61 | 67 | 92 | 148 | 152 | 149} 1292 | 198 166 | 1184 1302] 959
Aug.| 551 | 649 | 281 | 100 | 196 | 205 | 61 | 67 | 92 | 182 L 207 185 | 116 | 122 | 160 | 1100] 1242] 923
Sep. | 536 | 629 | 268 | 185 | 190 | 195 | 61 | 67 | 92 } 168 | 186 175 | 116 | 121 | 160 | 1067|1194 | 890
=t T 577 | 661 | 285 | 199 | 200 | 207 | 61 | 67 | o2 [2o5] 108 | 172 ] 117 ] 133 162 | 1159 | 1250 | 918
Nov T G665 | 728 | 350 | 220 [ 220 | za0 | 61 | 67 | 92 | 287 265 [ 224 ] 113 ] 118 154 | 1857 1399 1041
Dee | 711 | 813 [ 246 | 245 | 246 | 252 | 61 | 67 | 92 [ 20112791190 ] 116 121 | 158 | 1423 1527] 1039
Average | 680 | 778 | 339 | 234 | 235 | 246 | 61 | 67 | 92 | 189 ] 185 157 | 121 | 126 | 162 | 1285 1391] 996
S hE TOR BN D HET B LEM T A P EKRT jj
72 b Ice Index ICI3HEARHH L EZDBND, €I T
10 4ERIC BT 5 A RNE# 2 A b LFESR Ice Index (¥ 500 °
N P 3 o
7 2> FEREE < Ice Index) #EH L7, 40BC DEE ) X IR ¢
3 o 2 °
- N > o ~— © u%
¥ Fig. 11 07T, Ebo& 348 5% lee Index & % s N ° 097
gz e - N ~ %, ° ° o® N °o o o
&L 2 R ORI IZAOHREN DS, 40BC ORT A g el et s el
o g . - - °0,” | Lo %o, o @& 4
fOEM 2 & M i 3978t THY . Fig. 11 R TERIC . s o Y °
. o
1 KOBTHRESES L, HE lee Index 7-26000 I
o & e e ~ meah line
FOWE I AT R AR LS AR S A B RE ™ !
200

B LM shA, NSR OFIfREL L CTI@aEM
FREETIEHHH. NSR DIE R R BRIk
BEZHBE. BEHOEMR R PBES 72 HREEIT
2T REEEMATT D ONRENTHSI. £I T,
R I al—3 2 TIENSR & Z2x XFEEEY B A
TS5 LEL, TOHBEEL LT, AR CRO D
N AHIEE Ice Index ZEATHZ EITLT

40000 60000

]

Integrating lce Index v.s. freight cost of
40BC (1980-1989)

80000 -60000 40000 -20000 0 20000

Integrating 1ce index mile

L
Fig. 11
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5.3 VTR, FMK COEMI I 2L —T g
BYTEBREBLMu T T E a—u v oyiEic.
NSR Z#OHICHATAHBEDT Ial—s g LR
BRAD, BEE~Tiksi BOFMIE TIT 1 HEOER 2 %
F3$700,000~$900,000 =L TEY . EAB L E
ﬂﬁ%li%h%‘\hiﬁl\NHambmg DR 12 Lesi,
Dikson~Hamburg [ FEHE Gt 1 #iEOR a X k
135460,000~8660,000 =537 L TV 5, HHE L EHHL
BOBBEE, ThEh 4,020 R L 2,397 R CHY |
ZODMBHOKBAR FOEDORL KX ABERITII O
BREEC X 5, BRSO TR a— FEEKIZOWTIE, &
MBITERT 1 A~13 B, HMAE X 238138
DE BT 50%LL L, FIZ8ANB 11 AL 85%L L&
2%, EMECIEMTOR~3 ATHY ., EBAEL
THIMMHE CE 5413 85%LU L, iz 7 H~12 B3
PR T R a— NITREL 25,
5.4 FFHT Izl —v
i ~Hamburg OFEMEHEBERES I 2l — g0

Table 13 ASVS for 40BC in 1980
) 3 3 5

(ASVS) ZAT-o e BAw R 2, MBITIME T, f
£13 40BC & 50BC Th 3, ASVS Tit MVS OfERE M
b, B3R b CRANC S ABIC OV TR = i
MZFIATHEIZ L, NSR & R @Bz 1o
DWW, 40BC & 50BC Dot E 2 8R4 7=
DB AZEE L, BET2A2EDEE DI,
10 FHE DX A OEE Ice Index HAEHTFL T, BE Ice
Index D AEE (40BC D3H4E-26,000, 50BC DS 1T
-50,000) & DB #FTo7, 40BC & 50BC WH L b
2AMNL 5 AIFAT XBHOTHAEM 2 2 F CHRIE A
50T, 2 A~6 AOBIZE Lo 0ls it 21588
WA T IEHZ@IRT 5L & Li-, 3FEHIT 1960
. 1970 F, 1980 0 3ELRBEL LTREAE,
FHERRO—FIE LT 1980 4£0 40BC & 50BC w3
fER% Table 13 & Table 14 o, ¥, FEDHES
Table 15 {277,

[Voyage No. 1 6 7 8 9 10

Departure-Arrival 0101-0213]0274-0326]0327-0506]0507-06 16]0617-07 2] 0726-0826]0827-0925]0926-1028|1029-1203] 12040113

Route NSR via Suez [ via Suez | via Suez NSR NSR NSR NSR NSR NSR

Direction E->W W->E E->W W->E E->W W->E E->W W->E E->W W->E

Voyage days days 43.6 41.0 41.0 41.0 38.2 31.2 29.7 325 357 40.3

Escort days days 18.7 9.9 4.0 2.7 5.7 5.5 11.0

'Voyage total cost k$ 1521 1428 1428 1428 1408 1203 1155 1241 1378 1493

*capital cost k$ 893 824 824 824 780 638 608 665 730 824

*operating cost kS 270 238 238 238 236 193 184 201 221 249

*port fee k$ 67 67 67 67 67 67 67 67 67 67

*fuel cost kS 162 172 172 172 202 181 175 183 240 229

*icebreaker fee kS 130 123 123 122 124 120 124

|Suez canal fee k$ 127 127 127

Table 14  ASVS for 50BC in 1980

Voyage No. 1 2 3 4 S 6 7 8 9 10 11
Departure-Armrival 0101-0212]0213-0320§0321-04250426-053 1]0601-0704|0705-081 1 0812-0909/0910-1007]1008-1108]1109-1217]1218-0125
Route NSR | via Suez | via Suez [ via Suez NSR NSR NSR NSR NSR NSR NSR
Direction E->W W->E E->W W->E E->W W->E E->W W->E E->W W->E E->W
[Voyage days days| 424 36.0 36.0 36.0 33.0 37.5 28.6 27.9 31.6 382 38.1
Escort days days| 194 13.8 9.2 43 2.7 58 8.8 17.4
Voyage total cost | k$ 1079 1055 1055 1055 892 1049 869 860 931 1066 987
*capital cost k$ 394 329 329 329 307 348 266 259 294 355 354
*operating cost kS 287 224 224 224 223 253 194 189 214 258 258
*port fee kS 92 92 92 92 92 92 92 92 92 92 92
*fuel cost k$ 140 271 271 271 108 190 156 159 168 203 118
*icebreaker fee kS 166 162 165 162 160 163 158 164
Suez canal fee k§ 139 139 139

50BC O%57% NSR B W TH AT XEEIZHB VT HE
MR TIIEMTHS, TOEEE LT, ()50BC
DRABRDES | #a X FAYEW, (QNSR ToMHEH
BUTR&E RENENTZDIZ, 50BC DOF NGB 5 &
BE, (3) 50BC DF7 7R = fEH TIIEA s A
REVWDT 40BC X LB % 16 1% 8 7% A
ELRD, WFY IR IHIBC O NWT—ERETH 2
T, TRa— FEEOEOEBERKE BRAVL S

EF, BERBERELTETORE, U0k Sic,
AERRE LR E DR TiE, BokENZERL TV 25 3
BIEASE VY 40BC LV 4, FoKBE I3/ SV SRS 28
LV /A& 50BC DA, FERIORERER LS &
KRB LR,
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Table 15  Total of annual cost, amount of transit cargo and freight costs

Year 1960 1970 1980

Ship type 40BC 50BC 40BC 50BC 40BC S0BC
Cargo tonnage t 36000 47000 36000 47000 36000 47000

NSR Number of voyage 6.6 6.5 6.5 6.1 6.7 7.4
Total cargo tonnage | t 238.000 | 304,000 | 235,000 | 288.000 | 240.000] 346,000
Total cost k$ 9147 6,304 9025 6,189 8,926 7,100
Freight cost $/t 38.4 20.7 38.4 21.5 37.2 20.5

SUEZ Number of voyage 3 4 3 4 3 3
Total cargo tonnage | t 108.000 | 188,000 |  108,000| 188.000] 108,000} 141,000
Total cost k$ 4,281 4,222 4,281 4,222 4,281 3,167
Freight cost $/t 39.6 22.5 39.6 22.5 396 225

Total Total cargo tonnage | t 326,000 | 492,000 | 343,000 |  476,000| 348,000} 487,000

(NSR+SUEZ) [Total cost K$ 13.428 10,526 13,306 10,411 13,207 10,267
Freight cost $/t 38.8 21.4 38.8 21.9 38.0 21.1

6. AxXEEE & OEHRE LB

6.1 MEBRNLT 4 YA XD —LOLR
AFCIE B Ei Tl E T X P CRbAFIZL 50BC
PR REBAOBEEMRT DT 4 YA XA —
(C-50BC) L OEMILE % #HFTT 5, C-50BC D&
2 X + % Table 16 12777,

Table 16  Freight cost calculation for C-50BC via
Suez canal
Ship type C-50BC
DWT ton 50,900
Gross tonmage GT 28.000
Cargo tonnage t 47,000
Ship speed knot 15.0
Power NSO PS 11,000
M/E FOC t/day 35.72
D/G FOC t/day 1.54
D/G FOC in port Vday 3.08
Ship price M$ 22
Voyage distance NM 11,588
Voyage days Total day 39.2
Voyage days day 32.2
Anchorage day 6
Suez canal transit days _{day 1
[Number of voyage 9.3
Annual cost k$ 7,913
Capital cost k$/year 2,488
Maintenance fee k$/year 560
Insurance k$/year 134
Crewing cost k$/year 1,599
Fuel cost k$/year 1,032
Port cost k$/year 805
Suez canal transit tolls _ [k$ 1,295
Total cargo tonnage t/year 437,752
Freight cost $/t 18.1
Cost per one-voyage k$ 850

C-50BC OffifE® 71X 15knot, EEEWEIL 50BC
LE— 47,000t & {RE LT, fidE 380 39 B, F
R OFYEEIT 9.3 B, E A NI 1818/t & 2o T,
- OiEfia A Fid Table 15 (277 L1z 50BC Oi&Eff = 2
}K%NT¢5<\$ﬁK%&fékmBCMZIX
FEDONT 4 FA XA —ICHRTRRTH S &
WHRERLAES, LELARDL, A¥Ialb—rvar
CEEL TV A IESCFHK Z U 7 13 REE T 5 7

EHERB S, 2T, RbEMIR PTKEREEY
5% ARMER ORI Z Y 7icoWnW T, b5 LAH
E7RT A RY w7 AT 4 BTV, ATXEHE LM
BEOEM IR+ ERDFEEERE L.
6.2 WIMELRAIEY TDRFANY w7 RET A
i & Bk & U 72 oW T T ORE 28 i Tl
fia X FERDI,
1) MVS T&bhit 50BC OfEFR(Table 12) & AW
THEE~Hamburg O S EMENFRFELTT
ViEfa A FEREHT S, Tabb, 1ALA
CHREERM L LT A BIFTEME R E A2 RVIEKR
ABHROE IR MEEET .
ASVS L E#E. NSR B OEMIT6A~1AL
L. kA LW2A~5HFIZAT XiEHAOE
fL (3fnME) & T 5.
o ffi 13 84T E 30M$ . 24MS$ (0.8 f&).
18MS$ (0.6 &) K Tt 12M$ (0.4 ) L Blb =¥ D,
ek U 7% 6.78/GT (H4TiE) . 5.08/GT
(0.74 {%). 4.08/GT (0.6 ). 2.7$/GT 0.4 fHk
W 1.3$/GT (0.2 %) L E{LsE D,

2)

3)

4)

Fig. 12 134V 7 LMl EM a2 2 Mo 52 5 B8 E
T, MEoOEIRITZ Y 7. ABRITO 0.76 &,
O 0.6 5, (X 0.4 %5, xiX 0.2 fF2LhLHRLT
W5, @FENI Table 15 (2R T AT XRM % 3HHET D
ASVS1980 ENFER T, AEBHERRL —BLTH
b, EEHETHHABEENRBD b, Fig. 12 7
55 50BC Ofitias C-50BC & [REl—0 22M3$D
Ak, ¥V 7 2.08/GT ThihiE, C-50BC L
2R FRRA—ICAY, BECRLLEEEND, TH
P HERE WA IR, S Y 7B KLBDL
ENdH5H.

Fig.12 T 50BC O ffiss C-50BC & [A— (22M$)
T, KR Z Y 7 (4.08/GT) A% A = B EITH L R
EOBEic, ROV NSR Bl & BT 5ICb2h>
&P 50BC OEM = R M 198/ton L2V AR T
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725720y, Table 17 IZfafiAS 22M$ D 4 — X T C-50BC
& 50BC AR T XEH THEA b Hamburg % CHE
L L =58 OEM = X MR AR T, 50BC 0K
i3 C-50BC OMBBED 2Ll LL B o>TWNS, +7i4
5 50BC X 77 25000PS T 17 / v F 2348,
C-50BC iX 11,000PS T 15 / v F & HTERTETH
D BEHHBERENKE S ERD)HDTHD, 2 50BC
DATZEBTOEMAR F2KELTBERTH S,

Fig.13 iZ 50BC DBk HiEkE% C-50BC OMEEE L F—
WL RELEEN2I R 27T, +4b5 50BC
ORER C-50BC DBEHMBIZHS LIRE LBE T
b5, ZOBE I 26MSOBE . ¥ U 7 28 4.08/GT
BITD 6 # : A BT LITER—) THROME
WCRDZECRY, THRERRENARALOLAES, L
o T, Bk B &Y OBRAK I RE % i k&5
LB, SROKRERBEHBETHILEX LS,

23.0 :
20 22M$ J
’o ; ﬂ‘/cmp result
S 200 / /,$ 0~ Tariff=6.78/GT
S e Do
T T il ot E R I T Bt
= T
170 ///;/ i X Tariff=1.33/GT
1 < :
16.0 g///
x :
15.0 :
10 15 20 25 30 35
Ship price, M$
Fig. 12 Effect of ship price and tariff on freight cost for50BC
Table 17  Comparison of fuel cost between C-50BC and 50BC
C-50BC 50BC
Total cost K$ 852 966
Capital cost K$ 268 240
Operating cost K$ 247 224
Port fee K$ 87 92
Fuel cost K$ 111 271
Suez canal fee K$ 139 139
Total cost/cargo tonnage| $/t 18.1 20.6
Voyage days days 39 36
21.0
200 22M$ /5%
19.0 i o] A

S 180 —o— TaritE=6.78/GT
2 —&— Tariff=5.0$/GT
2 170 |- — .
= = ~o— Tariff=4.08/GT
£ 160 /; g 0 Tarift=2, 78/GT
= 5‘///;;/ ; —X~ Tariff=1.38/GT

15.0 :

o
14.0 —
13.0
10 15 20 25 30 35
Ship price, M$

Fig. 13 Effect of ship price and tariff on freight cost for improved 50BC
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Bt S e R BT & . R SREN >0 RF MR BREE
FeHEBRY AN-AENLERY I 2L —varE
Fote, AMEICLYUTORKREREVFONT,
(1) LB OEHMS I 2L —a BT LT

Iy, . EROANOBRKMER. Kk
za—F A%, MilEAESOBRABKZHLIT
L, Bekie® )V 7z onTiduv 7o NSR

DOREEICEY, FREESNDHTHALID, T

nHoaR 8T A—F#RAVT NSR ORFE

S H1T O FELBMHTH T L BHKT.

@ BEAIX NIRRT A—FORTRLEELE
M5 5% -, 50BC X 25BC. 40BC D72 #K
LY EEMCER TH S, BKENE BT
# ¥»ic 40BC O 50BC O 211G & 785 HFH
BERTHH, Lo 50BC ox2a— kAHKE
40BC ItHRTHEFEVR, BEHIENED. @
FEARYTRELET R a— U AT,
Fokfe T REL LT, iz T Ekdo®E
HEEBRLEMERATHONRERERLE X D,

(3) Ice Index OEAIX, KT —¥ LisEa—Fx Y
vy AEHic. ASPPR THA I Ice
numeral #EBERC L TEEEZMATLDOTH D,
HE Ice Index 135 % DRIKRITH LT, iR S
ORER TR 5 Z L ATETHY . NSR TOR
WOHSEYERMICETHEEL L THIAWET
b,

(@) ABFZE TR Rk i 0 BAK o OYEREAI N>
F ¥ A L — Ok F Y TR
2o EFEE AU Lounz ZeduiE. NSRS
L L TRENICREIRY Lo EEXDBRD,
W1z NSR [T & o TRKiEZ )V 7BREHRED L
5B 5 H & FEIC, Bk Es OB FERE
BAMTIC R ET AR ESBROBEREITRETS
HEEZ XD,

5

NSR i 2 2 L— a3 U BEBICERSHERIZ
% WP Blo2E@Es iThh i dbiEExFE 0k
BB OBZELET. £ WP 0a—FT 4% —
L L CTHRPSNEERKFOILA— BhE, R
SR OIS B2, MREATRF R ORI =
BIr BT, £, AT EEITE R OHRBR
#_ bunker price IOV TITAE A (BF) BoZ

GFEICLVEHFT— 4 AFHEE Lz, ZOHEME
pTRALBLETFET. M. ATRIIREARREC
I EAMAOEHEELEL LT, Yy T Ty F - F
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MLz xR LET,
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