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Arctic vessel activity in 2004 st =2

Four types of vessel activities as most significant in the Arctic
in 2004

 Community re-supply
* Bulk cargo
* Fishing vessel activity operations

e Tourism

(Arctic Marine Shipping Assessment, 2009a)
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What about Future Arctic Marine Activities?
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Uncertainties - Future Arctic Marine Activities st

 Legal and governance situation
* Degree of Arctic state cooperation
* Climate change variability

* Radical changes in global trade
* Insurance industry roles

* An Arctic maritime disaster

* New resource discoveries

* Oil prices and other resource commodity pricing

* Multiple use conflict (indigenous and commercial) and future
marine technologies.

(AMSA, 2009b)
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Arctic Marine Infrastructure — Trends (1) SAMCoT

sfi e
* Natural resource development and regional trade - key drivers
of increased Arctic marine activity:
v new Arctic resource discoveries - highly probable

v' most new developments will require marine transport
and operational support.

* Probably a slow movement of Arctic marine ecosystems
northward with retreating seasonal sea ice - may open new
fishing grounds in higher latitudes in the future.

* Plausible longer seasons of navigation will have significant
implications for multiple uses in regional Arctic waterways.

* New Arctic ship technologies will set a norm for more
independently operated, icebreaking commercial ships
(icebreaker assistance will remain).
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Arctic Marine Infrastructure — Trends (2)

* Increased marine traffic in the central Arctic Ocean is a reality -
for scientific exploration and tourism.

* The future holds increasing exploration voyages, plausible
increases in tourism and fishing and plausible trans-Arctic
voyages in summer on an experimental basis.

* Arctic voyages through 2020 will be overwhelmingly
destinational (regional trade), not trans-Arctic, driven by:

v’ natural resource development
v’ marine tourism

v’ supply/import of materials/goods.
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. SAMCoT
Technical Challenges §Fi-pu

The activity in the marine Arctic represents a number of new
challenges compared to activities further south:

* Navigation

* Communication

* SAR for ship traffic/Escape, Evacuation and Rescue (EER)
* Weather forecast

* Marine icing

* |ce actions

* Marine operations including ice management

* Harbour infrastructure

* Oil spill preparedness and response.
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Full-scale data if :
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possible

Oden Arctic Technology Research Cruises: 2012, 2013 and 2015

www.ntnu.edu/samcot



Ice Actions

SAMCoT
Full-scale observations of interaction processes  sfi .
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Major physical interaction processes:
* Novel theory developed
* Numerical implementation
* Full-scale data used
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Ice Actions

Global Ice Actions

"" * 6DOF + fracture (crushing/
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Ice Actions

SAMCoT
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v V.
(€][e]oF] Local
The estimate of a time-averaged pressure Here, a high resolution image of the pressure
over a nominal contdct area is sufficient over the contact area is needed
(Rim, 2014)
(Stonticin, 2015)

v

Useful for the design of:
e Structural elements such as plates and

Useful for the design of:
* Foundation

* Moorings/DP systems
e QOperations: IM, towing, Prop. wash, etc.
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Numerical simulator - Basis for innovation

Design verification Operation

* Structure * |ce Management
* Mooring * Towing/DP

Supplement to Ice Tank Tests
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Ice Actions
Modelling of fracture SAMCOT

Splittiyg crack

Idealised ODEN
Influence of:
1) floe geometry
2) confinement
3) inertia
Lu et al. . (2014a)

a) Radial crack initiation controlled b) Circumferential crack initiation controlled
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Ice Actions
SAMCoT
sfi o

Modelling of hydrodynamic forces

Ice accumulation and
clearing upstream of a
structure

Propeller wash effect

. |Wake closing behind a
|structure

Photo: www.lukoil.com
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Ice Actions

SAMCoT
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Integrated simulations

G,=1Nm
i sene o Local fracture
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Ice Actions

Example: Modelling station-keeping in variable ice drift

Major features:

Rigid-body dynamics

Wind/hydrodynamics

Pressurized ice

Moorings

www.ntnu.edu/samcot
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5| VeriAre Ice Physics Toolbox
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Ice Actions

SAMCoT

S : - ?es%}:ghased
v Y
Global Local
The estimate of a time-averaged pressure Here, a high resolutioh image of the pressure
over a nominal contact area is sufficient over the contaqt area is needed
A 4

v

Useful for the design of:
e Structural elements such as plates and

Useful for the design of:
* Foundation

* Moorings/DP systems
e QOperations such as IM, towing, etc.

beams
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Local Ice Actions

Rigid (or elastic) Rigid (or elastic) s
| Structural I'CSPOHSC Strucmfa.l response |
| % é, ‘ | / \. perm;{ﬁ‘e‘qg structural
: O deformations (damage)
| Ice Ice | \ P e N
crushing crushing
B+ i+ i . i ammk i i iy emi mie el amin i, v 98

Ultimate Limit State approach

(Kim, 2014) Accidental Limit State approach
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Ice Actions

SAMCoT
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Local Ice Actions

Coupled event

GD=0.0 m GD=0.24 m GD=0.64 m

Damage of a chemical tanker’s
plating caused by multi-year ice
(Hanninen, 2005)

(Kim, 2014)

Further Advancements
(SPH vs Element Erosion):

www.ntnu.edu/samcot 22
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Regional ice ‘

surveillance
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Ice Management ..

SAMCoT
IM: Top-level Feedback System sfi
IM ILRS / Arctic ice-infested environment \

IM Ice Wind Waves Current
Supervisory breakers ++
System

Ice observation system:
Mobile sensor network and onboard sensors

Ice risk management
Quantification of safety and reliability studies of Arctic offshore operations
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Ice Management ..

SAMCoT
Ice Load Reduction System sfi .

‘ Incoming ice p . ‘ Broken ice out }

Courtesy : Moran
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Ice Management ..

SAMCoT
Optimal Ice Load Reduction §Fi-em

1 R eeeeee h hased
(r 5} CE )
d

Feedforwar Feedback

Optimal
guidance & control
problem

Ice state in Ice state out

Ice breaker
operation

Challenges:
— How to measure and estimate relevant ice parameters for “Ice State In” and “Ice State Out”?
— How to model and simulate the behavior of the ice in the field?
— How to model and simulate the effect of ice breaking based on given maneuvers by the ice breaker?
— What to minimize and how to formulate an optimization problem?

www.ntnu.edu/samcot (Source: WP5, SAMCoT)



Ice Management .. SAMCoT

We need a better instrumented Arctic! sfi s
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Flat image prevailing ice condition

Petter Norgren

AUV Under Ice
GPS/Iridium/Wifi antenna re se a rc h
..

‘X‘ e H Il HG 1700 IMU
3 Mgy oneywell

P

7.
MSTL 900 kHz sidescan sonar

RDI Workhorse Navigator ADCP
LBL transducer—
Wetlabs triplet ECO puck—

Aanderaa Optode 4831 Oxygen sensor

The NTNU AUV — REMUS 100

www.ntnu.edu/samcot

Ice floe size distribution

Renat Yulmetov

Ice Tracking Drifters
- Best student paper award at IAHR 2014.

Ice floe identification

Launch and
recovery in nice
conditions.

Launch and
recovery in the
Arctic polar night
in January 2015.

Technologies and methods for sea-ice
surveillance

SAMCoT

Centre for
S 1 Research-based
Innovation
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1. Parallel channel fracturing: SAMCoT

Open channel created by the icebreaker

—> Icebreaker advancing direction

ll!lvnll

Icebreaker

)

Radial and circumferential
crack formation

[Large cracks formed

in between parallel channels

* Several cameras were
installed on Oden;

. was used mainly to

monitor the parallel
channel fracturing events.

www.ntnu.edu/samcot
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* A paper was presented in June 2015, POAC;

* A tentative theoretical explanation of the
observed parallel channel crack was offered;

* Field tests were carried out with IB Oden in
September 2015.
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2. Acquiring ice conditions based on optical SAMCoT
cameras: 8 sfi .

* Both icebreakers were heavily
instrumented with different types of
cameras;

* Online analysis to acquire ice
concentration and ice thickness
indications are achieved.

31
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Online analysis of
based on the k-

ICeé concen
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88/100

K-means, IC

means method.

Visualisation of Ice Level size

IC-average

— IC-STB side

25-Sep-2015-12-00-00

Online analysis for

exact ice thickness

indications
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Squared grid: 50 cm by 50 cm
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Innovative/New Technologies - Adaption to
the Future




