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A Review of Winterization Trend for Vessels Operating in Ice—covered Waters
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Ice accretions on the ship equipment and areas are the most common issues for vessels operating in cold climate and ice—covered
waters and it has effect on the vessel safety and operability of equipment and systems, thus ship machineries and structures
exposed to low temperature environments should satisfy the winterization requirements specified in ice class rules, The main
objective of this study is to review the state—of—the—art of winterization trend for vessels navigating in ice—covered waters, The
hazard of icing and how ice accretions affect operations and safety are investigated firstly, and then winterized notations for
each classification are summarized, In addition, winterization methods currently used in vessels operating in ice—covered waters
are investigated for a better understanding of effective approach and its application, This information will provide a framework
for future winterization issues to mitigate the ice accretion phenomena,
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Fig. 1 Ice accretion process by sea water spray on ships
(Ryerson, 2008)
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Fig. 2 Icing on deck and ice removal process by vessel
crews(URL: http://www.groupocean.com)

Table 1 DNV-GL winterization notation and typical design
environmental conditions(DNV-GL, 2015)

Notation Winterization Sea water temperature
temperature (tw)
R -
Basic 15 C 4 °C wfo ice class
-2 ‘C w/ ice class
K -
Cold 30 C 2 C wlo ice class
-2 ‘C w/ ice class
Polar -45 °C o C

o

AU MZ(LR)I2 Table 29 20| CH ZHX|2 FE5t0{ &
SP|lE £S5 Holst Uct o7IM (e HAH 2F =
(external design air temperature) 2A Fig. 31} 20| 22X|H
ol th7| & U =X 22| H(mean daily low temperature,
MDLT)S| Z[Xx[of| -10 'CE HE5t glo|n{, thel= C cf =
St stability F22 ice accretion values@t 20| 21en{, C}2
F5et 23kl ARBO| 7kstt EZo| Ut
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M Fig. 32t SARSH G2 MAlRTE Holsty =], of
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Table 2 LR winterization notation(LR, 2018)

Notation Intended for

Winterization H(t) Hull construction materials

Equipment and system

Winterization M(t) ,
materials

Equipment and system

Winterization MEn(t) materials enhanced

Winterization A(t)
Winterization B(t)
Winterization C(t)

Equipment and systems

Winterization S(A)
Winterization S(B) Stability
Winterization S(C)

[l RN MDHT

Air Temperature
N
g
Z
o
>

A
/

7% N
~ . St

“% Lowest mean daily average temperature
Lowest mean daily lowest temperature

JFMAMJJASONDJ
Month

Fig. 3 Definition of design air temperature(LR, 2018)

Table 3 ABS winterization notation(ABS, 2015)
Notation

Intended for

CCO Basic notation for vessels operating in a
(TDST, TMAT) |low temperature(Sections 2 through 7)

Notation available for those vessels
intended to operate in Polar Regions on
a continuous basis(Sections 2 through 7)

CCO-POLAR
(TDST, TMAT)

Notation can be appended to the
CCO-POLAR(TDST, TMAT) notation, HR

(HR HOURS) in parentheses with the total number of
hours
DE-ICE Ice removal and prevention of ice

accretion

ol "r(average), 947+ Z|X%|(lowest) Sl Mot HEH
O} EESH Fig. 42 20| o|=sH A7 [H(NOAA)AIA Helst &
& 7| 2E, sz 250 w2 = S(cing rate) = & 1
2{stal Uk

047|A the minimum anticipated temperature(TMAT)= AA|
A e MF, =M Sofl ofs Feol=l=nl, 2 2
TDST E+= Fig. 30iM Hol=l 2o 5 2% g2 A st

= Yel 2 HBECt

Wind Speed (mis)
o 20 30 40

Air Temperature (C)
Air Temperature (°F)
Air Temperature (°C)
Air Temperature (°F)

0 20 40 60 80 100 0 20 40 60 80 100
Wind Speed (knots) Wind Speed (knots)
Water Temperature = -1.5°C (29.3°F) Water Temperature = 0°C (32°F)

Wind Speed (m/s) Wind Speed (m/s)
20 30 40 20 30 40

Air Temperature (C)
Air Temperature (°F)
Air Temperature (C)
Air Temperature (°F)

° 20 40 60 80 100 ° 20 40 60 80 100
Wind Speed (knots) Wind Speed (knots)
Water Temperature = 1.5°C (34.7°F) Water Temperature = 3°C (37.4°F)

Fig. 4 Icing rate for wind speed, air temperature and water
temperature conditions(Guest, 2005)

2{Alof MFH(RS)2 WV |& BEHs| Table 42+ 20| & 742
TESI A=, Anti-lce £S5 = Winterization 35 7K1
QUX| gk Melol| = ME=|X[2E Winterization £ 7}X|" ol
= Mefof| tisliA= Anti-lce £t ZrALERRI EF0| QUch
£3| Anti-lce &+ anti—icingZt de—icing, icing protection2
1204, Winterization F&= DAT 7HEE MEA|7|
10 QA4 DAT= 5 S0 U th7 |2 "ol 2(2E o|o|sk=
O, 2 MA 2 Ao N B2 MYE 1f AFRREIC) £
gfAlot M| A9 Cle MEte| FX[Hd &
HIEOE & i A| 7|8t K22 &85l
HrCk= ok A5 7|1F S HAlske B2

< Hud

—v—Ol‘_T'_

Table 4 RS winterization notation(RS, 2017)

Notation Intended for

Requirements for equipment of a ship by

Anti-ice L .
icing protection means

Requirements for ship equipment to ensure

Winterization .
long—term operation at low temperature
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Table 5 IMO Polar Code (IMO, 2017)

Content Intended for Remark
« Part I-A: Mandatory prowslons Included
on safety measures in
) through a
Part | accordance with the relevant new chapter
SOLAS chapter ) P
 Part |-B: Recommendations on XIViin
' SOLAS
safety
« Part [I-A: Mandatory provisions
on pollution prevention in Included in
Part |l accordance with relevant MARPOL
MARPOL Annexes Annexes |,
* Part [I-B: Recommendations on| I, IV and V
pollution prevention
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Fig. 5 Win{efization test for pipe—form type air vent head
in KRISO cold room facility

Fig. 7 Winterization methods of deck machinery(URL:
http:// www.tranberg.com)
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Table 6 Winterization items of ice—going vessels

Equipment ltem

sta el x| navigation radar, antenna, satellite
system, etc.

Mok H = x| arlwchor, chain stgpper windlass, mooring
winch, hawse pipe, etc.

Mt obN x| life raft/boat, ﬁr<=T hydrant Iine,. hose box,
marine doors, life boat davits, etc.
cargo handling system, ballast system,

Mok 28 x| inert gas system, cargo monitoring

system, hydraulic oil system, engine
room control unit, etc.

walkway, handrail, stairway, helicopter
2 A deck, valve system, cargo loading
manifold, pipeline, drainage, crain, etc.

Fig. 8 Cold room facility of GMC for winterization test(URL:
http://www.gmc.no)
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Fig. 9 Design aspects of winterized deck-way to decrease
ice accretion(URL: http://www.gmc.no)
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(for large vessels not
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(o]
2
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occupied in coasted trade )
C

| 2HE o 3steAE dRlol 71712] 217 =&& fctst
0 RIS Hix|shs MA7| M5 QUcKFig. 14 AHE). Fig. 14 Winterization for cargo manifold and anchor windlass
(DNV, 2008)
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Ak,

NN N

I:I D |, Enclosed bridge wings

/ Lifeboat in protected space

Fig. 11 Heat tracing technique of deck walkway(Koren,
2006)

/

Fig.r 15 Winterization for lifeboat and bridge wings(DNV,
2008)

S

Fig. 13 Winterized manifold system of M/T Mikhail Ulyano Fig. 16 Conceptual design of Arctic LNG carrier(Legland
(URL: http://www.gazprom.com) et al., 2006)
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Fig. 18 Reduction of ice ingestion in ballast tank using
baffle plates(ABS, 2015)
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