


Risk Assessment in Ice

Fundamental Considerations

e Area

e Date

 Ice-Class
 Identification of ice
« Speed/Power

« Manoeuverability
« Redundancy

« Sustainability

« Survivability

e Experience
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Risk Assessment in Ice

Outline

e Ice Class

e Access to the Cdn Arctic
 Tactical Risk Assessment
« Strategic Risk Assessment
« “Safe” Speed?

e Experience

e |ce Navigators
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Key References
For Ice Navigation™

C’na e

* And many others...
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Risk Assessment in Ice

ZDS — Zone/Date System

Figure 1: Shipping Safety Control Zones

Wew e VW W
1 gty r

0N

Table 2: Dates of Entry
[zones | 1 | 2 | 3 [ a | s | 6 [ 72 [ s8] 9 [10]mn]12]13]w]|1s]16]
Categories
AC10,CACH
Sl 1o
AC8 CAC2
Oct 18 ALYEAR
7 fugiw|Augte | Wl [ Jutew | Litw
Sept 30 | New.30 | Dec 31 | Dec 1% | Dec.1$
ACS, Aug 15t | Aug 1o [ Wl 1St | Jul 1S | Aug. 1o | Lk 1Sto | Ju.fto | Wit Wl 150
CAC 3 Sepr 18 | Ot 31 | Now. 0 | New.30 | Oct 18 | Fob 28 | Mar 3t | Ma 3t Mar. 31
ACH Aug 150 | Aug 15% | Wl 1S %0 | Jul 15t |Aug 15t | il 20% | Jul 15t [ Ju 15t | Wl 10to | Jul 0% | Jul Sto | June 1% | unetto [June 1S to| une 1St | lunetto
Sopt 15 | Cct. 15 | Cotdt | Now 1S |Sept 30 [ Dec 3t | Jan. 15 | Jan1S | Mar 3t | Feb 28 | Jan. 1S | Jon 3t | Feb 1S | Feb 15 | Mar 1S | Feb 15
AC3CACS fug DtolAug 0% | l. 25% | Jul Do [Aug 20% | Aug 190 | Jul Do | Wl 20% | Jul Do | ul 150 | il Sto |lne0tolJune 10% [June 20t June Dto| lineSto
Sopt 15 | Sopt. 30 | Cot 15 | NowS | Sept. 25 | Now.3O | DectS | Dec. 3t | Jon 2 | Jan.25 | Dec.1S | Dec 3t | Dec.3t | Jon. 10 | Jan. 3t | Jan. 10
AC2 Aug 15t0| Aug 1t Aug 15to]| Aug 110 | Aug 190 | Aug 190 | JuU. Bt | Ll 10% | lune 1Sto[June 25t [ une 25 %0 | Jume Zto|June 10%
Sopt 1 | Ot 3t Now. 20 | Now.20 | Now 0 | Dec 20 | Dec.20 | Nov. 20 | Dec.5 | Now.22 | Dec 10 | Dec 20 | Dec.10
AC 1A Aug. 20%| Aug. Do Aug. 25 to| Aug. 10% [Aug 10%]| Aug 10t Aug 1to |JU 1S5 | Ml 1t | Ml 1St | Ml teo | JU 1o [lneil
Sept 15 | Sept.30 Cct 3t | NowS | Now2 | Dec 10 | Dect0 | Now 10 | New 10 | Oct 3t | Now. 3 | Dec 10 | Now 30
A Aug. 25 0| Aug 10% [Aug 10%]| Aug 10to] Aug 120 |JU 1S5 | Ml 1t | Ml 1S | Ml teo | JU 1o [lneil
Sepr 30 | Ot 15 | Cot 3t | Oet 3t | Ot 3 | Cot20 | Ot 31 | O 15 | Nov. 30 | Now. 30 | Now. 1S
17 Aug. 20| Aug. Dt Aug 15t0| Aug 110 | Aug 1o | Aug 1o | JU 2o | Ll 108 | June 15to]June 25t |June 2580 | June Zto|lune 208
Sept. 10 | Sept 20 Cet 15 | Ot 5 | Now10 | Now 20 | Now.20 | Cot 31 | Now 10 | Cet 22 | Now. 30 | Dwc.5 | Now 20
Type A Aug. 20| Aug. 0te Aug 15t0] Aug 1te | Aug Tt | Aug 1o | JU. e | Ll 108 | lne 15to[June 25t [une 25| June Zto|lune 20t
(A super) Sept 10 | Sept 20 Cet 1S | Ot 25 | Now 10 | Now 20 | Now 20 | Cet 31 | Now 10 | et 22 | Now. 20 | DS | Now 20
Type B 0A) Aug. 20| Aug. te Aug. 2 o] Aug. 10% [Aug 108| Aug. 10t Aug Tte | Ju 1S | Jul T [ Jul 15 | Jltes | JU.Tw [LneZ0w
ad Sepn s | Sepe 1% Sepr 30 | Ot 15 | Cer 3t | Cerdt | Oat.3t | Cer20 | Cet.28 [ O 18 | New 20 | New.30 | New10
Type C (1B Aug. 25 o] Aug 10t [Aug 10| Aug. 10te] Aug 1te |Ju 1S | Jultes | Bl 1S | Wl | JU 1w [Lne2Swe
we Sepe % | Cet10 [Ceem | Ce28 | Ca® | Cee1s | 028 | O 10 | New 2 | New2s | Nev 1o
Aug 10t Aug 195 o) Aug. 1900 | Aug Sto [JU. 18 | Julteo [JU.20%w [Wh10w | JU.Sw | Jliw
Type D () NOENTRY Cees | Ceed | 020 | O | Cee10 | Oet.20 | Sapr.30 | Nov.10 | New10 | cera
Type £ Non ke Aug 100 [Aug 20t0| Aug. Dto|Aug 10t | Ju. 18w | Jul 1o [Aug 180 | k.20t | Jul Dte | Ml1w
Strengthened) Sopt. 0 | Cot 0 | Cot18 | Cee 20 | Sopt 0 | Cet.20 | Sept. 0 | Cord? | New® | Cor dt
Based on Schedule 1 of the Arctic Shipping Safety and Pollution Prevention Regulations with added row PC 1.7
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Historical/empirical approach

Zones in descending order of difficulty

Allowed access dates by CASPPR Ice Class

PC1-7 equate to Type A (?)

System rigid, inflexible ... not compatible with climate change
Depends on established equivalence with Cdn ice classes



Risk Assessment in Ice

Ice Class - Equivalents

coumn1 caumn2|  Ref: ASSPPR, Schedules 1 & 2

Category  Zone 1

a >
c £
a
3 - { =
£ g
Autle  Allyear : Construction Standards for Types A, B, C, D and E Vessels £
ass 10, o 3
CAC1 H 3
o Column 1 Coumrnz Column3  Column4 Cournt Cclumné Columa7 Coumnég Column9 Column 1) Column1l Columni12 Coumni13 w
™
s
Ardic Jul. 1to @ |nternaticnal 2
-
Class 8, Oct. 15, American Tinnish- Asscciation of Korean Lloyd's Poiski Nussian a
CAC 2 Bureau o China Nipgon Kai Swecish Ice Classiication  Hegister ot Hagisterct  Hajestr Hina Mzrtima 2
Tygo of Sh pping Buroou Claseificatior  Kyokai Clage Rulce on Socioti Shippi Shippil S:atkow Sorvcoe Rogistor of s
ftem Vessel (ABS) Verhtzs (BY) Soclety [CCS) (ClassNK!  DNV-GL [FSICR| (IACS) (KR) (LR) (PRS| (RINA) Sh ppina g
Arctic Aug. 1 to §
Class 7 Sept. 30 1 Tygo A leo Cloes AD ICZCLASS lcoClaee B'* NS({Clase locc (1A*)or 1A Supor PC1tcPC7  IASupor looClaes  LIA ICE CLASS UL or .U
]
IA SUPER IAsu:nrlqe ICE-IADrES 1ASFS 4) 1ASUPER or ArcS a
Actic  Aug.1510 Strongthani Siko Case §
Class 6, Sept. 16 W &
CAC 3 ? TyraR IcaClzsz RN ICECIASS  leaClass RY NS(Tlass  Ine (TAlor 1A 1A ImClass 14 11 ICFCIASS I1orlli4 5
g
1A 1Alce ICE-1A or ES F5 [+) orlce 1A or Arct 2
Ardtic Aug. 16 to) Strangthani Clazs 1AFS
Class4  Sept.16 ngi
3 TypeC lcaClassCO ICZCLASS IceClass B2 NS(Class  Ice (1BJer 1B - 1B lcaClass 1B L2 ICECLASS L2orLu3
Ardic Aug. 20 to) e 12Ico ICE 1B or E2 FS [1) orlco 12 orco2
Clss3,  Sept.15 Strengthen! Ciass 1EFS
CAC 4 ng!
4 TypeD lca Class D) ICZCLASS IceClass B3 NS(Clasz  Ice (1C)er  1C - 1c lca Class 1C L3 ICE CLAS5 L3orlLU2
Arctic No Entry I 10 ICFACHr F1 FSs)orira i orea?
Class 2 = Strengtheni Class 1CFS
ng!
333
Ardtic No Entry 3 TypoE leo Cloes E0 1D lcoCloee B NS({Clase ICECor=  Catogory Il 1D Ico Claee 1D L4 1 LorLU1 &m v
Class 1A 1D Ice 0 Ice Class orcal -4 g
Strongthoni 1E a2
na; g
Ardic No Entry s
Class 1 2

TpeA  NoEnty Canadian ASPPR classes from ZDS table (Sched 1, left)
Equivalents to foreign ice classes (Sched 2, above)

Type B No Entry

TypeC No Entry

« Difficulty of establishing ice-class equivalents
« Applicable for ZDS/AIRSS
e Also “Categories”: A (PC1-5), B (PC6-7), C (others)

@ Martech Polar

TypeD No Entry

TypeE No Entry




Risk Assessment in Ice

AIRSS - Arctic Ice Regime Shipping System

REGIONAL ICE ANALYSIS Western Arctic
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Table 8. AIRSS Ice Mu'tipliers

coen | omey | oeey [ TRERT] TN AT | ey, | e pmst
WATER =3 WHITE ICE - R FIRSTYZ YEAR
STAGE STASE RAR
ow T
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SECOND MU
YEAR YEAR
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o Moz “ Pory ] G (P Gord) 183 Dot
1 el
1 2
e

1 1 1 4 2

1 1 1 2

1 1 1 2

1 1 1 4 2

ai0d for wadsory bya value of+ for MEY and tiske

Ice Numeral (IN) = cumulative addition of partial
concentrations if ice types weighted by multipliers for
ice type and ice class

Eg: (C;xM )+(C,xM,)+...+(C.xM,) = IN

WMO Colour Code - Concentration

Code de couleurs de I'OMM - Concentration

{55 98 glace [ anmo ] 7-ero
<110 |:| 4-6110 - 9-10/10

0]

New loe I [ .
|:| Nouvelle glace Banqules ciriara

- Nilas/Grey Ice 1] ce
Nilas/glace grise Undathed

o IfIN=>0, “GO”; if IN<O, “NO GO”

Martech Polar

» Flexible to changing ice conditions in Zones

« Allows access outside of ZDS limits

« Allows access on basis of reported or observed conditions
e Adjustments of IM for rough or decayed ice

e Must be observed/calculated by an Ice Navigator

« CAC1/2 effectively unrestricted (outside system)




Risk Assessment in Ice

POLARIS — Polar Operational Limits and Risk Assessment System

Implemented icw the Polar Code
Oriented to PC/Type-class vessels,
vessels built after 1 Jan 17

e Fundamentally similar methodology
to AIRSS

« Allows more flexibility (dependent
on Ice Class) to proceed with
operational precautions (speed
reduction) iaw PWOM

« Some differences in definition of ice
types

e Allows considerably more flexibility
for PC vessels which are significantly
undervalued in ZDS

« No continuous hierarchy of PC/Type
except in POLARIS

f** Martech Polar
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an be adjusted for ice decay (ydlow highlight) by +1

Risk Index Outcome (RIO) = cumulative addition of partial

concentrations if ice types weighted by Risk Index Values (RIV)

for ice type and ice class

Eg: (C,xRIV,)+(C,xRIV,)+..+(C xRIV,) = RIO

¢ [fRIO=>0, “GO”;
¢ if-10<RI0<0, “NO GO,” (Type ships) or

IIGO

with operational precautions iaw PWOM”

(PC3-7);

¢ ifRIO<-10, “NO GO” (except PC1-2)




Ice Class Tables from TC “Guidelines for Assessing Ice Operational Risk”

Table 4 : Polar Class Descriptions

POLAR CLASS GENERAL DESCRIPTION

PC1 Year-round operation in all Polar Waters

PC 2 Year-round operation in moderate multi year ice conditions

Hes Year-round operation in second-year ice which may include multi year inclusions

PC 4 Year-round operation in thick first-year ice which may include old ice inclusions

HEH Year-round operation in medium first-year ice which may include old ice inclusions

PC 6 Summer/autumn operation in medium first-year ice which may include old ice inclusions
PC7 Summer/autumn operation in thin first-year ice which may include old ice inclusions

PC descriptions suit a variety of scenarios and their relationships are set to provide a smooth gradation of capability. PC vessels may operate inside the ZDS on the
same dates allowed for Type A (IA Super) vessels and make use of POLARIS when outside those access dates

Table 3: Construction Standards for Type Vessels

TYPE OF

VESSEL CLASSNK DNV-GL FSICR

Type A Ice ICE CLASS Ice NS (Class 1A Super Ice (1A*) or IA Super IA Ice Class 1AS FS L1A ICE CLASS UL or LUS

yp Class IAA | 1A SUPER [Class B1*|  Ice Strengthening)  |ICE-1A or E4 PET | super [or Ice Class 1AS FS (+) 1A SUPER or Arcs

Ice ICE Ice NS (Class 1A Ice (1A) or Ice Class 1A FS (+) L1 or LU4

Type B Class IB | CLASS IA [Class B1| Ice Strengthening) |ICE-1AorE3| A A | oriceClass1afs | M1 [ICECLASSIAL  arca
Ice ICE Ice NS (Class 1B Ice (1B) or Ice Class 1B FS (+) L2 or LU3

Type C Class IC | CLASS IB | Class B2 Ice Strengthening) ICE-1B or E2 18 B orlce Class 1B FS L2 | ICECLASS 18 orlce 3
Ice ICE Ice NS (Class 1C Ice (1C) or Ice Class 1C FS (+) L3 or LU2

e Class DO | CLASS IC |Class B3 Ice Strengthening) ICE-1C or E1 ie L€ or Ice Class 1C FS B lestelaoile orlce 2
Ice Ice NS (Class 1D Ice Ice Class 1D or Ice L4 or LU1

fype E Class EO D Class B Strengthening) (CEC orE [Category ll| 1D Class 1E 4 L orlce 1

Based on Schedule 2 of the Arctic Shipping Safety and Pollution Prevention Regulations minus the column for the PC categories, which are set out in the IACS
Unified Requirements for Polar Ships.

FSICR categories are based on HELCOM Rec 25/7.

Martech Polar . applicable for POLARIS (PC/Type) or AIRSS (Type)




ZDS/AIRRS/POLARIS Flow

SOLAS Pass Vsl, or

DG or Pollutants, or

>300GT, or

>500GT comb. towing/pushing

In
ZDS for
Type A?

Ship
Type?

—> Proceed at own risk

Optionally -

Report
NORDREG D2t eveeeecre
SSPP
listed > Apply for
lce Class? Equivalency*

POLARIS

T

Optionally

onstr.
before
1Jan 177

v

PC1-2

Proceed

*‘;" + Martech Polar

* Must use POLARIS, not AIRSS

Escort,
Op Mitigation
Avail?

> Proceed

Proceed
ilaw PWOM




ZDS/AIRRS/POLARIS Flow

Ship .
Type? 5 Procegs n risk

SOLAS Pass Vsl, or
DG or Pollutants, or |
>300GT, or -7
>500GT comb. towing/pushing

NORDREG

In
ZDS for
Type A?

Apply for
Equivalency*

POLARIS

before
1Jan 177

v

Determine PC/Type Ice Class
(or equivalence) ]

Proceed

Op Mitigation e Use POLARIS

Avail?

e |If RIO =>0, GO, if not, reroute
or consult PWOM (if PC3-7)

* Must use POLARISMIot AIRSS




Risk Assessment in Ice

lceNav™
(Proprietary system of Enfotec)

» Presentation of CIS shapefiles in GIS application

e Superimposed ship position, route, radar input

« Ability to display geo-ref’d photos and satellite radar files
Calculation of AIRSS and POLARIS IN/RIO from shapefiles
e Generation of Ice Regime Routing Msg as req’d by TC

ﬁ‘ké» Martech Polar



Risk Assessment in Ice

lceNav

[:j IceNav Projection o scttings ?

JomeBY HEOOE 0O , | ODASTHQ

+

£t M0
GEED0

i 22070

TaE e
TEANIN @/r\

\ Superimposition of CIS ice charts, satellite observations
‘;‘% Martech Polar and ship route from MSV Nordica 2017 NWP transit



Understanding and
Identifying Old Ice in Summer

ship-based observations

s

De > - -
o g 1
\} >

M.E. Johnston and G.W. Timco
December 2008

%‘\(’ Martech Polar

Understanding and Identifying Old Ice in Summer,

National Research Council of Canada
http://globalcryospherewatch.org/cryonet/methods _docs/
ICETECH 08 Old Ice Guide.pdf



http://globalcryospherewatch.org/cryonet/methods_docs/ICETECH_08_Old_Ice_Guide.pdf
http://globalcryospherewatch.org/cryonet/methods_docs/ICETECH_08_Old_Ice_Guide.pdf

Risk Assessment in Ice

Strategic Assessment (feasibility)

Average Polaris RIO - PC 6
Week 23 (June)
LW

[ Area of interest
(] AIRSS Safety Control Zones
] world borders
POLARIS Risk Index
B Opertion not permitted
100 Ice breaker escort at limited speed
Tee bresker escort required
Umited speed operation
0 Operation permitted
No ice
[59 Mo data

during Week 23, using the average RIO result from 2

[ P ? "y "R IVLA O ety e b, ™"RIVLAN ™
ecreriarns ’ & ¥ S 'YJ T ok wrs 7 AE s 7 J

— o K = e — Ovp bk (W et D
POLARIS IO o~ ORISR0 o

W Opemton sor permted - I Openstion mof peemted - ./
B e bowaer encrt o irstnd ipeedt ~-

POLARIS enables computer-based
feasibility of specific tracks, dates, based
on long-term averages of ice conditions

Median Polaris Index - IA vessel - Week 30

Median Polaris Index - IA vessel - Week 30
Ship voyage

Figure 1. POLARIS scenario risk map for a PC 6 vessel operatij

Ref: Stoddard et al, Making Sense Out of Arctic
Marine Traffic Using POLARIS, 2016

@ Martech Polar

.

(b) Intersection of RiSK Map and Route

Median POLARIS RIO Quest track length ratio - IA vessel

. Operation parmited .Ice braaker escort . lce breaker escort at imited speed -Dperation not permittad

100
90
80+

i 70+
o 60—
1‘:' 50+
5 40-
,‘_9 30
20
10+

25

T PASTAGES 3379 - LasN ETRINE

26 27 30

Weeks

3 32 3 35

(c) Percentage of total track length corresponding to each POLARIS ship limitation for a number of
potential execution weeks.




Risk Assessment in Ice

CASRAS — canadian Arctic Shipping Risk Assessment System

(developed by National Research Council Canada)

CASRAS is an integrated risk assessment system for marine transportation in the Canadian North that enables
sound decision-making leading to safer, more efficient shipping in this harsh environment while ensuring the
minimal negative impact on the life of Northerners, and decreasing the risk of polluting the environment.

o CASRAS provides a picture of risk assessment factors, either actual or
statistical, based on multiple geographic-historical data sets (bathymetry, ice,
metocean, wildlife, conservation areas, community services/infrastructure,
places of refuge, nautical knowledge, chart coverage, etc...)

& Parameters or filters (time, area, route, conditions, etc) are determined by the
user

& CASRAS then uses cumulative ice data since 1980 to calculate AIRSS IN for
projected routes and determine % frequency of passable conditions in specified
timeframes (eg: month by month)

“3‘%' Martech Polar Current content: 76 datasets; 230 GB; over 200,000 files




Examples extracted rrom CASRAS

AI RSS I ce N umera | eva I u atio n CAS RAS I nte rfa ce Canadian Arctic Shipping Risk Assessment System

Historical Analysis: Windows of operations, Ga/No Go by Minimum IN SR

12 sydem

= L T,
.
"
P T T T T T T N
H
c ;
N g: g lce Numeral (TF Canadi
g 3 * N=>=0(Go) '
> {8842
gﬁ + IN<0(NoGo) -
i
i1
E!i. istorscal Tempernture Ass t
5;32 .......
333 IR IR IR AR I SR IR SR S ST SR R % S8 SR BN SR IR A A eulations: Polar Service Temperature
§ia s - i 1 = RIS R Regulations: Polar Service Temperature
Jan Fad Mar Apr IMay Jun Jul Aug Sep Oct Nov Dac
Lowest Mean Dy Low |emperatura (LMOL T} ans Vessel
Day of year Polar Senvice Temperaturs (PST) Comgliance

Polar Service

Temperature
Mean Daily Low Temperature - 30 Year Assessment
Average, November 2nd s

Terperubre(C)

Rankin
o

¢ 14 )
&4 K
z ; (Y
k] 3,

3

kel ey

Slide courtesy of Ivana Kubat, NRC




CASRAS — canadian Arctic Shipping Risk Assessment System
(developed by National Research Council Canada)

I Pressured Ice Model - forecast I

Current work: m CASRAS - nowcast _ﬁ

Two main objectives are:

= s AIRSS Ice Numeral for Vessel Type B
- xoou 2017-03-06 18:00 UTC+0000 (forecast +0.0hrs)

9 Landfastice [ NoData MEM Undefned BBE <-10 BB -10to-2 BB 2t00 [J Oto2 B >2
7o ] S B A TN 2
i F) L& &
p o i‘i;,\\ oy s
S Y 2 RO L
I‘”’, o fv g,

1. Develop mariner
knowledge specific to
the Wester Arctic
trade corridors, with a
focus on community
resupply and
commercial activities
in the Northwest
Territories

64N ;r .
(SN
g St

N

Egg code defines ice conditions
In the “pink” reglon

A\
& i wu:—.“

ssss

2. Integrate advanced
sea-ice forecasting
models into the
CASRAS platform

CASRAS use:
e CASRAS has been used and tested onboard CCG icebreakers

« Onboard several commercial vessels (by Captains who have provided
feedback on CASRAS development)

e CASRAS has been licensed to the Marine Institute as a training tool -
Polar Code and Ice Navigation training program at the Centre for
Marine Simulations

CASRAS can run on a stand-
alone PC laptop
Cost: TBC ... SSS

Slide courtesy of Ivana Kubat, NRC




Risk Assessment in Ice

Safe Speed?

are possible

A
% ~ ABCD - attainable speed
\
y oy BGF - safe speed
v ABGF - admissible speed
Y
12 \\
0 \\
s S
. \
A
w N D
5 G
4 &8 E
F
0
o0 ot 02 03 04 0S5 06 07 0B 09 10 11 12 13 14 15 156

Ice thickness, m

Figure 2.1. Diagram illustrating the procedure of the determination of attaina-
ble, safe and admissible speeds of ship’s movement in ice

Ref: CMIINF, Ice Certificate for 70,000DWT
Arctic Shuttle Tankers, 2007

*3‘\&* Martech Polar

Russian Ice Certificate/Passport

Tailored examination of performance
for each ship (class)

Examines attainable speeds in different
ice regimes and resulting effects, to
draw limits of prudent operation

Recognizes that ships may be powered
to exceed safe speed in some ice
conditions

Examines pressure/no-pressure
scenarios, different load conditions

Proposes safe speeds, safe following
distance for escort

“Passport” issued for specific ship/
dates, assigning equiv. Russian ice class
and approving independent/escorted
operations in varied ice conditions
(pre-PC)



Risk Assessment in Ice

Empirical Approach 180 unsate
speed
to Safe Speed o
ice damage good wx
14.0 4 sustained & seas
« Enfotech study done in 120
1996 to help validate
early AIRSS work in g 100
determining how safe IR §
were & 807 poOT WX
& seas
« Safe Speed in range 6.0 1 e
2-6kts as Ice Numeral
approaches (+) 0-10 L
2,0'/_
O v ° = B & = s = =3
' Decisior: Numel;l ) ) i "
4;‘% Md rtech Po[dr Figure 12: Safe Speeds in Ice and Weather Conditions

Ref: Enfotec, Safe Speed in Ice, Dec 1996



Analytical Approach to Safe Speed:

I.l Defence arch and  Recherche et développement
Development Canada pouwr la déferse Canada

Considerations of Naval Ops
in Polar Waters

CAN UNCLASSIFIED . t
]

DRDC | RDDC

CCCCCCC

Safe Speed Assessment of DRDC Notional o
Destroyer in Ice

Phase 2 of Ice Capability Assessment

Dr. Claude Daley

Daley R&E ®
John Dolny

ABS Harsh Environment Technology Center

Katherine Daley o
Daley R&E

Prepared by:

Daley R&E o
64 Cochrane St, St John's, NL
PSPC Contract Number: W7707-175891

Technical Authority: Dr. Malcolm Smith, Defence Scientist ®
Contractor's date of publication: April 2017

Computer based simulation of hull form/
structure response to ice interactions

‘?‘\é* Martech Polar .

Sustainability
Damage control
Redundancy
Top-side icing

Sea Intakes
Metallurgy
Structural strength
Shell plating strength
Power

Hull form

Speed

Used with permission of Dr C. Daley



. Modeling of ice impacts:
' “Notional Destroyer” of ~7700t

- e Hardice, TFY or MY (6MPa)
o « Glancing blows on the bow (~fr14)
‘E e H—— 75 mwatrine  Direct Load Limit and Large Deflection cases

d

Modeled isolated floes and pack ice
y _ v’ Ice thickness variable 0.2-1.0m
e Result indicates “Technical Safe Speeds”

\

00 r T T T T T T T T 1
-100 -80 -60 -40 -20 00 20 40 60 80 100

y-offset (m)
Table 1: Notional Destroyer — Mam Particulars
Particular Beginning of Life (no ice End of Life (with max
A accretion) ice accretion)
/ Length overall 1514m
’ ‘\ Overall depth 165m
~ \ Amidships depth 140m
Maximum breadth 187 m
Displacement 7673t 9055t
Length along waterline 1428 m 1435m
Length between perpendiculars 1378 m 1385m
Amidships location® 689 m 69.2m
| Longitudinal center of gravity® 720m 738m
Waterfine breadth 168 m 170m
Draft 6.7m 75m
Block Coefficient 048 051

= Distance aft from forward perpendicular (FP). The FP is 0.80 m and 1.48 m forward of frame 0
(FO at x=0) for the beginning and end of life, respectively.|

Note: no modeling of bow sonar dome!!

Used with permission of Dr C. Daley



* Assumes shell-plating deformation acceptable...

large deflection - 5 cm ship name: DRDC_ND I : -
120 ice strength: Po =3 MPa | Marginal capability to
flex strength: sf=0.75 MPa operate in pack ice
ice exponent: ex =-0.1
100 . - . ..
ﬂgxqral model: dynam|c2 e (Cautious operat|on N
thin ice corr: no light Ki f
%0 . IE_s: yes very lig paf: .|ce o]
= \ zs_allowable =5 cm small floes, limited
o thickness
()]
'560 \X\
3 \\ o At 6kts, limited to
40 H ——2 knots ~ operations in brash ice
3 knots K\ .
T ——— « Contact at 6kt with floes
N
20  ———=4knots —— .
of 20m diameter and
& k“OtSI 60cm thickness
0 :
0 0.2 0.4 0.6 0.8 1 acceptabl-e (with
ice thickness (m) deformation)
Figure 52: Summary Plot o'f 5 cm deflection .Iimit « Increasing probability of
speed curves versus ice thickness and floe size i _
: deformation with
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Used with permission of Dr C. Daley




For 5000t, PC5, Patrol Vessel (RCN AOPS ~ 6600t)

direct ship name: PV 3 knots
120 ice strength: Po = 3 MPa 4 knots
flex strength: sf= 0.75 MPa
ice exponent: ex =-0.1 ——6 knots
100 flexural model: dynamic2 8 knots
IE_s:no
= 10 knots
80

floe size (m)
Lol
)

-
o

20

0 0.5 1 15 2 2.5 3
ice thickness (m)

Figure 63: Summary plot of safe speed curves

‘:'\’E M h P l Ref: Dolny, SSC-473, Methodology For Defining Technical Safe Speeds
7‘ drtec olar For Light Ice-strengthened Government Vessels Operating In Ice, 2018



Table 1.1: Risk Index Outcome criteria

special consideration*™

RIOsup Ice classes PC1-PC7 Ice classes below PC 7
and ships not
assigned an ice class
RIO=0 Normal operation Normal operation
-10=RIO <0 Elevated operational Operation subject to
risk* special consideration**
RIO <-10 Operation subject to Operation subject to

special consideration*

1.4 Elevated Operational Risk

141 Ships operating in an elevated risk ice regime,
limit the speed to the values indicated in table 1.2. Oper|
provision of additional watch keeping or use of icebreaker
may impair the ship manoeuvrability, the operation shoulg

Table 1.2 Recommended speed limits for e

B

POLARIS
and Speed

Ref: IMO MSC Circ-1 1519

Ice Class Recomm
Speed Li|
PC1 11 knots
PC2 8 knots
PC3-PC5 5 knots
Below PC5 3 knots

*3;“&* Martech Polar

POLARIS: Speed reduction in Negative RIOs

Table 1.3 Marginal capability speed limitations

Ship Category (ice class) Independent Operation Escorted Operation
Speed (knots) Speed (knots)
A (PC1-PC2) NA NA
A (PC3-PC5) 5 knots 5 knots
B (PC6 - PC7) 3 knots 3 knots
C (IA Super - 1A) NA 3 knots
C (below I1A) NA NA

» Acknowledges that there is not a finite point when the ship

cannot operate

+« Based on IACS ice class rule formulations




Variability of Ice Coverage from Year to Year

Single Season: Weekly Ice Coverage for the season

Percentage Ice Coverage / Pourcentage de couverture de glaces

Percentage Ice Coverage / Pourcentage de couverture de glaces

Same Week: Historical Ice Coverage for the week of

1015, seasons:1968-2019
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Variability ...
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Risk Assessment in Ice

Experience

CASPPR “Ice Navigator”
e Canadian requirement under ASSPPR for operation under AIRSS
e 30days “inice”

Canadian Polar Waters Advanced Trng Certificate
« Adv Trng + 2mo sea service in PW or in waters with acceptable ice conditions
« (til 2020) 3mo of sea service in last 5yr, of which 1mo in PW and 2mo in ice™

Nautical Institute “Ice Navigator Certification”

« Professional certification scheme introduced by the Nl in 2017

e Level Il = Adv Trng + 50d at sea as Master/OOW, of which 30d “in ice”
e Grandfathering: Level Il =90d “in ice” or Trng + 50d “in ice”

e 5yrrenewal =30dinice

¢ Canadian recognized Ice Navigators provide more than Ice Advice;
o they provide local knowledge, experienced interface with local authorities and
o a network of info exchange, interpretation and understanding of Cdn Regulations

4%#}-AAdnechl%ﬂdr

* IMO does not require the time in ice



RV Xue Long, NWP 2017




Risk Assessment in Ice

Conclusions:

o« P5 (“P***-Poor Planning Predicts Performance”)

« More info is better (limited internet is false
economy!)

e Distinguish between Old and FY ice
« Avoidance is key

« Know your capabilities & limitations
e Practice patience

o Engage experience

% Martech Polar




Questions?

GREENWOOD

M AZRVLENTST "M B

RAdm Nigel S. Greenwood
Master Mariner

4022 Rainbow Hill Lane
Victoria, BC Canada V8X OA6

1 (250) 507-8445

info@martechpolar.com
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