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Speaker Over the past ten years, offshore petroleum exploration,

Bios development and transport in cold regions has expanded to include
Alaska, the Canadian Beaufort Sea, Sakhalin Island, North Caspian
Sea, Baltic, Norwegian Barents Sea, and the Russian Arctic. This
Sponsors period has also seen numerous important advances in our
understanding of spill behavior and response in cold environments
and ice, which is helping to expand the response-operating window
for a number of differnt strategies. The U.S. Minerals Management
Service ahs been a leader in North America for much of this work,
funding a wide range of projects, and making full use of the
Ohmsett test facility in New Jersey. Organizations in Finland and
Norway have led many research and development programs to
design new recovery systems and better understand oil behavior
and weathering in ice. In April 2000, Alaska Clean Seas together
with 16 other government and industry sponsors, organized the
highly successful first Internation Oil and Ice Workshop in
Anchorgage. That event attracted over 300 participants from
around the world and was highly regarded as an opportunity to
share the latest information in the field. Given the continued
expansion in drilling activity and leasing interest in deep water
Arctic areas, as well as rapidly increasing levels of tanker traffic in
many ice-covered areas, 2007 is viewed by the sponsors as an
opportune time to hold a second specialized workshop on the
broad topic of oil spills in ice.

Papers

This workshop is designed to bring together an international
audience with a common interest in advancing spill response in
cold water and ice, and protecting the world's Arctic regions. The
workshop goals are to:

e Share international advances in Arctic oil spill research and
operations

e Guide future research and development programs towards
priority areas of common interest.

The two-day technical program is made up of presentations by
recognized experts on a wide range of key topics such as:

International Arctic oil and gas developments
Ice environments

Ice-going vessel technology

Remote sensing




¢ Enhancements to mechanical recovery systems
e Chemical herders in ice

o Cold-water dispersants

o Experimental spills

e Case studies

Ongoing and future research programs
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Speaker Allen, Alan
Bios

Oil Spill Response Planning for Shell's Offshore Exploration
Papers Program in the Alaskan Beaufort Sea [PDF]

Sponsors Baschek, Bjorn
Operational Multi-Sensor Oil Spill Surveillance Program [PDF]

Bradford, John H

Developments with Ground Penetrating Radar to Detect and Map
Oil Trapped Under Ice [PDF]

Brandvik, Per Johan

Behaviour and Weathering of Oil Spills Under Arctic Conditions
and Implications for Response [PDF]

Brigham, Dr. Lawson

A New Arctic Ocean — Responding to Marine Access Change at
the Top of the World [PDF]

Brooks, Read Admiral Arthur E.

Buist, lan
In Situ Burning for Oil Spills in Ice-Covered Waters [PDF]

Buist, lan

Using Herding Surfactants to Thicken Oil Slicks in Pack Ice for In
Situ Burning [PDF]

Eicken, Hajo

Beaufort Sea - Ice Zones and Implications for Spill Scenarios
[PDF]

Keller, Arturo A.

Oil Recovery with Novel Oleophilic Skimmer Surfaces under Cold
Climate Conditions [PDF]

Kristoffersen, Bjgrn




Environmental Strategies While Moving into a New and
Challenging Oil and Gas Province - The Barents/Pechora/Kara
Sea Areas [PDF]

Lampela, Kari

Baltic Approach to Oil Spill Recovery in Ice: Case Studies and
Recent Development in Baltic Sea [PDF] States

Lee, Kenneth
Oil Mineral Aggregate Formation in Ice-Infested Waters [PPS]

Luthi, Randall B.

Majors, Lee

Lessons Learned: On-Land, Cold-Weather Spill Response Clean-
Up Operations [PDF]

Mullin, Joseph

Cold Water Dispersant Effectiveness Experiments Conducted at
Ohmsett with Alaskan Crude Oils and Corexit 9500 and 9527
Dispersants [PDF]

Nedwed, Tim

ExxonMobil Research on Remotely Applied Response Options for
Spills in Dynamic Ice [PDF]

Niini, Mikko
New Arctic Vessel and Icebreaking Technologies [PDF]

Owens, Ed
Shoreline Treatment in Arctic Environments [PDF]

Rytkonen, Jorma

Maritime Safety Development and Winter-time Demands for
Shipping and Oil Spill Preparedness in the Baltic Sea
environment [PDF]

Singsaas, lvar
Recent Testing of Oil-in-lce Skimmers [PDF]

Sgrstrgm, Stein Erik
Joint Industry Arctic Oil Spill Research Program [PDF]

Ulmer, Frances

Weir, Laurie
The Integrated Tracking of Pollution Program (ISTOP) and Ice



http://archive.boemre.gov/tarprojects/587/papers/Blouin_Lee.pps

Forecasting/Mapping Services in the Western Arctic [PDF]
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Speaker “L Oil Spill Response Planning for Shell's Offshore

Bios Exploration Program in the Alaskan Beaufort Sea

Papers A”en, Alan

Sponsors "% Operational Multi-Sensor Oil Spill Surveillance
Program

Baschek, Bjorn

"L Developments with Ground Penetrating Radar to
Detect and Map Oil Trapped Under Ice

Bradford, John H.

"% Behaviour and Weathering of Oil Spills Under Arctic
Conditions and Implications for Response

Brandvik, Per Johan

“% A New Arctic Ocean — Responding to Marine Access
Change at the Top of the World

Brigham, Dr. Lawson

“E In Situ Burning for Oil Spills in Ice-Covered Waters
Buist, lan

“% Using Herding Surfactants to Thicken Oil Slicks in Pack
Ice for In Situ Burning

Buist, lan

"L Beaufort Sea - Ice Zones and Implications for Spill
Scenarios

Eicken, Hajo

“% Oil Recovery with Novel Oleophilic Skimmer Surfaces
under Cold Climate Conditions

Keller, Arturo A.

“% Environmental Strategies While Moving into a New and
Challenging Oil and Gas Province - The
Barents/Pechora/Kara Sea Areas

Kristoffersen, Bjgrn




"L Baltic Approach to Oil Spill Recovery in Ice: Case
Studies and Recent Development in Baltic Sea States

Lampela, Kari

%! Oil Mineral Aggregate Formation in Ice-Infested
Waters

Lee, Kenneth

"X Lessons Learned: On-Land, Cold-Weather Spill
Response Clean-Up Operations

Majors, Lee

"L Cold Water Dispersant Effectiveness Experiments
Conducted at Ohmsett with Alaskan Crude Oils and
Corexit 9500 and 9527 Dispersants

Mullin, Joseph

L ExxonMobil Research on Remotely Applied Response
Options for Spills in Dynamic Ice

Nedwed, Tim

= New Arctic Vessel and Icebreaking Technologies
Niini, Mikko

“L Shoreline Treatment in Arctic Environments
Owens, Ed

"2 Maritime Safety Development and Winter-time
Demands for Shipping and Oil Spill Preparedness in the
Baltic Sea environment

Rytkonen, Jorma

"L Recent Testing of Oil-in-lce Skimmers
Singsaas, lvar

"2 Joint Industry Arctic Oil Spill Research Program
Sgrstrgm, Stein Erik

"2 The Integrated Tracking of Pollution Program (ISTOP)
and Ice Forecasting/Mapping Services in the Western
Arctic

Weir, Laurie
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gpeaker U.S. Minerals Alaska Clean Seas
ios
Management (ACS)
Papers Service (MMS)
Sponsors
Alaska Cook Inlet Spill
Department of Prevention and
Environmental Response Inc.
Conservation (CISPRI)
(ADEC)

Prince Willam

Sound Oil Spill
Recovery Institute
(OSRI)

United States
Coast Guard
(USCG)

© 2007 SL Ross Environmental Research Ltd.



http://www.mms.gov/
http://www.mms.gov/
http://www.mms.gov/
http://www.mms.gov/
http://www.alaskacleanseas.org/
http://www.alaskacleanseas.org/
http://www.alaskacleanseas.org/
http://www.dec.state.ak.us/
http://www.dec.state.ak.us/
http://www.dec.state.ak.us/
http://www.dec.state.ak.us/
http://www.dec.state.ak.us/
http://www.dec.state.ak.us/
http://www.pws-osri.org/
http://www.pws-osri.org/
http://www.pws-osri.org/
http://www.pws-osri.org/
http://www.pws-osri.org/
http://www.uscg.mil/
http://www.uscg.mil/
http://www.uscg.mil/
http://www.uscg.mil/
mailto:OilIceWorkshop2007@slross.com

Home > Speaker Bios > Allen, Alan

Background Speaker Bios

Speaker Alan A. Allen
Bios

Spiltec, Woodinville WA
Papers

David Dickins

Sponsors

DF Dickins Associates Ltd., La Jolla CA

Shell, together with its primary response contractors, ASRC Energy
Services (AES) and Alaska Clean Seas (ACS), has developed one
of the most comprehensive oil spill response programs ever
assembled for an Arctic exploration program. For the remote
possibility of a major spill, Shell has provided, on location, a highly
trained response team and the best available cold-climate
resources for an immediate response to contain, recover and/or
eliminate as much oil as possible thereby minimizing environmental
impacts. Because of the possibility of ice incursions during the
open water period and the natural variability of the timing and
duration of freeze-up, Shell's oil spill response strategies and
tactics have been designed to cover a wide range of open water
and ice conditions. In heavy ice concentrations (e.g., ice incursions
in summer, new ice at freeze-up, or with drifting floes at break-
up), Shell's high-volume, viscous-oil recovery systems would be
supplemented with tactics involving the rapid and efficient
elimination of oil with controlled burning. Established burn
guidelines are in place to allow in situ burning to take place with
scientifically monitored safeguards to protect responders, the
environment and local populations.

Mr. Al Allen has over 38 years experience as a technical advisor
and field supervisor involving hundreds of oil spills around the
world. His assignments have spanned more than 65 countries,
providing training and operational guidance for government and
industry organizations in the use of mechanical cleanup, the
application of chemical dispersants, and the use of controlled
burning. Al has spent over 30 years working in Alaska and other
cold climates managing oil spill cleanup operations, serving as an
advisor to oil industry and regulatory organizations, and
conducting offshore and onshore spill prevention, control and
research programs.

© 2007 SL Ross Environmental Research Ltd.
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Oll Spill Response Planning for
Shell’s Offshore Exploration Program in
the Alaskan Beaufort Sea

International OIl & Ice Workshop

Anchorage, Alaska
October, 2007

Alan A. Allen, Spiltec

for
Shell Exploration & Production Co.





Two Floating Drill Systems wo OSR Platforms

—

Four Polar Ice Breakers Tanker
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Location: Beaufort Sea (12 to 15 miles offshore)

Timing: July through October
(primarily Open Water) (Off Flaxman 1Is.)

Depth: ~ 30 meters (100 feet)

Beaufort Sea
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Key Spill Response Planning Issues:

Worst Case Discharge: Subsea Blowout (5,500 bbl/day
(WCD) or ~230 bbl/hour)

Duration of Release: State (15 days); MMS (30 days)

Overall Storage (emulsion + H,0): ~ 287,000 bbl

Beaufort Sea
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Operating Environment (Open Water

Possible Pack Ice
Incursions

&/or

Early Stages of
Freeze-up
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Operating Environment (Open Water)

Winds: Gentle to Moderate, ENE 40 - 60 % of the tlme
WSW 20 - 40 %
Strong Winds (>15 kt) Westerly, ~24% (Aug.)
~37% (Oct.)
Gale Force Winds (34-40 kt), <2% of the time

Visibility: July/Aug. <1 mile ~ 25 % of the time
October (freeze-up) <1 mile ~ 17% of the time
Daylight Hours: ~21 hrs (Aug.) to ~11 hrs (Oct.)

Waves/Current: Generally low wave-energy environment; mixed
semidiurnal tides of ~6”-12”; wind-driven waves/currents.

A Beaufort Scale (Wind Force) “4” (11 to 16 kt), capable of
producing wave heights of 3 to 5 feet, could be exceeded
~30% of the time during the late open-water season.

4 Alan A. Allen





Potential Operating Environment

(Freeze-up)

Initial stages (grease ice & slush)
* Transition to 8/10* may occur rapidly
* First ice along coast & lagoon areas

* Typically mid-to-late October offshore
* Consolidation slower offshore, wind &
waves breaking ice as it forms;

As freeze-up continues, fast ice
edge expands seaward, thickens

and becomes more stable out to

water depths of 4 to 5 meters In
October/November, & nearly 15-
meter depths in December.

K Vaudrey
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Ice Environment
(Late Freeze-up to Mid-Winter)

Fast Ice
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RESPONSE GOALS

Large mobile response system

1. Immediate <= (OSRV) at each drill site

Trained Response Crews
_ on location - at all times

5 Trained Backup Response Crews

2. Sustainable < Ready Nearshore/Shoreline Response
Pre-staged Equipment

- Logistics, Berthing, Food, Medical, etc.
3. Flexible Changing Wind/Sea Conditions
Cold Viscous Oil & Emulsions

Nature & Amount of Ice
State-of-the-Art Vessels & Equipment

4. Advanced

High-Volume Recovery & Elimination

World-Class Training & Team Building

g4 Alan A. Allen






RESPONSE SOLUTIONS

ENDEAVOR

B ASRC Energy Services
A J & subsidiary of Arctio Blops Reglons] Corporation

North Slope &
Village Response
Teams
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Nanug

300" Feet
Ice Class Al

Multi-Purpose Vessel = Ski;nmers (ov%r—thhe—side)
: (2) Lamor 5-brus
gplll_tReCs:ponse ; Rope Mop & Mini-Brush
[IBIEe L OrIElr = \Work Boats

Anchor Handling (2) 34-ft + Rescue
Ice Management s Boom
Supply Conventional & Fire Resistant
Dynamic Positioning = Onboard Storage
12,000 bbl, (1) 100-bbl Bl.)
41 crew and responders

_ _ = High Volume, Viscous Oll
Rapid Transit for Lightering capability

lightering recovered oll

4 Alan A. Allen





Arctic Endeavor

205 Feet
Ice Strengthened

History of operations In
the Beaufort Sea

Skimmers (over-the-side)
(2) Lamor 5-brush

m Boom - Conventional

Rope Mop & Mini-Brush & Fire Resistant
Self-propelled Skimmer s Onboard Storage

A47-Tt with (2) Built-in 16,800 bbl

Lamor Brush Units (4) 249-bbl Barges
Work Boats (2) 100-bbl Bladders

(4) 34-ft + Rescue = High Volume, Viscous Ol
Tug Support Lightering capability

Point Barrow

4 Alan A. Allen





LAMOR Brush Skimmer

State-Of-The-Art Recovery
System - (2) per OSRV

Each with 5 Durable Brush
Conveyor Belts

High-Volume Recovery Rate
(up to 205 m3/hour or
>1,200 bbl/hour)

With 20% Derating (>250
bbl/hr), exceeds WCD

Effective with fresh or
weathered viscous olls

High efficiency (>80%) In
light to moderate seas
Rapid Deployment

Can lift quickly to avoid ice

4 Alan A. Allen





Advancing Brush Skimmer
47-ft with (2) Lamor 2-Brush Built-in Unlts

Shallow Draft
High Speed Transit

Good Maneuverability
(in and around ice)

. -
Alan A. Allen





Primary Response Strategy

OTHER

lgnltlun
DRILLSITE

ARCTIC Base of
ENDEAVOR /= ™S . _ _ _ &VSeNEEPeRes. -t Operation
zone)
BOOM
TENDING
| BOAT TANKER
TUG ﬁ
Open-Apex LA
Ol
LI
Q0
ADDITIONAL SKIMMING O O
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* 47' skimming boat alternate recovery & A
* (2) U-boom configurations lightering operations
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Response Plan: Offshore

Open Water

¢ Ignition of Oil/Gas at Surface for Vapor Control &
Partial Removal of OiIl

¢ Concentration of Oil Escaping the Blowout with Open-
Apex Boom

¢ Containment & Recovery of Oil with OSRV & Endeavor
Barge

¢ Containment & Recovery of Oil with 47-ft Skimmer &
U-boom Configurations

¢ Controlled Burning of Oil with Fire Boom downstream
of Blowout

4 Alan A. Allen





Controlled Burning Downstream
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Controlled Burning
(Concentration of Oil with Open Apex) _
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Response Plan: Offshore

Freeze-Up

¢ Use of Ice Breakers and Blowout “Lift” to Keep OiIl
Exposed at the Surface

¢ Ignition of Oil/Gas at Surface for Vapor Control &
Partial Removal of OiIl

é Concentration of Oil without Large Boom Configurations
(rely on short out-rigger boom deflection, wind-herding
of oil against ice & natural containment)

¢ Recovery of Oil with Nanug, Endeavor & 47-ft Skimmer
(working along the edge of heavy ice concentrations
and in pockets of oil trapped by ice)

é Aerial Ignition of Oil without Fire Boom (burning oll
herded against heavy ice concentrations and In
pockets of oil trapped by ice)

4 Alan A. Allen





Broken Ice
Recovering Isolated Pools of OiIl

CISPRI
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Broken Ice
Burning Isolated Pools of OiIl

Typical -Burn
Residue

-
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Oil trapped In
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the Wind . belore d CKINS
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Enhanced Oil Spill Response

a lIce Management

Alan A. Allen





Management/Deflection of Ice

By angling the
deflection barge
with a cross-
wind, oil can be
herded by the
wind against the
deflected row of
concentrated ice
to enhance
burning &
recovery.

Blowout Eaeti

LT
=

Movement of large [y
ice floes

Breaking of
continuous light
ice cover to
enhance deflectiol
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Enhanced Oil Spill Response

J

d Recovered Olil Transfer
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Enhanced Oil Spill Response
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Enhanced Oil Spill Response

N Ground penetrating radar
Tests in Norway 2006
(Dickins/Boise State/SINTEF)

ad Oil Detection/Tracking

Ice Tracking
Buoy
(Metocean)

4 Alan A. Allen





Enhanced Oil Spill Response

Enhanced Dispersion
H Azimuthal PropWash

0 dsperss of Applic.

=a Figures/Photos:
ExxonMobil
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“Summary”
Oil Spill Response In Ice

Response Goals

Immediate
Sustained
Flexible
Advanced

~N

J

4 \

Resources
Vessels & Equipment
Mechanical & Burning
Transfer & Storage

\ Irained Responders )

4 Enhancements -

Ice Management
Recovered Oil Transfer
Oil Herding
Oil Detection/Tracking
\_ Dispersant Application /

4 Alan A. Allen





Key Ingredient For Success ?
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/q:) ASRC Energy Services

a subsidiary of Arotio Blops Regionsl Corporation
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Speaker Dr. Bjorn Baschek
Bios
Federal Institute of Hydrology (BfG)

Papers Koblenz Germany

Sponsors

Germany is using a combined system of aerial remote sensing and
satellites for maritime surveillance and the detection of oil
pollution: On behalf of the Federal Ministry of Transport, Building
and Urban Affairs, the Central Command for Maritime Emergencies
(CCME) coordinates the operational surveillance, the Federal
Institute of Hydrology is the scientific consultant, and the Naval Air
Wing 3 "Graf Zeppelin" operates the aircraft.

The talk will present in detail the multi-sensor system of the two
"D0228" oil spill surveillance aircraft. As a long-range sensor for
the localisation of a possible oil spill serves a side looking airborne
radar (SLAR). The data of the extended near-range sensor system
consisting of IR/UV scanner, microwave radiometer,
laserfluorosensor and a camera system (e.g. FLIR) is processed by
the on-board analysis to determine e.g. oil spill area, thickness,
volume and type. Thus, also under adverse weather and light
conditions detailed information can be provided for the support of
oil spill combating.

Bjorn Baschek is a physicist who made his PhD in the field of radar
remote sensing applied to meteorology. Since 2005 he is working
at the German Federal Institute of Hydrology (BfG) within the
Department Geoinformation and Remote Sensing. He is scientific
advisor of the German oil spill surveillance project. This is
including responsibility for the sensor system of the German
surveillance aircraft as well as participation in the European
satellite project MarCoast. He is member of the European Group of
Experts on Satellite Monitoring and Assessment of Sea-based Oil
Pollution (EGEMP).

© 2007 SL Ross Environmental Research Ltd.
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Operational Multi-Sensor
Oil Spill Surveillance Program

Bjorn Baschek

Federal Institute of Hydrology (BfG), Germany
baschek@bafg.de
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bfgs==
Content ‘a-hg/

m Introduction — situation and task

® Combined system
— aircraft and satellite

m Sensor system of German Do228
— optimized for oil spill
surveillance over water
m Use for o1l & ice?

M Summary

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 2






Surveillance area North- & Baltic Sea ﬁg.mw/_f-

3 4 5 & 7 [ 9

made by 5. Wilhelms, BSH

T
a

m 115.000 km? area of responsibility ® Narrow shipping lanes
m Bad weather conditions B Very high traffic density
B Wadden sea with strong tidal currents m Highly populated coastal areas
& wide tidal range ® Sensitive ecosystem
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 3

TASK: Surveillance for maritime oil pollution Egm)

m Co-ordination and optimisation of ship
operation during oil spill combat

W 24 h, weather independent surveillance
(international agreements Bonn, Helsinki,
MARPOL)

B Detection of unintentional & deliberate
pollution

B Amount, kind, spatial distribution of
pollution

B Verification; collection of evidence

There are secondary tasks, but aircraft sensor system is optimised
for above purposes (over water)

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 4






Partners & Operation

Federal Ministry of
Transport, Building and
Urban Development
- responsibility

Central Command for
Maritime Emergencies
(CCME)

- Pollution combat

- Coordinate operational

surveillance
BfG German Naval Air Industry
- Scientific advisor Wing 3 ,,Graf - build sensor system
- Purchaser / Coordination Zeppelin“ (MFG 3) (current phase:
equipment with sensor system - Fly / operate / maintain OPTIMARE)
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 5
Combined system — synergetic effects bfg s
Aircraft:

- :

m Flexible, high resolution routine (+ accident) surveillance
m Pollution combating assistance

B Multi-sensor system: much more information (-> later)

® “Ground” truth; preservation of evidence

Satellite (oil spill pollution services):

m EMSA & MarCoast (European GMES-project;
BfG: user and validation activities)

m SAR only: Indicates possible pollution
m Limited repetition rate, fixed (known) times

m Partly-automatic NRT analysis, first alert;
good overview (large area); cheaper image price

Drift model: Stronger integration planned

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 6
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Content

m Introduction — situation and task

m Synergetic effects
— aircraft and satellite

m Sensor system of German D0228
— optimized for oil spill
surveillance over water
m Use for o1l & ice?

M Summary

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 7

WMIT&

Overview of the sensors on board of German Do228 bfg o

m Wide-range: (£30 km)
e Detection of position of possible pollution
- Sideward Looking Airborne Radar (SLAR)
W Narrow-range: (£250 m)

e Oil indicators & Area —_
- SLAR / IR/UV /Laser-Fluoro-Sensor (LFS) ~ Volume
e Layer thickness (thick / thin layers)
- Microwave-Radiometer (MWR) / LFS
e Classification of oil (and chemicals)
-LFS
e Securing of evidence
- Forward Looking Infrared Camera (FLIR); active

- Video system, cameras

e Additional support for pollution combating

IR uv MWR

- Communication
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 8






General structure of the MEDUSA-sensor network bfg St

=

active active

‘ iClient, NFS*) ’ | (Glient, NF5*) \ ‘ (Climnt, NFS*} \ ‘ (Client, NF5*) \ ‘ [Client, NFS*} \ ‘ (Client, NFS*} \

Ethernet Connection IEEE 802 3 10 Base F)

Ethurnet Connection
(IEEE 802 3 100 Base T)

central
X-Server
Connection to data server via NFS-Server
satvite. zupperted communt L b operator
cation route.
*) Nwtwark File System {Inmarsat-C-Service) COl’lSOle
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 9

Bundesanstalt fisr
Grl.lmrkumlc

View inboard

MWR
7] se’li EspElE
— 3 T I T T
7N
= l - | I |
FLAR Antenne SLAR Operator DDL DDL MWR LFS IR/UV
Antenne Konsole

Line Scanner
- W Balance between
endurance / weight & number sensors

FLIR

Seite 10






Principle of oil detection by SLAR bfg St
(Sideward looking airborne radar)

m X-band-waves (ca. 10 GHz) are back-scattered by
ships and capillary waves

. . GRAVITY WAVES
® Thin oil layers smoothen sea surface roughness swal
B => reduced backscattering
m => black® spots on radar image
CAPHLARY WAVES

= indirect effect

Possible other sources for ,,dark spots*:

e.g. windless areas, algae, upwelling water,
sandbank, fish oil

=> Signal can be misinterpreted (SAR satellite similar)

=> Aircraft near-range sensors required

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 11
bfg Bundesanstalt fiar
Grwisserkunide
.
SLAR backscatter signal ,/

=1USL T P T T R 7 WYL U 16 wind 5 1R
SRR Bt B R e

ship

oilfilm

backscatter

distance

track, NADIR-view

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 12






Envisat i
ASAR image i
(satellite)

shows tanker,
Prestige, 100 km

off Spanish coast

20.11.2002

Credits: ESA

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 13

IR/UV - 2 channel line-scanner (passive)

IR-Channel
B Thermal emission of the sea surface (8.5 - 12.5 um)

m Lower emissivity of oil (than water)
=> 01l layer seems colder than water surface

m However: oil films of thickness > 0.5 mm absorb sunlight,
=> temperature increases & oil layer appears warmer

m THERMAL REFERENCE:
Two controllable field-filling blackbody reference sources
=> absolute (temperature measurement)

B Independent from daylight -> also operating at night
UV-Channel
M Measures sun-light reflected from sea surface (320 - 380 nm)

® Very thin oil films (>0.01um) can be determined due to short
wavelength of the UV

® Limited to daylight conditions and to sufficient visibility s






parabolic
reflector ) ’ cold load

raceiver

Microwave-Radiometer (MWR)

receiver

M Line-scanner (Swath 476m@1001t; 72°) onenrs

m Wavelengths (reserved): 18.7, 36.5, 89 GHz :?Jn; N
B Atmospheric measurements @ 89 GHz

rotating parabolic
primary reflectors

m Oil layer thickness determination between 'R
50um to the mm range FE AN

', from
f \ water surface

Advantage:

thin

= Insensitive to water vapour

= Day and night operability by analysing the
thermal microwave radiation

However:

= High extinction of microwave in water
restricts measurements on surface layers.

MWWR. MWR 36 GHz NIVHR 89 GHz

International Oil & Ice Workshop, Anchorage, October 10, 2007 18 Ghz 35 Ghz 85 Ghz

Principle of MWR

“Interferences between
boundary layers oil/air and
oil/water => oil layer
thickness determination
(50pm to 3mm)

d(Tb)in K

"Thermal microwave radiation

" Simultaneous measurements
of multiple frequencies
prevent ambiguousness

“ Simultaneous detection of
atmospheric radiation for
calibration (particularly for
rain and rain clouds)

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 16






NOFO ,Ef;m/

Spot 8B
sampling boats
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Sensor-Images Flight S704A on Wednesday, 10-06-2006

Sensor IR (Grid: 100, Geopos: off, Geolarget: of, Zoor 1 Sensor, UV (Grid: 100, Geopos: of, Geotarget of, Zoom: 1) Sensor N&DIR thd 200, Geopos: off Geotarget of, Zoorm 1) Sensor. MWR (Grid: 100, Geopos: off, Geotarget: off Zoom 1)
LUTﬂanus(eSBUE! zm: Display: |me?gr,« tang. 4391 - 2042 LUT Range LUT Range: 37107 - 22144, Disglay. 1t 35
Mission: PCS704b 2006-05.11 08.03:50 0 AGFT-67+04  Mission: PCST04D 2006-05-11 0908 S0.0ACFT 87404 Misgion: PCSTUM zws-usir U9I8S0DACFT: 7404 ission: PCST0ND 2006-05-11 DI0BS0.0 ACFT. 57404

Timg: 02:57:31 Lak: N 59°58.5° Lo E 00728 9'
G5 104kn AR 7331 Hedg 305° WV 21 3'V6kn

Tirne: 09:57:20 Lat N 55°53.4' Lon: E 0029
Gs 104kn AR 7378 Hdg 304" WN 314%kin

Tine 095720 Lt N 56558, Lo E002520° Ting: 035778L3t N 5564 Lon E 00729
G5 104kn AL737R Hdg 30 31 7k G5 104kn AR 73T Holg 3047V 3144k

Spot 8 B
MWR-Volume:
10825 Liter

Samplings boats

Time: 09:67:04 Lat: N 56°50.1' Lon: E 002°30.3' Time: 08:57.04 Lat N 56°58.1"Lon: E 002°30.3' Time: 09:57.07 Lat NS9°68.1'Lon; E002°30.2 Time: 09:57:04 Lat N 58°68.1' Lon: E002°30.3'
Gs113mARTO8R Hdy 307° Wi 330°%5kn Gs113kn AR 70BN Hag 307" Wi 330%5kn (5 113k ARTOS! Hag 307* W 329%5kn Gs113kn ART08R Heg 307 Wi 330%5kn
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Laser-Fluoro Sensor (LFS) bfg =il

= Determination of oil layer thickness within 0.1 to 20 pm,
= Identification and classification of the oil types

= to prevent false alarms:
discrimination of natural oil alike
substances on the sea surface and
of mineral oil,

= Detection of oil quantities below
the water surface

B Currently alignment proplems

B On-sea campaign for sensor testing
(e.g. LFS) planned for next year

Schematic of the geometrical arrangement associated with a laser fluorosensor.
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 19

Setup of the LFS bfg r——

Gewlisserkunde -

¥ Flight height 1000 ft
typical (eye safe > 300ft)

¥ ~ 10m pixel to pixel;
conical scan pattern

"IFOV~15m*1,5m x/

¥ Pulsed
high-energy-laser
XeCl excimer
308 nm; 150 mJ

LS

¥ Photo multiplier

¥ Dichroitic beam-splitter

¥ Optical bandwidth ~10 nm

'\
'\
'
'
:‘\\

¥ Interference filter =

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 20






Principle of LFS bfg et

m Layer thickness: ratio between back-scattered Raman-signal from and
outside the oil film,

1 T
[oR=] J
o.8F
= 0.7F
E 08F
-
= 0.5F
W
=
L
—
=
400 450 500 550 600 650 700
WAVELENGTH / nm Robbe, 2005
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 21
Fluorescence measurements of oil species; bfg R
Gewilsserkunde

-

excitation @ 308nm

100
- m Classification by a
\ery Light Refined : .
80 Light Refined principal
6 Diesel, Lubricating component analysis
Biogenic of the fluorescence
60 Very Light Crude -
'E. Light Crude Slgnals
‘a 50 s
c Medium Crude . .
£ 40 Very Heavy Crude ® determination of
30 eigenvalue-spectra
20 / correlation with
10 oil class catalogue

300 350 400 450 500 550 600 650 700

wavelength [nm] Fluorescense

Detection
Wa:/eli:ngthsH L I I I I P Raman Scattering

(12 channels)

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 22






Fusion & comparison of sensors

. Satellite
Visual SLAR uv IR MWR LFS (RADARSAT)
Range @ 300m flight approx. wide,
altitude +3km +30 narrow, 1250m narrow, £75m ( 300x300km
Classification capabilities no no yeD no
sensitivity on oil film O 50um to 0.1 Km to 20
thickness A WA OO0 I el 2.5mm wm NA
Spatial resolution High 60m by 35m 35m ~5m IQm pl?(el—to— 50m
30m (perp.) pixel distance
Detection of oil spills
no no yes no
below surface
Operating at night no yes | no  — [ves yes yes €]
Film thickness Appearance < yes, 50 um |yes, 0.1 [y
determination of oil slick no Ho2.5mm 20 ne
Measuring geometry visual Line-by-line, 20 Hz Conical, 5Hz image
. clouds, flight
Impaired by no no ) clouds clouds ((no D altitude no D

m Depending on the sensor there are further limitations e.g. due to
size of the spill, weathering state, weather conditions (too much

or too little wind)

International Oil & Ice Workshop, Anchorage, October 10, 2007
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Fusion of the sensor data

bfg

Hndesany ||Ii flar

——

Determination Determination of the classification,
of the oil layer oil layer thickness thickness of layer
extension thick - thin |

[ %

TV A LA Ty

EM T

i H ? i '_%:K e
AMWR 89 GHz Em oy |
18 Ghz 35 Ghz 85 Ghz IR UV LFS
B Information obtained = combination of all sensors
& near real-time on-board analysis (optimised for oil on water)
m All data stored in database => on-ground re-analysis possible
International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 24
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Some ideas about OIL & ICE — Input for bf
workshop discussion g e

m System optimized for detecting oil on water
W Suitable for detecting oil on (in / under) ice??

m So far: no experience

M Ice/Oil shows much more possible variations than
Water/Oil !

m Some points/ideas for discussion!

m Distinguish between:
e Physical principle suitable
e Technical realisation suitable

o Existing analysis software suitable (database: on-ground
re-analysis possible)
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bfgese
SLAR images of ice o

m Needed for finding oil slick -> otherwise like “finding a
needle in a haystack”

PCB16 1&%—03 10:40:20 N S4:32.4 ED13:04. 9 472511 351 15%n wind 821 03Skn
5.0 km ? LRaB

m Signal of ice similar
to signal of land

m Oil ON ice should be
possible to detect
(area)

m Expected to be
difficult to
distinguish from
water on ice or from
smooth ice surface

. (rechte Seite): Eishildung suedoestlich Ruegen

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 27

o e

m Detection principle based on higher reflectivity of oil
compared to water

=> should work similar for oil on ice

MWR

B Emissivity in microwave regime seems to depend on kind of ice
m But: sensor expected to provide some information about oil & ice

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 28






IR? - Emissivity of ice (grey) and water (black)

1000

B Emissivity of ice
and water in IR
comparable:

0340

0350

z '
I - detection should
£ omm be similar, too
L
ossn ¥ ® Limit by range of
st BB for
calibration?

0330 T T T T T T T T T . d
3 4 2 [ 7 ] 9 i0 11 12 13 14

Wfavelength [um)
Figure based on data from the MODIS UCSB emissivity library (NASA/CFSC/SBRC):

Source of figure:
http://www.comp.glam.ac.uk/pages/staff/pplassma/MedImaging/PROJECTS/IR/CAMTEST/Icewater.htm

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 29

LFS — fluorescence of (tap) water and ice

15x 104 | | Fluoresce_nce signal | u Strong scattering
=> smaller layer
P => weaker fluorescence
W signal
s "— Water | " Low Raman
(= ke | —> limitations on ice!
c 10 “Thickness (LFS)
2 probably not possible
* &
“ Not absolute measurement —
6 water in front of oil needed for
calibration and as basis for oil
4 classification (for re-analysis
,_.J_, probably ice possible)
300 350 400 450 500 550 6t|m

Wavelength [nm] Thanks to Dieter Lippert Seite 30






Conclusions and outlook bfg ety

| Satellite input to aerial surveillance used for alert of potential
spills and good overview
B German Airborne multi-sensor system in DO228
e optimized for oil spill surveillance and detecting oil on water

e Combination of sensors provide — on-board in NRT — a multitude of
information

. e.g. confirmation as oil, area, volume, type
e Part of information even at night and through clouds
m Oil on ice?
e so far no experience
e Sensors & software optimized for use on oil on water
e There are some limitations (more complex, more difficult detection)
but also some potential

e More would have to be shown by

-> further theoretical considerations
-> experiments > INPUT? DISCUSSION !

International Oil & Ice Workshop, Anchorage, October 10, 2007 Seite 31

Thank you for your attention!

Dr. Bjorn Baschek — baschek@bafg.de
Department M4 — Geoinformation and Remote Sensing
Federal Institute of Hydrology (BfG), Koblenz, Germany

International Oil & Ice Workshop
"Operational Multi-Sensor Oil Spill Surveillance Program”

Anchorage, October 10, 2007
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Speaker John H. Bradford
Bios
Center for Geophysical Investigation of the Shallow Subsurface

Papers Boise State University - Boise, 1D

Sponsors

Co-authors: Leah Steinbronn, Lee Liberty (Boise State), David
Dickins (D.F. Dickins Associates Ltd.), Per Johan Brandvik (SINTEF)

Since 2004, we have undertaken a series of laboratory and field
experiments to test hardware and develop analysis tools for the
purpose of detecting crude oil spills on, within, and beneath sea
ice using ground-penetrating radar (GPR). Notably, the
experiments include 1) a set of small spills (49 - 188 I) within and
beneath laboratory grown urea ice (— 35 cm thick) conducted at
the US Army's Cold Regions Research and Engineering Laboratory,
and 2) a contained spill (3,400 I) under natural sea ice (—65 cm
thick) conducted in the Svalbard Archipelago. In all cases, we
successfully identified the location and spatial distribution of the
majority of spilled oil. Oil film thicknesses under natural sea ice
may vary from a few mm to 20 cm or more. GPR wavelengths at
500 MHz are on the order of 30 cm, therefore the target layers are
typically less than the signal wavelength, placing the detection of
oil films in the realm of thin bed analysis. When the thickness of a
reflecting layer is less than the signal wavelength, the recorded
waveform is actually the result of interference of waves reflected
from the top and bottom of the layer. This interference causes
amplitude, phase and frequency anomalies whose form depends on
the thickness of the layers and the contrast in electric properties at
the boundaries. Detecting oil films depends on differentiating the
waveform anomalies from the background response. Our
experimental results suggest that GPR coupled with thin bed
analysis can be a valuable component of spill characterization and
clean up. Ongoing work includes an extensive modeling effort to
understand GPR response varying conditions such as ice and oil
thicknesses, ice salinity and temperature.

John Bradford received BS (1994) degrees in both Physics and
Engineering Physics from the University of Kansas and a PhD
(1999) in geophysics at Rice University. From 1999 to 2001 he
worked as a research scientist at the University of Wyoming. He is
currently Director and Assistant Professor of Geophysics at the
Center for Geophysical Investigation of the Shallow Subsurface at




Boise State University. His research interests include numerical
modeling, imaging, and attribute analysis of wave-propagation

based geophysical data.

© 2007 SL Ross Environmental Research Ltd.
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Developments with Ground Penetrating
Radar to Detect and Map Oil Trapped
Under Ice

John Bradford, Lee Liberty.

CGISS, Department of Geosclences,
Boise State University

David Dickins, DF Dickins Assoc., Ltd.

Per Johan Branavik, SINTEE
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Fundamentals of Ground
Penetrating Radar

GPR Is an electromagnetic wave operating
at radio freguencies

m 10 MHz — 1 GHz

Sensitive to changes In electrical
properties
= Electric permittivity

= Electric conductivity
Signal wont propagate through good conductors






Recording the Reflected Waves






Conceptual Model of the GPR

Method

From Steeples and Miller, 1992

E
0 S
.
81 =
<





Electrical Properties in the Arctic
Marine Environment

\Vigerial Conauctvity [VeloCIty: Weavelengtin
(S/im) M/ns @FSOONVIIEZ
e
Alr 1 0 0.3 60 cm
Sea Water 88 1-5 No
propagation
Sea Ice 4-8 01-.1 134 27 cm
QOll 2 .0005 212 42 cm






Electromagnetic Wave Propagation






Radar Travel Time (ns)
Instantaneous Amplitude

5 10 ' 2 4 6 8 10 12
Oil Layer Thickness (cm) Oil Layer Thickness (cm)

C D

v\'

Instantaneous Phase
Instaneous Frequency

2 4 6 8 10 12 0 2 4 6 8 10 12
Oil Layer Thickness (cm) Oil Layer Thickness (cm)

Suggested by Goodman, Dean and Fingas in 1985!
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Controlled Experiment Design

Cold Regions
Research and SO —_—
Engineering Lab A vFee

9 m x 40 m cold pool !‘: " b
[, 2X2 m Isolated test

cells

35 cm Iice thickness






N TR T

|980] @idii] pas [FLE) AL | | AR |











g
e
g
8
















lce Depth (cm)











lceWater Reflection Instanecus Frequency

T LR Y I YA

il Il

(™











= AT o ey
=3 Cthar cumants

R R
L e

Surfeee Oeean Currenia

1P L e DR L LR






Controlled spill conducted in an
11 m diameter containment cell
constructed by SINTEF
personnel. Plastic containment
skirt extends to 1.5 m

Spill consisted of 3400 | of
Statfjord crude pumped into
the cell over a period of 2 hr





GPR Data
Acquisition

All data acquired with Pulse
Ekko Pro GPR system w/ 500
and 1000 MHz antennas

Multi-offset acquisition to
determine effective permittivity
of ice

Pre and post oil emplacement
3D surveying over 20 x 20 m
grid

Large scale 2D profiling
Airborne tests





'|"|I | -.':::[: l:-l
)] Hl HulHHl

i | '|

HFT‘!M
[r






30 mureny

y 4 - sy
7 '..1...,..._....4__”. e ai= T,

¥ [ - o ....I..__ll.ﬂ. ;

AL survep pnor o ol






Oil injection pipe

5
L

% (T

i . :‘ru-f-..l
Illlllll‘l_lll.'llllll‘illhll

T
=
"
=
&
=
g
-8
]
L)
=

e ——

e —
-24 0.0

heasured il fifm thickne=s (cm)






Ling & x=12 m, Qiled

Line & x=12 m, Background
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Line & x=12 m, Background

Y Distance (m)
Model Line § x=12 m, Background
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Destance (m)

Subsurface permittivity model

4
Destance (m)

Traveltime (ms)

Traveltime (ns)

GPH responses
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GPH responses
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Oil injection pipe
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Line g x=7 m,. Background

¥ Distance (m)
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1 GHz Airbome Profile, height ~ 10 m, speed ~ 15N

[
i
£

=

450 500 550
= Distance {m)






Conclusions

= Some false positives

= Some oiled zones not delineated
Attribute sensitivity depends on oil thickness, and time
since spill

Results depend on being able to differentiate areas with
oll films from the background response, which may be
highly variable

Numerical modeling can help improve our understanding
of the GPR response to the oil/ice system
= Allows for virtual experiments

Airborne platform has potential
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SINTEF Marine Environmental Technology, Trondheim, Norway
Papers

The knowledge regarding weathering processes in Arctic oil spills
with presence of ice is limited. Experimental studies have been
performed in laboratories, but only to a limited degree in the field.
This paper summarizes and compares results from field and
laboratory experiments performed in North America and Norway
from the mid seventies until today, with focus on the experience
from newer experiments. Status and results from several ongoing
projects will also be presented.

Sponsors

Several weathering properties for the oil spill in broken ice are
strongly influenced by the low temperature, reduced oil spreading
and reduced wave action caused by the high ice coverage.
Reduced water uptake, viscosity, evaporation and pour point could
extend the operational time window for several contingency
methods compared to oil spills in open waters. This could open up
for dispersant treatment and in-situ burning even after an
extended period of weathering for an oil spill in broken ice.

The main author Dr. Brandvik has worked at SINTEF in Norway as
a Research Scientist focusing on weathering processes in marine
oil spills and their influence on operational oil spill contingency for
over 20 years. In recent years he has especially focused on oil
weathering and field experiments in Arctic areas. He has also
worked as a associate professor at the Norwegian University of
Science and Technology (NTNU) in Trondheim and presently holds
an adjunct position at the University Center at Svalbard (UNIS).

© 2007 SL Ross Environmental Research Ltd.
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International Oil & Ice Workshop, Anchorage October 2007

Behavior and Weathering of Oil Spills
Under Arctic Conditions and
Implications For Response

P. J. Brandvik®?, Per S. Daling?,
David Dickins® and lan Buist*

ISINTEF Materials and Chemistry, Trondheim, Norway
°The University centre at Svalbard (UNIS), Longyearbyen, Norway
3DF Dickins Associates Ltd., California, US
4SL Ross Environmental Research Ltd., Ottawa, Canada

*Corresponding author: Email: per.brandvik@sintef.no. Tel: +47 9095 8576

@ SINTEF Materials and Chemistry 1-01/11/2007





Cape Breton, Canada 1986

A series of experimental releases (3 relases 1 m3)
coordinated by SL Ross & DF Dickins

@ SINTEF Materials and Chemistry 2-01/11/2007





MIZ - Barents Sea, Norway 1993

Review articles for further reading:

2003: Fingas and Hollebone, Fate and behaviour of oil in
freezing situations

2004: Interspill review papers (oil-in-ice weathering, in-situ
burning, mechanical recovery and use of dispersants)

@ SINTEF Materials and Chemistry 3-01/11/2007





Oil weathering processes - Open water

-« Wi Evaporation
T Photolysis iy

Driftin Water-in-oil —— )
A— B emulsion Spreading

Resurfacing of larger cil droplets
9 9 P Dissolution of water soluble

- , : components
Oil-in-water dispersion Adsorption to particles i
: : ) Uptake by biota
Microbiological

Vertical diffusion degradation LR
Horizontal diffusion it
Sedimentation

Uptake and release from sediment

Weathering processes significant for oil spill contingency
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Weathering of oil spill in Ice

AIR

Absorption 0il migration up

by snow Qi on

TapQqation brine channels ol at bl
Lea / = ”- B\ inspring
s 2 b |
-;“:::':"" lllll L] '-..__-'i f [ s ; =
ey EB > ﬁ I ‘3 First-year ice

W 0il pool under snow
Fissures

Multi-year ice

Spreading of oil in ice is more diverse and offer many sub-scenarios
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Oil weathering influence
response operations

Chemical combat and in situ bumipg
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Weathering time at sea

Estimated effectiveness versus selected weathering processes
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Major ongoing R&D Projects
Oil weathering in ice

Related to respons

* Empirical Oil Weathering in Snow and Ice
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Empirical Oil Weathering L
Objective JMAR

To generate experimental data
to validate and refine oll
algorithms and weathering
models for oil in ice and snow






Empirical oil Weathering 2%
Scientific Approach VAR

Six series of experiments were conducted:
. Spreading in Ice and Snow

Evaporation in Ice and Snow

. Slick Thickness on Cold Water
Migration Rates through Brine Channels
Formation of Water-in-Oil Emulsions

Full Spill-Related Characterization of Crude
Oil Samples

o v A wN R
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New R&D program for
"Oil Spill Response in Ice-infested waters”

Mechanical In-situ Dispersant
recovery burning use

Improved technology
for oil spill response
In ice-infested waters

Modelling Detection/
Monitoring

Joint Industry Project (2006 — 2009) Deliverables:
Funders: Statoil, Shell, Total, ConocoPhilips, » Improved oil spill response
AGIP KCO, ChevronTexaco and BP technology
Participants: Norwegian, US/Canadian and » Improved modelling tools
Russian R&D Institutions * Qil spill contingency plan for
Arctic waters
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Oil-in-Ice JIP
P1 Fate and behavior - Meso-scale testing

' 30%

70% 90%
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Oil-in-Ice JIP
P1 Fate and behavior - Meso-scale testing

30%

50%
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Oil-in-Ice JIP
P1 Fate and behavior - Meso-scale testing
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Meso-scale field experiments with different
Ice conditions
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Weathering experiments on Svalbard 2005 funded by
Norwegian Research council, Statoil and Hydro
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Experimental weathering of oil in ice

P
o Lo S e iy d-."
L
Y Sow T
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Current genera Or's.

* |ce coverage: 0-90%

* Surface current: 3-5 cm/sec
e Waves: 0to +£15cm

* Temp. air: -5to-15°C

* Temp. water: -1.8°C

(_!'J) SINTEF Materials and Chemistry 15 - 01/11/2007





Ice basin in first year fjord ice used for
oll weathering studies

2005: Oil weathered for 3 days at
different ice conditons — and tested
for ignitability and use of dispersants

=%
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Simulation of weathering processes
In meso-scale icg be

Wave
generator

Weathered oil collected in burning chamber after 3 days of weathering
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Weathering of oil vs. ice coverage
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Evaporation as a function
of ice coverage - 2005 UnIS

35
30 | .
*
*

e |
= ]
S n
S m
o
2
3 ’

S .

@

o

Q.

]

>

m
¢ Slush-Ice
m 30% ice coverage
® 90% ice coverage

1,5 2,0 2,5 3,0
Time (days)

@ SINTEF

Materials and Chemistry

19 - 01/11/2007





Water uptake as a function g

o
-y

e\ %

of ice coverage - 2005 wnis

60
¢ Slush-Ice
50 = 30% ice coverage
* 90% ice coverage .
L 4
- |
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Oil viscoity as a function i
of ice coverage - 2005 ontE
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L 2
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5000 = 30% ice coverage
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Conclusions Arctic oil spills
Open water versus broken ice

Evaporation (40 = 20%)

Water uptake (80 =» 10-20%)

Viscosity (20 000 =» 500 cP)

Increase of other oil parameters (pour point, flash
point...) are also reduced

W

Operational conseqguences:
=>» increased window of opportunity for both
In-situ burning and use of dispersants.
=> Low water content/viscosity favourable for mechanical

recovery
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G Future R&D needs o

Increased transport and oil exploration in Arctic areas
=» demand for increased understanding of
oll weathering processes in ice

Important for:
e environmental risk assessments
o for oil spill contingency planning and -operations

How can this be achieved:

e Lab- and meso-scale studies (varying ice/energy
conditions and oll types)

» Full-scale field experiments (ice-conditions/oill
types) are the ONLY true verification
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Dr. Lawson Brigham

Deputy Director US Arctic Research Commmission &
Alaska Office Director, Anchorage

Arctic sea ice is undergoing an extraordinary transformation that is
creating a much more accessible Arctic Ocean. We are also
witnessing new marine uses of the Arctic Ocean including
expanded natural resource development, tourism, fishing and
marine research. All of these uses will have profound implications
for the Arctic and its indigenous communities. In addition, the
current governance of the Arctic Ocean is complex and a
patchwork of regulations and regimes implemented by each of the
five nations surrounding the Central Arctic Ocean. In response to
these factors, the Arctic Council has called for a comprehensive
Arctic Marine Shipping Assessment (AMSA) under the Council's
Protection of the Arctic Marine Environment Working Group
(PAME). Canada, Finland, and the United States are the Lead
Countries for AMSA. Ongoing are a data survey (to determine an
estimated total number of ships in the Arctic Ocean for a given
calendar year); development of scenarios or plausible futures to
2050; town hall meetings in Arctic communities; a review of the
history & governance of Arctic marine transport; and, reviews on
the social, environmental & economic impacts of expanded Arctic
marine activity throughout the Arctic Ocean.

Dr. Lawson Brigham is Deputy Director & Alaska Office Director of
the U.S. Arctic Research Commission in Anchorage. He is currently
Chair of the Arctic Marine Shipping Assessment of the Arctic
Council, an intergovernmental forum of the eight Arctic nations. A
career U.S. Coast Guard officer he sailed aboard icebreakers on
the Great Lakes and on expeditions to the Arctic and Antarctic. He
has served as a researcher at Woods Hole Oceanographic
Institution and the U.S. Naval War College, and as a faculty
member of the Naval Postgraduate School in the Office of Naval
Research Chair in Arctic Marine Science. Captain Brigham received
his PhD in polar oceanography from Cambridge University in the
United Kingdom and has spent more than three decades on
research related to the Russian Arctic, ice navigation, and satellite
remote sensing of the polar regions.
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A New Arctic Ocean: Respondingto Marine
Access Change at the Top of theWorld

| nternational Oil & | ce Workshop
Anchorage, Alaska

10 October 2007

Lawson W. Brigham, PhD . - =
Vice Chair, PAME & Chair, AMSA
U.S. Arctic Research Commission ~ Anchorage





Arctic Ocean 180
Bathymetric
Chart

90 W

O @ e _ 1500 nm
O® ®* —-500nm





Arctic Dt.ean Marlna Hnutea
Arclic Marine Shipping Assassment of (he

Gl of Alaska o - Arciic Council 12062 108}

- y £hoke T | ==-: Lm;rgﬁﬁz

et S Paint. T Nolable lcabeanker Voyages
i % {Alaska) sﬂff:" . ... ﬁ;t:ﬁu;;'%:;lur:lﬁ..-..<,| 1551

Palar Sea and L'I.'-llrl“': 5. Si-Laurani

C HA L L E NG ES A -~ Son e 16 Somtember 2002
& R I S K S K" Y 5.:;';* H‘;: ‘."'* : ."}:'::: = "

B0 Mann Wiles

=
1]
L

I ~ v~ Bodrfort 1 "i\ LN ]
EANA DA . Draft
Northwes Centraﬂx < S
"Clirra Strait AI’CtIC : 1\. :IJ‘L";*:" ‘RUSSIAN FEDERATION

ARCTI¢ -~ Northern

Sea Route

- WiThirskii Stradt

OCEAN| "

Marth

Prig e .',":""""‘. __,..L-
:.“-.ll:nln._g._.'g-_____l-"- a4

-t

i : i /
L} f
O A

el 3 R

ara Gate =

MODES

by Mapping Solulors, Anchinmgs 2005
" for L Brighem, LISARC

Intra-Afctl i
Route ATLANTIC OCEAN











Key Finding #6: “Reduced seaice is very likely to increase marine transport and
access to resources.”
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Climate model projections of sea ice extent:
2000 - 2100

March September
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Possible ~ Ice-Free
Arctic Ocean in 2050
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Arctic Council, PAME-led Arctic Marine
Shipping Assessment

* Lead Countries: Canada, Finland, and USA

« Key Countries & Regions: Norway & Russia (Norwegian-Barents-
Kara seas), Iceland, Denmark-Greenland-Faroe Islands, Sweden

* Timeline: 2005 - 2009 (Completion Spring 2009)

o Electronic Survey Questionnaire ~ Sent to SAOs Jan 2006;
Continuing 2004 Data Collection from the Arctic States

* Inclusive Participation: Member States, Permanent Participants,
Council Working Groups; Council Observers; Shipping Industry;
Ship Classification Societies; Research Organizations; Others
~ Key Challenge: Many Non-Arctic Stakeholders

PAME





Timeless Arctic
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Arctlc I\/Iarlne Vessel Act|V|ty AMSA Shlp Types :

~Tankers ~ Bulk Carriers . . ———
: antglner Ships ~Tug-Barge Comb;,n’ﬁf"ons R
Fishing Vessels ~ Ferries ~ Passenger Vesselsv’(;rwse Ships, .= |
Research Vessels ~ Offshore Supply Vessels

ICebreakers (Government & Commercial) ~ Others





Icebreaker Transits to the North Pole &
Trans-Arctic Voyages (1977-2007):

* 72 Transits to the North Pole « 28 Ship Transits to the NP in 2004-2007
(60 Russia, 5 Sweden, 3 USA, P
2 Germany, 1 Canada, 1 Norway) « 7 Trans-Arctic Voyages (1991, 1994,

1996, 2005
e Single Non-summer NP Voyage )

(Sibir Voyage May-June 1987)

* g
vl

i
""‘mu,.m ”'”“’thrrtpn;th iy Hm,._”mtmun

25 May 1987
Soviet Nuclear Icebreaker Sibir
‘A Walk Around the World!’
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Annual Traffic: Northern Sea NSR Ships & Voyages
Route (thousand tons)

1987 — 331, 1306

i’ 1990 — 252 , 886
1995 - 134, 309
2000 - 52, 169

J 2003 - 47, 160






The Northern Sea Route
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Future Varandey Arctic Marine Transport System

Seasonal Sea i AF
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Year- round
Navigation

Distance (Nautical Miles)
Hamburg to Yokohama

Northern Sea Route ~ 6,920
Suez Canal ~ 11,073
Panama Canal ~ 12,420
Cape of Good Hope ~ 14,542

r

Strait of Malacca

INSROP (1999)






Scenarios on the Future of
Arctic Marine Navigation in 2050

more demand

Arctic Race /\ Arctic Saga

High demand and unstable High demand and stable
governance set the stage for a governance lead to a healthy rate
“no holds barred” rush for of development that includes
Arctic wealth and resources. concern for preservation of Arctic

ecosystems and cultures.
unstable stable &
& ad-hoc < GOVERNANCE > rules-based
Polar Lows

Polar Preserve
Low demand and unstable

Low demand and stable
governance bring a murky and governance slow development in
under-developed future for the the region while introducing an
Arctic. extensive eco-preserve with
stringent “no-shipping zones”.
less demand

AMSA/GBN Scenarios Workshops ~ April & July 2007 &m
The Future of Arctic Marine Navigation in 2050 '

SOURCES & & TRADE

&

ARCTIC MARINE
SHIPPING ASSESSMENT






Sea lce

® Extent
decrease
is largest
during
summer

Extent
decrease
is largest
since

late 1980s

Extent
seasonal
decreases
since
1950s

Sea Ice Extent (million km?)

e el o e
O FRP N WM O

O L N W h~ O1 O N 00 ©

Northern Hemisphere Sea Ice Extent

: : 'f ; : ; : '
.:'- . b L | % .I . :
R Wi VoL YAt . ' .
. o '.!'-""'».".*"'uq
. WA
aahl LA AN baah 4 £ Bp i
] ] i T S LT B
e ¥
: AL
S A b
) i "."q.
E |
»—= gnnual
+—= winter (JFM) :
»—e spring (AM.J) Z
«—a summer (JAS) :
+—e autumn (OND) :
S0 OO INOWOoOWoWoWwowaowaoWwo o
O QO = = 0 0 O M T & O VOO I~IMNIGO@G@DOH D O O
2 2SR IRERIESIBESSR2IE S SO

Chapman & Walsh (2003)

i I A e e e e
=2 — M W & th Oy

2 = N W s n & -~ 2





—

2

5
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16 September 2002
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Univer=sity of [1linois - The Cryosphere Today





100

sea ice concentration (%)

16 September 2002

Mordey Ssptember 16 AT7:11:45 A COT

Univer=sity of [1linois - The Cryosphere Today
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*Eric Brossier

French Expedition Yacht

Captain Eric Brossier
47 ft, ~ 25 tons
30 July — 31 August 2002
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Changing Nature of Multi-year Arctic Sea lce

Thicker
.Sea I_ce Y

Canadian Archipelago

(OpenWater)OW 0 1 2 3 4 5 6 8 10+ Years





Changing Nature of Multi-year Arctic Sea lce

Possible Trans-Arctic Routes
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Arctic Sea Ice Decline: Faster Than Forecast (GrL,1 May 07)





‘Wild Card’ Issue 1~ Multiple Ocean Use
Management & Enforcement

Bowhead Whale Migrations & Arctic Marine Operations
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‘Wild Card’ Issue 2 ~ Arctic Ship Emissions
& Uncertain Regulation

New Scientist
22 July 2006

New pathway to
pollution in Arctic

(ME of the banuses of ghobal wp.u’n’-in.g
i5 tha potential for newe shipping
rowtes to open up thoough the Arctlc
3% ice retreats, shortening journeys by
many thousands of miles, There ks a
downside, howewer e

significantly baast
lewels of low-lying ozone as ship
ihausts pump pollitants into the
pristine environment.

Llirmate models indicate that the
northern passages = the north-east
coast of Sibena, northern Maska and
around the (anadian archipelago =
may be open to shipping duning the
summer modaths from around 2050

onwards. Claire Granier, from the
University of Pierre and Marie Curie in
Faris, France, and her colleagues
calculated the likely azone emissions
assodated with such a scenario,
assuming that the routes would be
atoessible for six months of the year.

MISSI0NS OF NICTOREN DXITES an
tarbon monoxide from ships could
triple azone levels, making them
tomparable to those in industrialise
reglons today (Geaphisical Research
Letters, B0 101009/ 2006GL026180),

IHit AFELIC 15 @ Wery sensitine
region and these very high ozone
bevels are likely to have a sariows
impact on plant life," says Wrike
Miemeder, 2 co-author from the Max
Plank Institute for Metesrslopy [
Hambasrg, bermany.

New northern
passages could
significantly boost
levels of low-lying
ozone as ship
exhausts pump
pollutants into the
pristine environment.

Emissions of nitrogen
oxides and carbon
monoxide from ships
could triple ozone
levels, making them
comparable to those in
industrialized regions
today.
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Today’s Maritime Arctic
(200 NM Exclusive Economic Zone)

GREENLAND
(DENMARK)

‘Wild Card’ Issue 3A

(M acnab 2000)






Hypothetical - Future Maritime Arctic
(After UNCLOS Article 76)

2500 metres -
200 NMEEZ __ _ msassssssssss
Cuter limits

(Macnab 2000)

‘Wild Card’ Issue 3B





Future Convoy Requirements?
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The M arltlme Ar ctic of the Future?

.I"- L'IIL Eh'_l_-al'l Marine Roulas

g Sea

Gt of Afaska 52 ,...FI S h I n g n

ptaki
'rl"l‘“ﬂﬂ swpue] 1877
Sovarskly Soywr. Augusl 1551
Foiar bEnEl i ] n_I::U_IS 5. Br-Laurent
iy ard Augual 1994

Coa loe, 16 Sppbember 2002

M'Clura Stralt

GREENLAND ¥

] r Gregniand

J'r' * Sod

@® Improving
Coastal Access

T JTIC OCEAN . [ by M pnui:-ul.nrr:. .!.-q:i"-:ru:r!:l:"
ATLANTIC OCEAN Atf , 3 for L. Brighm, USAR





Opportunltles Challenges & Risks
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AM SA Final Report Structure:
Assessment Topics
* Introduction & Geography
= History & Governance
= Current Levels (2004) of Arctic Marine Use
* Indigenous Arctic Marine Use (Town Hall Meetings)
= Scenarios & Futures (2020/2050)
= Environmental Impacts
» Social & Economic Impacts
= Arctic Marine Infrastructure

= Assessment Findings & Research Agenda





Potential AM SA Findings

Primary Driver ~ Regional & Global Natural Resource Development
Continued Sea Ice Retreat ~ Increased Access

New Ship Technologies ~ Allow Greater Access & Independent
Operations (No Convoys)

Minimal Arctic Infrastructure to Support Expanded Marine Activity

Greatly Enhanced Monitoring Required

Balance ~ Freedom of Navigation with Coastal State Marine Safety &
Environmental Protection Interests





		Arctic Council, PAME-led Arctic Marine Shipping Assessment

		

		Scenarios on the Future of Arctic Marine Navigation in 2050

		Bowhead Whale Migrations & Arctic Marine Operations

		Today’s Maritime Arctic  (200 NM Exclusive Economic Zone)

		Hypothetical - Future Maritime Arctic (After UNCLOS Article 76)

		The Maritime Arctic of the Future?

		AMSA Final Report Structure: Assessment Topics

		Potential AMSA Findings
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gpeaker Rear Admiral Arthur E. Brooks
ios

Commander, Seventeenth Coast Guard District
Papers

Rear Admiral Brooks was commissioned as an Ensign upon
graduation from the United States Coast Guard Academy in 1974.
His first duty assignment was aboard the Coast Guard Cutter
DEPENDABLE (WMEC 626), Panama City, Fla. where he served as
Student Engineer and Deck Watch Officer. In addition to his
Bachelor of Science degree from the U. S. Coast Guard Academy,
he holds a Juris Doctor degree from the Marshall-Wythe School of
Law, College of William & Mary, Williamsburg, Virginia. He was the
Coast Guard Fellow in the Department of State's 39th Senior
Seminar, National Foreign Affairs Training Center, Arlington, Va.
and is a graduate of the Harvard University, Kennedy School of
Government Senior Executive National and International Security
Program.

Sponsors

Rear Admiral Brooks has served in a variety of surface operations,
legal, command and staff assignments. Other afloat tours included
Commanding Officer, USCGC POINT HARRIS (WPB 82376) in both
Bodega Bay, Calif., and Apra Harbor, Guam, Mariana Islands;
Executive Officer, USCGC CONFIDENCE (WMEC 619), Cape
Canaveral, Fla.; and Commanding Officer, USCGC SENECA (WMEC
906), Boston Mass. Ashore tours included the Fifth CG District
Operations Center, Portsmouth, Va.; Assistant Staff Legal Officer,
Eleventh CG District, Long Beach, Calif.; Head, Department of
Professional Development, U. S. Coast Guard Academy, New
London, Conn.; Staff Legal Officer, U. S. Coast Guard Academy;
Commandant of Cadets, Coast Guard Academy; Commander, Coast
Guard Greater Antilles Section, San Juan, Puerto Rico; and Chief of
Staff, Coast Guard Atlantic Area, Portsmouth, Va.

Rear Admiral Brooks' awards include three Legions of Merit, the
Meritorious Service Medal with Operational Distinguishing Device,
three Coast Guard Commendation Medals, Coast Guard
Achievement Medal, and Commandant's Letter of Commendation
Ribbon, three National Defense Service Medals, three
Humanitarian Service Medals, three Coast Guard Sea Service
Ribbons, Expert Rifleman Ribbon, and Pistol Expert Ribbon.

© 2007 SL Ross Environmental Research Ltd.
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Speaker lan Buist
Bios
SL Ross Environmental Research Ltd.

Papers Ottawa, Ontario Canada

Sponsors

In situ burning is one of the few practical options for removing oil
spilled in ice-covered waters. In many instances in situ burning,
combined with surveillance and monitoring, may be the only
response possible. As with all countermeasures in any
environment, the suitability of burning a particular spill depends on
the characteristics of the spilled oil and how the oil behaves in the
particular ice conditions. There is an extensive body of knowledge
concerning in situ burning of oil in ice situations, beginning with
laboratory, tank and field studies in the mid-1970s in support of
drilling in the Canadian Beaufort Sea. In situ burning research has
been conducted primarily in Canada, Norway and the United
States. This paper serves as a review of the subject, focusing on
recent research results, summarizing the following topics:

e The basic requirements and processes involved with in situ
burning;

o Trade-offs associated with burning in ice-covered waters;

e How oil spill behavior in various ice conditions controls in situ
burning;

e The application of burning in various ice situations;

e In situ burning of oil spills in snow.

lan Buist is one of Canada's leading experts on oil spill behavior
and countermeasures and an acknowledged authority on in situ
burning. For four years he was chief research engineer for Dome
Petroleum Ltd. on oil spill prevention and control for their Beaufort
Sea program. In this capacity Mr. Buist was involved in the
development of several novel oil spill countermeasures techniques
including air-deployable igniters, incinerators and fire resistant
booms. He was also manager for several field experiments of oil
spill behavior and countermeasures in the Beaufort Sea. Since
joining SL Ross in 1983, Mr. Buist has developed oil recovery
concepts for use in ice conditions, researched the use of chemicals
to enhance spill control, analyzed the response needs of drilling
and production operations in the Atlantic, Pacific and Arctic oceans,
conducted numerous experiments to predict the behavior of
various crude oils and study alternative countermeasures, and




performed field and tank trials to evaluate oil spill behavior and
response in open water and ice conditions.

Over the past twenty years Mr. Buist has been heavily involved in
various projects related to in situ burning, and continues to be
regarded as one of the world's leading authorities on the subject.
Another of Mr. Buist's special areas of expertise is the
mathematical modeling of oil spill processes. He has developed
algoritms to describe oil spill behavior (spreading, dissolution,
dispersion and emulsification), and in situ burning (of both slicks
and surface blowout plumes).

© 2007 SL Ross Environmental Research Ltd.
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In Situ Burning for OIl Spills
In lce-covered Waters

|an Buist
SL Ross Environmental Research






Brief History

e | SB has been studied since late *60s (Torrey
Canyon) as a countermeasure for oil spills

e Much early work in 1970s and early 80s was on
applications in Arctic waters

e \With development of fire-resistant booms in‘mid-
to late-80s came serious consideration of 1SB In
open water

e \Work in 90s focused on extending window of
opportunity through igniter and fire boom
Improvements





Ouick Review: The Basics of ISB on Wate

eBurning processes
elgnition and Extinction
e Flame spreading

e Slick thickness
eBurnrate

e Removal efficiency






BASIC PROCESS

T = 900 to 1200°C

Radiant
Heat Fuel

Alr ; Vapor
l OIL

Water Heat transfer
through slick






HEAT BALANCE

T, = Fire Point
~ 400°C

TFLAME:#..I: 1000°C

Air

Oil Slick

/

\Eval = 100°C

WATER ™~






IMPERFECT EFV

All HC’s with T, = 750°F
plus some of HC's with T, > 750°

|

l Remainder of HC's with T,>> 750°F






For Extinction
»determined by heat transfer through slick and

iIncrease in fire point of oil as it burns

T =1000°C

Fire Point = 90%( T = 550°T3 10 mmr

" T=430C .
B ) Fj—_amc_l e

T =0-100°C Fire Point = 320°C






Slick Thickness

e Most important variable for in situ burning

® Thick dlick insulates surface otl. from cold
waler

e Allows high surface temperatures to develep

e As burning slick thins, more heat transfers
to water

e Eventually cools surface to below Fire Point
and extinguisnes






PROCESSES GOVERNING IGNITION

»determined by heat transfer through slick and
fire point of ol

FOR SUCESSFUL IGNITION TO OCCUR:
* slick must be thick enough to insulate oil surface
* ignitor must be hot enough to heat surface oil IGNITER
above Fire Point
* flame must spread over oil

T> Fire Point /\/\/ &

Fire Point= 90"0 | )l 5ur[am tension

T=0- 25“0 WATEH






Rules of Thumb: Minimum Thickness
for Ignition on Water

@ Fresh crude oil =1 mm
e \\Weathered crude, diesel (no emulsion) =210 3 mm

e Residual fuel oils (IFO 380 aka No. 6) = 10 mm
e Emulsions = 10+mm





e Critical for efficiency
e Flame spreading.slower with:
—Increasing evapor ation (few
—Thinner dlicks (less insulation

mngwater content -~ « 4
L e spreading faster with increas Jwind,

(but little crosswind sp_r mg) |
e Steep/choppy waves r yfi@ime spreading -






SINTEF 2007 Burns on Landfast Ice






Rules of Thumb: Oil Removal
Rates on Water

Strong function of size of fireup to 3.to 5 m
Weaker function of oil type and thickness
For large crude ail fires (in boom) = 3.5 mm/min

Lighter fuels burn slightly faster (diesel= 4
mm/min, gasoline = 4.5 mm/min)

For small fires (melt pools) = 1 mm/min





Burn Efficiency and EXxtinction

e Residue remaining:
—1 mm for crude oil up to 20 mm thick

— Thicker residue for thicker dicks (3to.5 mm
for 50 mm)

— Thicker for residual fuels and emulsions
—1 mm for distilled fuels

®Removal efficiency function of:
—Initia dlick thickness

— Residue thickness
— Flame coverage






Burning Oll in Snow

ry

44
- b

e Mixtures containing up to 70% Snow (wt)
can be easily burned in situ
e Promoters effective for lower oil contents

e For still higher snow/lower oil contents can
also pile snow into hollow cones and ignite
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State of Art: ISE In lce Conditions

e Oto 3tenths(very open drift ice)
— QOll spread and movement not affected much

— Use open-water techniques (fire-resistant booms, etc.) in
traceice (<1/10th)

e 4106 tenths (open drlft |ce)
— OIl spread slowed by ice pieces
— Difficult to maneuver booms
— Attempt uncontained burning of thick slicks
e /to 9+ tenths(close and very close pack ice) -
_ Eloes touchina: oil contained.easvto burn-thick oil

o —





Technology Gap

Can burn thick slicks in close pack ice
(with atimely response)

Needed to address | SB for thin slicksin
drift ice (Rules of Thumb, how to
thicken without booms)





Research since 2000 on Thin
Slick ISB In Brash and Slush Ice






Ratlonale

m— —

o Previous Iaboratory and field research studies =
focused on burning of thlde(—>>_,1 cm)ﬂri_ﬂﬂ
sicksinclosepackice. . . - -~ = = =

-"*-—..c..l"-i_.-‘_ =

e For oil spilledindriftice, *freld,expenen,ce has =
shown that it is the small ice pieces that WlH =T

accumul ate with the oil against the edges of
larger ice features or booms and control the
local concentration (I.e., thickness) of oil

"""!-





Research Objective

e To Investigate the minimum ignitable thickness,
combustion rate, resildue amount-and the effect
of waves for thin oil slicks burned in situ on
slush ice typical of freeze-up and brash ice
typical of break-up

e Focus was on thin oil slicks, such as those that
could be generated by blowouts or sub-sea
pipeline leaks





Overview

Study Conssted of aliterature review, small=scale
burns in a chilled indoor wave tank in Ottawa and
mid-scale burns in an outdoor wave tank Gl

Prudhoe Bay.






Methods

e Four Alaskan North Slope crude oils used for
both phases of study.

e Some of the olls were artificially evaporated.
e Tests were designed around two forms of Ice;

1. homogeneous slush ice (also grease or ‘shuga)
with very small particle sizes (equivalent'to a
slurry); and,

2. a hon-homogeneous mix of brash ice with
piece sizes up to 30 cm and 10 to 12 cm thick















Methods

e Burn tests were conducted inamedium-size
wave tank 1n Prudhoe Bay in mid-October 2002.

e Burn ring was a 20-foot section of old Shell fire
boom formed into a 1.7 m diameter circle.

e Boom held loosaly in the centre of the wave tank
by wires attached to the side of the tank.
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Results

e Test matrix included crude oll type (4), degree
of evaporation (for 2 crudes), icetype (brash,
slush and o/w) and waves (calm or low.swell).

e Calculated burn rate (mm/min) and removal
efficiency (weight %0).

e Parformed 42 burns




















Rules of Thumb

The following distills the many lab- and mid-
scale results down to smplified “ rules-of -
thumb” for the burning of thin oil slicksin Situ

on brash or slush ice:





Minimum-lgnitable Thickness

e Minimum ignitable thickness for fresh crude on
slush or small brash iceis up to double that on open
water, or about 1.5 to 2 mm.

e Minimum ignitable thickness for evaporated crude
oll on slush or small brash ice can be higher than
on open water, but 1s still within the range quoted
for weathered crude on water, about 3 mm, If
Ignited with gelled-gasoline igniters.





Burn Rate

For agiven spill size, the burn rate in.calm
conditions Is about halved on relatively. smooth
slush ice and halved again on rougher, brasn ice.
Wave action slightly reduces the burn rate on open
water, but the halving rule seems to apply in waves

aswell.





Removal Efficiency

The residue remaining on brash or slushiice in calm
conditionsis about 1.5 mm vs. 1 mm on o/w:(50%
removal vs. 67/%). The residue remaining on brash
or slush ice in waves is dightly greater than n calm
conditions, about 2 mm (33% removal).





Summary
(ISB of Thin Slicks in Brash or Slush Ice)

The combination of the minimum: ignitable
thickness rule of 3 mm for weathered olil, and
the residue thickness rules infers that 3-mm
slickson brash or slush ice can be burned In
situ with removal efficiencies on the order of
50% In calm conditions and 33% In wave
conditions compared to 6/% on open water.





~ Ongoing Research: Herding Agents
to Thickemlﬂ‘oLISB in Drift Ice






New Research: SINTEE JIP Oil in Ice






Effective Burning Depends On:

Thick oll
Good flame coverage
Timely response
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Speaker lan Buist
Bios
SL Ross Environmental Research Ltd.

Papers Ottawa, Ontario Canada

Sponsors

In situ burning is an oil spill response option particularly suited to
remote ice-covered waters. The key to effective in situ burning is
thick oil slicks. Concentrated pack ice can enable in situ burning by
keeping slicks thick. In loose pack ice conditions oil spills can
rapidly spread to become too thin to ignite. Fire booms can collect
and keep slicks thick in open water; however, even light ice
conditions make using booms challenging. A joint industry group
recently completed a multi-year study to evaluate oil-herding
surfactants as an alternative to booms for thickening slicks in light
ice conditions to facilitate in situ burning.

Small-scale laboratory experiments were completed in 2004 and
2005 to examine the concept of using herding agents to thicken oil
slicks among loose pack ice for the purpose of in situ burning. The
encouraging results of the preliminary experiments prompted
further meso-scale testing at the US Army Cold Regions Research
and Engineering Laboratory (CRREL), the Ohmsett facility, and the
Fire Training Grounds in Prudhoe Bay, AK.

The non-proprietary cold-water herder formulation used in these
experiments proved effective in significantly contracting oil slicks in
brash and slush ice concentrations of up to 70% ice coverage.
Slicks in excess of 3 mm thick, the minimum required for ignition
of weathered crude oil on water, were routinely achieved.

Slicks that were too thin to be ignited after spreading to
equilibrium were thickened by applying herder, ignited, and burned
equally well in both brash and slush ice conditions at air
temperatures as low as -17 °C. The burn efficiencies measured for
the herded slicks were only slightly less than the theoretical
maximums achievable for equivalent-sized, mechanically contained
slicks on open water.

lan Buist is one of Canada's leading experts on oil spill behavior
and countermeasures and an acknowledged authority on in situ
burning. For four years he was chief research engineer for Dome
Petroleum Ltd. on oil spill prevention and control for their Beaufort




Sea program. In this capacity Mr. Buist was involved in the
development of several novel oil spill countermeasures techniques
including air-deployable igniters, incinerators and fire resistant
booms. He was also manager for several field experiments of oil
spill behavior and countermeasures in the Beaufort Sea. Since
joining SL Ross in 1983, Mr. Buist has developed oil recovery
concepts for use in ice conditions, researched the use of chemicals
to enhance spill control, analyzed the response needs of drilling
and production operations in the Atlantic, Pacific and Arctic oceans,
conducted numerous experiments to predict the behavior of
various crude oils, and performed field and tank trials to evaluate
oil spill behavior and response in open water and ice conditions.

© 2007 SL Ross Environmental Research Ltd.
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Using Herding Surfactantsto
Thicken OIl Slicksin-Drift [cefor
In situ Burning

|an Buist
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How do_herders work?

Small amounts
of herder
3 sprayed on
water around
B perimeter of
slick
Herder rapidly
spreads to form
monolayer

Herder changes
surface chemistry of
water causing slick
to contract into
smaller area






Summary of Previous Testing

Three series of tests completed sofar:

1. Preliminary concept feasibility tests
In 2003

2. Small-scale lab tests 1n 2004
3. Mid-scale tank tests in 2005/06





 Preliminary & Small-scale

%si\s






Conclusions from Preliminary
and Small-scale

e Composition of oil playsastrong rolein
determining the efficacy of herding.

e The USN cold water herder formulation
outperformed both the other herders

e A 1.6 m/swind balanced the effect of
the herder on a dlick.





Conclusions from Preliminary
and Small-scale

e \Waves did not detract from immediate
effectiveness of the herder; breaking waves
dispersed the herder into the water column.

e Herded slicks ignited and burned in open
water and in the presence of ice blocks.

e Burn efficiencies were ssimilar to those
measured for contained dslicks of the same
dimensions.

LI





Mid-scale Tests To Date

1. A test program at the scale of 100 m?
In the indoor |ce Engineering. Test
Basin at the US Army Cold Regions
Research and Engineering L aboratory
In November 2005.

2. A test program at the scale of 1000 m?
at Ohmesett In February 2006.

LI





CRREL Test Varlables

LTS

- 2. lcetype (brash or fraZ|I)
3. Air temperature (0° and —21°Ck
4. \Waves (calm and small waves)
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CRREL Summary

e USN herder significantly contracted Hydrocal
slicksto » 3 mm in brash ice < 70%.

e Frazil icerestricted spreading of oil and herder.

e Herded thickness declined slowly over 1 hr.

® Herder seemed to work aswell at air
temperatures of —21°C asit did at 0°C.

e Short, choppy waves caused herded dlick to
break up into small dlicklets.





Ohmsett Tests Sag-u

Vi

e Test herdersat 1000 m2'--:'_' | s
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Ohmsett Summary

e Herder contracted crudeoil slicksin loose, free-
floating brash ice. Thicknesses> 3 mm achieved
with larger volumes of fresh and evaporated
crude.

e Herded crude thickness declined slowly.

e \Wind caused smaller-volume herded slicksto
break up into small slicklets.

e L ong waves did not cause herded slick to break
up, and may have assisted the process by helping
spread the herder over the water.

LI





Field Burning Experiments

Prudhoe Bay in November 2006:
e Researched herding and burning at scale of 30 m?

e Constructed outdoor test pool at Fire Training
Grounds

e Surrounded by windbreak to minimize wind drift
e Used salineice blocksto ssmulate brash ice
e Used snow to ssmulate slush ice





Prudhoe Bay Experiments
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Prudhoe Bay Experiments






Prudhoe Bay Experiments
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~ Prudhoe Bay Experlments






Prudhoe Bay Experiments






Prudhoe Bay Experlments
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Prudhoe Bay Experiments
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Prudhoe Bay Experiments
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~ Prudhoe Bay Experiments

OF LL 2002
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Prudhoe Bay Test Matrix

e VVaried:
— Ice type (brash, slush, open water)
— |ce concentration (0, 10% and 30%)
— Oil volume (7.5and 15 L)
— lce grounded vs. floating
— Waves (small)

e Completed 21 tests with Kuparuk crude





Prudhoe Bay Results - Herding
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Prudhoe Bay Results -Herding

Herding Efficiency
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Prudhoe Bay Results —
Herding in Waves






Prudhoe Bay Experiments
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Prudhoe Bay Results - Burns

Removal Efficiency vs. Herded Thickness

O 15-L Burns

0 7.5-L Burns
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Contained OIl
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Prudhoe Bay Summary

® Herder contracted crudein brash & dush ice<
30% to thicknessesroutingly > 3 mm.

e Frazil icerestricted spreading of oil'& herder.

e Short, choppy waves caused herded dick to
break up into small dicklets (relatively small
volumes of oil may be explanation)

e L onger, non-breaking waves did not cause slick
to break up.

LI





Prudhoe Bay Summary

e Herded dicksignited & burned in brash and
slush ice< 30% at air temperatures>-17°C.

e Removal efficiencies averaged 50% for 7.5-L
sicks & 70% for 15-L dlicks.

e Typeof ice (brash vs. slush) did not
significantly affect removal efficiency.

e Burning slicks spread dightly, but as flames
began to die down, residue re-herded.

e Generally not possibleto reigniteresidue.






Prudhoe Bay Summary

® Steeper, cresting waves detracted from burn
efficiency - longer, non-breaking waves did not.

e Removal efficienciesfor herded dickscloseto
but slightly lessthan theoretical for eqguivalent-
sized contained dicks.

e Removal ratefor thedicksin therange
expected for equivalent-sized contained slicks.

LI





What's Next

L ab-scale experiments to identify other cold-water

surfactants more effective, or longer-lasting, than USN.

|mprove the cold-weather handling characteristics of the
best herder.

Experiments to explore if herding agents might enhance
mechanical recovery in pack ice or chemical dispersion.

Preliminary experiments to explore if herding agents
might help in clearing oil from salt mashes.

Develop application system for large-scale herder use.

~ull-scale field trial of herding & burning crude oil In
nack ice planned for Svalbard in 2008 and/or 2009 as
part of SINTEF Oil inlce JIP.

LI
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Speaker Hajo Eicken
Bios

University of Alaska Fairbanks
Papers

The Beaufort Sea ice cover exhibits a distinct zonation. Landfast
ice lines the entire coastline during the ice season. Grounded
ridges along the outer edge stabilize the landfast ice and separate
it from recurring leads in the flaw zone. In recent years, Beaufort
Sea ice has substantial thinned, with a northward retreat of the
summer minimum ice edge. The ice regime of the coast and inner
shelf has changed in a more complex fashion, with later freeze-up
and higher winter temperatures. Maximum landfast ice extent has
not changed significantly, but winter break-out events are
increasingly common.

Sponsors

The presentation will conclude with a discussion of implications for
oil-spill scenarios. Remote-sensing data reveals substantial local
variations in key variables, such as onset of stable ice or break-up,
with Prudhoe Bay exhibiting a particularly long, stable landfast ice
season. There is some evidence that the deformation regime of the
flaw zone and ice-seafloor interaction have changed over the past
few decades. At the same time, multiyear ice occurrence in
inshore waters has decreased significantly, although incursions of
multiyear ice from the Northeast during the winter are still quite
common.

Hajo Eicken is Professor of Geophysics at the University of Alaska
Fairbanks (UAF). Before joining UAF, he was a senior scientist at
the Alfred Wegener Institute where he led the research group for
sea ice physics and remote sensing. Dr. Eicken's research interests
include studies of the growth, evolution, and properties of sea ice
in the Arctic and Antarctic. He is particularly interested in
determining how microscopic and macroscopic properties affect
larger-scale sea-ice processes and its role in the climate system.
Dr. Eicken is serving on a number of scientific and technical
committees. Currently he is heading an effort at UAF to enhance
use of scientific data by a range of different stakeholders at the
local and international level during the course of the International
Polar Year.

© 2007 SL Ross Environmental Research Ltd.
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The Beaufort Sea ice cover In context

16. 2007 nsidc.org ¢ Remote sensing and field based
Sep 16, 200 J observations w/ support from MMS &

NSF-IPY

Source data from Mahoney, Cotter,
Graves, Shapiro, Eicken
(mms.gina.alaska.edu) & others as
iIndicated

Summer minimum
median ice edge (‘79-'00)
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Annual sea-ice cycle & operational windows

December

Freeze-up &
Ice advance

September

June

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Minimum Ice extent anomalies, onset of

freezing/melt, freezing/thawing degree-days

Northern Hemisphere Extent Anomalies Sep 2007 Dste of onse of rezing y=03131c- 38257
20" s oe /\ NV
17 Perd AT
10 - A 07 V w VW
O % . I28‘1948 1958 1968 1978 1988 19;.)8
g Total freezing degree days y= 13 658)(2 5;813
®Q -10° 6000 :
- N AN
g 5000 'W\J VA f\,\
20 o v \/ BRA L van va
-30 E 30001948 1958 1958 1978 1988 1998
-40 E Date of onset of thawing y= .o,gg;igg 67?304 51
1970 1980 1990 2000 2010 "] A A
slope = -10.2(+/-3.4) % per decade M::M: NAERVAWA S Ay~ .A\/_ A
NSIDC (2007) e e e s e e
« Reduction in summer ice | ke
« Beaufort/Chukchi: Earlier melt, oL A Aa A “\/A'/\ .
reduced freezing degree-days

1988 1988

Mahoney et al. (2007)
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The open water season

160° 150°
Aleutian North Slope, Bering Slope & Anadyr Waters mmmmsss Mackenzie Shelf Water
mmmm— Atlantic & Intermediate Water Siberian Coastal Current
s Transpolar Drift s Alaska Coastal Water
I m = m September Ice Maximum & Minimum Extent Bering Shelf Water
e Beaufort Gyre M Beaufort Nearshore Circulation

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones

Surface ocean
circulation &
potential open-
water oil
dispersal
patterns
(Weingartner &
Danielson,
www.ims.uaf.ed
u/beaufort/)

Coastal current
& nearshore
circulation:
Complicate ice
drift & defor-
mation patterns
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Landfast ice zone

idges (shear/stamukhi
zone)
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Seasonal cycle of landfast ice extent

Oil & Ice Workshop: Beaufort Sea Ice Zones

Mean controlled
by bathymetry

Maximum
controlled by
pack/landfast ice
Interaction
(stable
extension)
Minimum
controlled by
break-out events
Inupiaq ice
experts: Break-
outs much more
frequent since
early 1990s




First
| ce*

Stable
| ce

Break
up

| ce
Free

This study

Barry et al. (1979a)

Zone | Zone | Zone | Zone | All Central Central
2 3 4 zones | Chukchi | Beaufort
Oct Nov | Nov | Nov _
25 (04 |9 7 Early Mid
o |318 |96 |114 |175 |164 |™NOvember | October
M ean Feb | Jan Jan Jan Feb
23 22 28 27 01 Feb Jan/Feb
o 419 1301 [326 [349 |341
M ean Jun |[Jun |Jdun [ May [ Jun
04 11 04 26 06 3un 10 3un 30
o’ 139 (142 |13.7 | 126 |14.6
M ean Jun Jun Jun Jun Jun
18 24 24 06 18 Jul 05 Aug 01
o’ 12.7 | 84 126 |10.2 (104

*1996-1998 omitted from analysis

10/10/07
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First
continuous
fast ice

Stableice
inside of 15
m isobath

First
openings
and
movement

Near shore
largely free
of fast ice
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Oil & Ice Workshop: Beaufort Sea Ice Zones

Spatial and
temporal
variability in
key seasonal
events

Early onset
(e.g. Prudhoe
Bay) vs. late
onset (e.g.,
Point Barrow)

Stable vs.
variable ice
regimes
Importance of
local
conditions




Pack-ice movement

* Lower atmospheric pressure favors “cyclonic” circulation:
Faster export of ice

Transpolar Drift expanded, Beaufort Gyre reduced in extent

s

’f‘f"f;;cs'i'tlcyclonl_c B0 i

'\l'.\

(2002) e 1o 1061y
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Divergence & shear between
pack & landfast ice

A
=
(@]
>~
—~
N
(@)
(@)
o)
—

 Time fraction that ice is “active”: div >0.02/day, shear >0.03/day
e Lack of data over shelves and in coastal regions

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Lead occurrence patterns (1993-2004)

Flaw leads and polynyas

Grounded ice
> | eads at
: edge of
‘ * a : I stable extension *
Arches and “Spring” ice
4— acing leads Connected network of
o : open water around floes
”'L;_ | s )
' * from ENE
Coastal floodingand (Barrow, 1971-
melting of landfastice el 2000) or E
oy . >60% (Barter 1sland,
[ || ] 1971' 1988)
0 500 km



Kilometers

10/10/07

The Flaw Zone

Flaw zone:

Oil & Ice Workshop: Beaufort Sea Ice Zones

few km to >100 km
wide

Separates landfast
from pack ice

Shear/rotation of
floes, propagation of
cracks

Few data on ice
motion and
deformation in flaw
zone
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Movement & mobilization of oll In sea ice

Release into open water and leads

Trapping In rubble, rough ice & frazil (potential for sediment-
oll interaction)

Movement with drift ice vs. local confinement in landfast ice

Upward percolation in spring. Earlier onset of warming &
melt, more permeable ice cover?

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Multi-year ice Incursions

 Reservoir of MY ice north of Canada: Delay of seasonal ice
retreat, summer & winter ice hazard, variability in summer ice
conditions over shelf

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Summer ice variabllity:
Regional ice regime
vS. Arctic ice regime

Length of Barrow-Prudhoe
navigation season, severity
of ice in coastal Chukchi-
Beaufort Sea in August-
September (computed by
National Ice Center)

Resolution/accuracy of
remote sensing data

Interannual & local variability
Summer ice Iincursions

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




| ease areas In relation to ice conditions

Lease sale data: MMS (2005)
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lce morphology

Oil & Ice Workshop: Beaufort Sea Ice Zones

Potential lack
of grounded
ridges as factor
In reduced ice
stability

Impact of ice
morphology on
under-ice
currents and
potential oll
dispersal




Dynamics of the flaw zone

Point Barrow

- -
Wiley Post- WilrRogers—
\ Memorial Airport

« Coastal marine radar at Barrow provides glimpse of key
processes Iin flaw zone and landfast/pack-ice interaction

 More details in Mahoney et al. (CRST, 2007) & at
www.gi.alaska.edu/snowice/sea-lake-ice/data.html

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Pack-ice/landfast-ice
Have changes in ice circulation
and ice thickness resulted In

different deformation modes . : ;
Multiple rafting with

; .
(raftlng VS. 1idging): sediment layers in lower
' sections

.
-
\
W
:
| . - ’
g 3
o




Annual sea-ice cycle & operational windows

 Open-water
operations
regime longer,

Freeze-up & potential for ice

Ice advance incursions

Landfast-ice _

break-out Landfast-ice

events operations
regime shorter,

potential for

December

March break-outs

Flaw-zone

\ regime more
& Mobilization of variable in time

lce ice-trapped oll & space

incursions Winter-spring ice Highly specific to
transition (lead cular | _
densities increase) ~ Particular location

Spring
June flooding

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




The value of integrated sea-ice observations

Remote sensing (km-scale): Ice
extent and evolution

Coastal radar (sub-km scale):
Ice dynamics and evolution

EM thickness and DGPS
topography surveys (sub-km
scale)

Ice mass-balance site (10s m-
scale): sealevel , water
temperature, ice & snow
thickness & temperature

Local ice observations (J.
Leavitt, A. Brower Sr. and
others): Inupiaq expertise & ice
use, annual cycle

Seasonal Ice Zone Observing
Network (SIZONet) IPY Project

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones




Conclusions

Data exchange meeting
Thursday 4-6pm

1007 W 3rd Ave, #100
Flyers & white paper
outside meeting hall

Open water season: longer, potential
for ice incursions (ice detection)

Landfast ice: extent little changed,
less stable (lack of grounded ridges
and stabilizing factors)

lce morphology & under-ice currents

Flaw zone: Change in ice dynamics
(rafting, sediment entrainment, break-
outs)? Need for quantitative
Information

Multi-year ice reservoir remains in
Canadian Arctic

Role of local expertise in integrated
observations and spill response

10/10/07 Oil & Ice Workshop: Beaufort Sea Ice Zones
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Speaker Arturo A. Keller
Bios
Bren School of Environmental Science & Management

Papers University of California Santa Barbara

Sponsors

Increasing oil exploration, production and transport in Arctic waters
will increase the risk of an oil spill occurring in cold and ice-
infested waters. The presence of ice crystals in oil emulsions
affects the adhesion processes between an oil slick and the surface
of an oleophilic skimmer and prevents oil from being efficiently
recovered. The objective of this project was to perform a
comprehensive analysis of the adhesion between oil or ice-in-oil
mixtures and various surface patterns and materials, under cold
climate conditions. This knowledge was then applied to improve
existing mechanical response equipment. The novel recovery
surfaces that proved to increase the recovery efficiency of a drum
skimmer up to two times in warm waters were also successful in
cold climate conditions. Based on the results of the laboratory tests
at subfreezing conditions, we selected materials and surface
patterns with the highest oil recovery potential under cold climate
conditions, and performed field scale oil spill recovery tests with
three different oils. This provided valuable information about the
correlation between the laboratory tests and full-scale
experiments. It also demonstrated the potential of the skimmer
modifications under conditions similar to response operations. The
field tests were very successful, with high rates of oil recovery
under cold climates, with and without ice present. However, the
presence of ice did decrease the overall rate of oil recovery to
some extent.

Arturo Keller received M.S. and Ph.D. degrees in Civil and
Environmental Engineering from Stanford University. He holds a
B.S. in Chemical Engineering and a B.A. in Chemistry from Cornell
University. Dr. Keller has more than 20 years of industrial
experience in projects involving wastewater treatment, hazardous
waste handling and management, pollution prevention and
minimization, recycling and process modifications to reduce
emissions. He is a Professor at the University of California in Santa
Barbara.

© 2007 SL Ross Environmental Research Ltd.
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Objectives

> Characterize properties that affect oll recovery in
cold climates

> Perform full-scale test of novel drum recovery

surfaces tailored for oll spill recovery under cold
climate conditions

> Understand effect on recovery process of:
Cold temperature
Mixtures of slush ice and oll

Different drum geometries and surface materials
Skimmer operational conditions




Preliminary Lab Work




Physicochemical Prop
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Olll & Ice Mixtures

30% icel/fresh Endicott mixture 60% ice/ HydroCal 300 mixture

80% ice/fresh Endicott mixture 40% ice/diesel mixture
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Oll & Ice Mixtures
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Ice content (weight %)

—a— Diesel
~—= HydroCal 300
—a— fresh Endicott

—e— weathered
Endicott
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Oll & Ice Mixtures

Endicott HydroCal 300

O Weathered

B Fresh

Surface Tension (mMN/m)
Surface Tension (mMN/m)
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Oll Recovery




Oll & Ice Mixtures

Fresh Endicott HydroCal 300
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Summary of Lalb Work

> Expect much higher viscosities

> lce/oll mixtures likely to separate for lighter
olls

> For more viscous olls or higher % ice,
expect oil coating ice, very high viscosity

> High recovery at lower temperatures (high
Viscosity => more adhesion)

o Decreasing with increasing ice content
> Expect Neoprene to do better than ethers




Fleld Test Variables

Temperature:

e -1to-3°C

Olls:

o Endicott, Hydrocal 300, Diesel
Oll film thickness:

o 20-30 mm

Drum rotational speed:
« 10-60 RPM

Drum surfaces:
o Aluminum, LDPE, Neoprene, Hypalon

Drum geometries:
o flat, 20°, 30° and 40° neminal groeve angles




Field Tests in Feb in NH




Cold Regions Research & Eng. Lab
(Army Corps of Engineers, NH)




Ohmsett test tank




Full-scale skimmer

Photo courtesy of American Elastec, Inc.




Minimax Skimmer

Photo courtesy of American Elastec, Inc.







Endicott (fresh)
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HydroCal 300







Flat drums




Oll' Recovery w/o Ice

Endicott at -1°C, No Ice Hydrocal at -1°C, No Ice
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Endicott and 30% ice




Minimal ice build-up




HydroCal 300 and 30% Ice




Oll Recovery with Ice

Endicott at -1°C, With Ice Hydrocal With Ice
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Diesel recovery

Diesel at -1 °C, No Ice
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Conclusions

> High recovery rates for light to viscous olls
under cold conditions

> Presence of ice (30% by weight) reduces
oll recovery but recovery rate still quite
acceptable

> No significant ice build-up behind skimmer
for 25 mm slick thickness

> \Water recovery was relatively low




Conclusions

> Groove angle and depth may be optimized
for specific conditions

> Surface materials play secondary role

> Larger system can recover up to s00
L/min (80 gal/min) of Endicott or HydroCal

> EXisting systems can be retrofitted to
much more effective grooved drums
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Sample test results at 10 °C

Endicott at 10C

[ Emusified water
[ ] Free water
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Recovery in liters/min ~ /3.785 L/min = 1 gal/min




Sample test results at 25 °C

HydroCal and Endicott at 25C

Bl Oil
[ Emusified water
[ ] Free water
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Bjogrn Kristoffersen
Statoil Barents Region, Stavanger Norway

Statoil's environmental policy is funded on the ambition of zero
harm to the environment and sustainable operations. This policy
has a holistic approach and focus on conserving biodiversity,
limiting emissions/discharges, limiting use of land/resources and
involving stakeholders.

According to the title, the presentation is giving an overview of the
environmental strategies necessary to meet the changing
environment in the Barents Region. A large area, with proven
reserves and exploration potential and with favourable location for
the markets. With a basis on the Snhvit LNG development,
Shtokman and other exploration/projects, this region is an
important gateway to the Arctic. The environmental and socio-
economic challenges of the Arctic require close co-operation
between all stakeholders to ensure co-existence and sustainable
technology. Statoil is committed to developing technology for
operations anywhere in the Arctic within 2030, and our
environmental policy is tailor made to support this. We have
established an extensive co-operation program with authorities,
research institutions, indigenous people organizations, fishery
interests and others to meet our goals in the Barents Region. Our
approach is risk based which means that we focus on identifying
Best Available Technology to reduce the probability for accidents
and we establish the best possible measures to reduce impact from
any potential hazard.

Oil spill contingency in arctic waters is a condition for sustainable
operations. This is reflected by the comprehensive program Statoil
has initiated in the Barents Region, by building knowledge and
contingency ability in close co-operation with regional interests in
Norway and Russia.

Bjorn Kristoffersen is (as of September 2007) Vice President
Environment of the Barents Region business area in Statoil
International E&P. Statoil is an international oil company with
interests in more than 30 countries. The company is partly owned
by the Norwegian State and has developed world-class offshore
operating competence throughout the development of the




Norwegian Continental Shelf, a harsh environment stretching from
the North Sea to the Barents Sea. Statoil is merging with the
Norwegian oil company Norsk Hydro on October 1st. Mr.
Kristoffersen has been with Statoil for 23 years and has been
involved in most project developments in Norway up to 1995 when
he was posted in Azerbaijan as environmental manager for
Azerbaijan International Operating Company. After four years in
the Caspian region he has been with Statoil International E&P
working in Brazil, Venezuela, Africa, Russia and other parts of the
world. The latest three years he has been engaged with
environmental challenges in the arctic region.

Note: Statoil merged with Norsk Hydro and from 1st October 2007
and the two companies are now known as StatoilHydro.

© 2007 SL Ross Environmental Research Ltd.
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Environmental Strategies While Moving into a New and
Challenging Oil and Gas Province — The
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The Area of Interest

® Multi-ethnic periphery

e FEQION

- . MapPoint;

~ . 2 * Natural resource-based
“ % economies

® Potential tensions between
stakeholders

® \Jast areas under Russian
and Norwegian sovereignty

® Harsh climate and physical
conditions

® Pristine and vulnerable eco-
systems

StatoilHydro





The Opportunities

Increasing focus on
hydrocarbon
developments

e Snghvit and
(I, N SR
| , . T _ « Remoteness and lack
T oo e Sea 3, boundory | g T of infrastructure

areda

* Unresolved boundary
area

 Integrated
Management Plan in

RUSSIA 1;?-::-;
o)
¥ Norway

Ty
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The "co-existence circle of the ARCTIC”
A model for sustainable development

Authorities

Environmental
standard

“Ikon/ ared”

Environmental Polarfront

knowledge Ice- edge

The Barents Sea
Climate

Technology Oil spill contingency

Vulnerable- robust Day- light
Indigenous Projects
people
Other ol International
companies environmental

processes

StatoilHydro





ST _ Focus Areas

uc *-;?.1';‘..* 1.Scenario 2030 5 Stakeholder
L ESIA challenges engagement &
P e it g CSR

2. Knowledge of

ecosystems :

6. Regional
cooperation &
knowledge

3. HSE standards &
environmental
technology

7. Profiling &
alliances

- 4. Emergency
response & oil
spill
contingency 8. Projects: Shtokman and other

StatoilHydro





1. Scenario 2030 — Environmental and Social Challenges

. . Emd Zeebrugge
Society Environment : : mden

.  Fisheries * Climate

| Indigenous e Discharge to | s Kérsto
peoples sea ' ~Kollsnes

eTransportation = Acute Nyhamna

. Communities dISCharges

 Stakeholders = Land use
e Habitat

fragmentation PV A Tromsg
RS RN Melkoy

e Benefits

- Waste Phase 1:

Snohvit 1&11 Impact
identification

' G Area F Area
&

Barents Vest
assessments
=&

Shtokman i.,_" : Phase 2:

Action plan,
concrete

’ _ . i measures
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Socio-economics 2030

® Scenarios: "Ways of rehearsing the future”

The Frontier
srapid economic growth
edense social and cultural networks

ssuccessfull natural resourcebased development

The Marginalized Region
sextensive activity but few regional effects
*no dynamic region, the region is lagging behind

sremote region tapped for all kinds of resources

The Shifting Balance

*high degree of oil/gas activities but regional effects only in
Russia

*Norway a ” nature Museum” with focus on tourism

*high focus on protecting Sami interests

No one-to-one
relationship between
extensive oil/gas
development in the
Barents Sea and the
effects created in the
adjacent region

Many actors do play an
important role.
Production of regional
effects can hardly be
left to the regional
actors alone

Developments in the
High North are
influenced by a large
range of factors, only
marginally linked to
oil/gas activities as
such

StatoilHydro
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Climate Change *The rising sea and earth temperature makes the
2030 snow and ice melt and ocean level rise

*This will increase the broader environmental

awareness in the High North
CCEME - A1B Scanario

g e *The petroleum industry, fisheries and tourism will
B ik have more opportunities by better access and
= : ; o competition between sectors will increase
5 it W Fuin &
5 T g . .. . .
L A by *But there will be seasonal variations in climate
g T and a volatile situation
E 4 |
wlil! A . . . .
Ez "'hf" *Engineering will still need to be based on
0 1 R extremes, operations might be easier
oo am mm we om0 owm o changes by 2030 will not radically alter the
Fymre &, %rennris o= bee exiend Serthern benisphore, <epzmber’ Operatlng Condltlons, bUt the fO”OWIng 30 yearS

will probably lead to a reinforced tendency

sLong term planning will be more challenging

StatoilHydro






2. Knowledge of the
Ecosystems

. | *Environmental research
- ARCTOS
- Satellite tagging of seabirds

eResearch basis
- Ny-Aalesund Research Park

- Ecotox laboratory for the
Arctic

- Ice Test Basin

e Russia-Norway cooperation

- PINRO, MMBI ....

StatoilHydro
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StatoilHydro — ARCTOS cooperation

ARCTOS

An International Metwork for
Marine Ecology in the Arctic

Morwegian College of Fishery Science, UiTa
Morwegean Polar Institube, Polar Envimonmental Cnir.
Akvaplan-niva, Palar Enviranmental Cntr.
Umiversity Centre in Swvalbard [UNIS, Longyearoyen )
Department of Geology, UiTe

- Institute of Marine Research {Tromsa)

Unite 1: Combined ecological and ecotoxicological studies of ice
edge ecosystems

Unite 2: Climate and anthropogenic studies on food webs
connected to benthos in the Barents Sea

e
StatoilHydro
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SINTEF Meso-scale test facilities.
Oil / Ice Basin established in a temperature controlled facility (-20 to + 20 °C)

Test basin in the Oil Spill Test Laboratory
High degree of flexibility

el i
- 1
wleiie T ©| | Extention tank Shoreli
generator i o oreline
Waves: 30cm =
:
Em :
— :
e | C .
T SISO e =R it
T . _E | E
3 m
'I.ﬂl'l'l el 2 m |
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3. Environmental Standards & Technology:
Zero Discharge to the Barents Sea

CO,, NO,, CH,, VOC ...

» Systems/technology for
remote environmental
monitoring from subsea
structures

e CO2 handling
technology for the
arctic areas

<— Chemicals....

i\ — Oil and gas
\ waste, cuttings, muds....

Water, cuttings

e Handling of produced
water

e Waste management

e Restoration of tundra

StatoilHydro
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Snghvit LNG - Subsea Installations

In deeper Arctic waters and where there are reservoirs with large artﬁ

extents, sub sea solutions are to be considered.

.ﬁ‘ll AL LS

StatoilHydro
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4. Contingency to Fight Acute Pollution

«Qil spill response in ice-covered areas
eCoastal and shoreline oil spill response
eEnvironmental risk assessment and management

eOperations in environmentally sensitive areas

e
StatoilHydro






Resent testing of
new skimmer In

arctic conditions
March, 2007

StatoilHydro
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5. Stakeholder Engagement:
Focus on Indigenous Peoples & Fisheries

« Knowledge &
understanding:
Policy and studies of Sami
and Nenets people

« Traditional knowledge

 Integration into project
developments:
Integrated Ecosystem
Management (UNEP)

« Sami University: EIA
studies

e Fisheries interaction
studies

)
StatoilHydro






6. Regional Cooperation and
Knowledge

17

Murmansk Oblast

eLaboratory for analysis of
ageing properties (MCSM)

«Qil spill contingency program
(MCSM, Hydromet, MBASU)

*NOFO equipment to MBASU

Arkhangelsk Oblast

eResearch on oil spill in
Onega Bay

eExperience transfer:
fisheries — oil industry

eCoastal sensitivity studies

eEnvironmental monitoring

StatoilHydro
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Murmansk Oblast
Environmental Safety Program

MCSM lab Hydromet MBASU

|
s

Oil samplin Oil weatherin Oil spill
> PING | —— J —> G

& analysis QOil spill models |<— | response

Data P Ay

storage

Norway | | Russia

StatoilHydro
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7. Profiling and Alliances

e Strategic
alliances:

UNEP, UArctic
etc

e NGO relations

e Arctic Council

= Conferences 4th StatoilHydro Arctic Environment Conference

= Funding, Spitsbergen 2008:
support

Society and Environment in the Arctic

StatoilHydro





Under the ice

Haakon Hop, Norsk Polarinstitutt

StatoilHydro
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Papers Helsinki, Finland
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The Baltic Sea is one of the most heavily operated sea areas and
maritime transport is expected to increase still. The increasing
transport of oil and oil products is the most significant reason for
this development. On account of the fact that Baltic Sea is already
heavily polluted, avoidance of any extra pollution load to the sea is
one of the main principles when choosing response methods.
Northern and Eastern parts of the Baltic have ice every winter and
about once in 30-40 years the whole sea area is covered by ice.
Because about 80% of Finnish transport is by sea, continuous and
safe sea traffic during the ice season is vital to Finland and to
other Baltic Sea states. This paper gives an overview of the oil spill
response policy adopted by Baltic Sea states mainly due to the
work of the Baltic Sea Environment Protection Commission,
HELCOM, concentrating on oil spill response in ice and cold
conditions. There have been some minor accidental oil releases in
ice during recent years, which aredescribed in the paper. Due to
the greatly increased oil traffic especially in the Gulf of Finland,
there is a great demand to develop new methods and equipments
to collect oil in ice. Some of the latest developments, studies, new
mechanical response units and response vessels are explained as
well.

Mr. Lampela has over 40 years of experience in different
governmental bodies in Finland. In addition to the overall
management of the field of oil spill response Mr. Lampela is in
charge of the related research and development work of the
Finnish Environment Institute. He has provided leadership to a
diverse team of scientists, bost domestic and international and his
responsibilities include also extensive liaison with key
governmental agencies and environmental groups around the Baltic
Sea.

© 2007 SL Ross Environmental Research Ltd.
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Baltic approach in oil spill recovery Iin
Ice, case studies and recent
development in Baltic Sea States

International Oil & Ice Wo
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Kari Lampela
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Outline

= Baltic Sea
" Traffic development

= Baltic approach in
oil spill response

" R&D in oil & ice
® Mainly used

methods in Baltic
States

" Case studies h | '%

" Conclusions

Picture: FIMR






Baltic Sea

" Nine
countries

" Nine
different
languages






Baltic Sea

Baltic Sea

" Largest brackish water area 400 000 km?
" Mean depth 53 metres

= Significant fresh water input

“ Nearly non-tidal

“ Heavily polluted

= 2510 30 years to change the water

“ The most difficult ice conditions are in the
northen part of the Gulf of Borhnia and the
eastern parts of the Gulf of Finland






The variation of ice coverage in the
Baltic Sea
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Oil transportation in the Gulf of
Finland through main oil ports
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Traffic in the Gulf of Finland during
one day (18th of Oct 2006)

N EY s [

L) sy KE
il






Traffic in the Gulf of Finland during one
winter day (28th of Feb 2007)
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Baltic approach

Based on:;

HELCOM (Baltic Marine Environment Protection Commission)
recommendations

International cooperation

Main principles:

Prefer mechanical recovery

Chemical agents can be used only in limited situations

In situ-burning also only when other means are not available.
Regular airborne surveillance.

Focus on high vircosity oils and cold conditions

Reliable drift models.

Kl 3YKE
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International .

cooperation . ‘ .
Baltic Marine R il

Environment Protection
Commission, Helsinki
Commlssmn HELCOM.

Members: Nine Baltic

Sea countries plus EU
= Main tools:

= Recommendations
and ministerial
declarations
Working groups
Response manuals

Org anize exercises Pictures from BALEX DELTA exercise

. Gdynia, Poland September 6, 2006
Areal cooperation






HELCOM recommendations

Application of no special fee system to ship-
generated wastes in the Baltic Sea area, 26/1.

Safety of winter navigation, 25/7.

Assessment of the need for escort towing iIn

tanker transport routes to prevent accidents in
the Baltic Sea area, 25/5.

Ensuring adequate emergency capacity, 24/9.

Further development and use of Drift
Forecasting for Oils and other Harmful
Substances in the Baltic, 24/7.






HELCOM recommendations, cont.

“ Restricted use of Chemical agents and other Non-
chemical means in Oil Combatting Operations on
the Baltic Sea Area 22/2.

“ Development of national ability to respond to
spillages of oil and other harmful substances 20/5.

® Guidelines for the Establishment of Adequate
Reception Facilities in Ports 10/5.

= Co-operation and assistance to Estonia, Latvia,
Lithuania and Russia in the field of Combatting
Marine Pollution Incidents 23/2.

" Recommendation Concerning Establishing of a
Pollution Reporting System for Pollution Incidents
6/14.






The HELCOM -
response ;
VeS S el fl eet “ Swed en Russia

and
survelllance
planes

TS B T

0 L Germany
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Copyright (S HELCOM 2005

L) sy KE
il





International cooperation, cont.

Cooperation within Nordic Countries,

Copenhagen Agreement

= Agreement covers Denmark, Sweden, Finland
Norway and Island

= Qrganize exercises between neighbouring
countries

= Supports also R&D

Specially in the Gulf of Finland

= Trilateral cooperation between the GoF States
= Bilateral agreements

= Russia - Finland

= Estonia - Finland

= Estonia - Russia






EU

EMSA, European Maritime
Safety Agency
“ Based in Lissabon

" Hired five response
vessels for the Baltic Sea

= Satellite imagery service
® Organize training






Older tests made by Wartsila Marine

® OIil behaviour in and response options in
ice. Model test D 30/Yrjo Kalaja. July 1983.
66 p. (in Finnish)

" Full scale test of an oil recovery skimmer
on the front of a fairway service vessel.

Report D 54, December 1985. 18 p. (in
Finnish)

Kl 3YKE





Older tests made by VTT, Technical
Research Centre of Finland

Full scale oil recovery trials of LORI Ice Cleaner. LAI
1583/91, June 1991. 44 p. (in English)

Laboratory oil recovery tests of LORI Ice Cleaner brush
pack in cold conditions. LAI 1209/92. March 1992. 33 p. (in
English)

Adhesion of oil on some skimmer materials and ice. VAL
3230/94/LAl. February 1994. 72 p. (in English)

Adhesion between oil and ice. Seppo Liukkonen. VALB160
November 1996. 120 p. (in English)

Laboratory study on spreading and drifting of oil under ice.
Seppo Liukkonen et al. November 1996. 53 p. (in English)

Kl 3YKE





Technical development, some Finnish
and Nordic studies since 1987

" QOil and ice interaction in brackish Baltic Sea
water

" How commercial dispersant behaviour in
Baltic Sea circumstances

® Use of brush skimmers in icy conditions

" The performance of different kind of
skimmers with high viscosity oils

“ Pumping of high viscosity oils
" Test reports of several new constructions

Kl 3YKE





Winter recovery

Difficulties:

" Location of the oil under
ice

“ Freesing ambient

" Ice going specialized
vessels needed

® High viscosity, difficult
skimming and pumping

Advantages:

“ Limited spreading

“ Normally no waves






Mechanical methods used and tested for
collecting oil in ice in Finland

“ Brush technology:
® Ice bow
® Brush bucket
® Vibrating grid
® Excavator shovels
" Vacuum pumps
= Skimmers operating under ice
= Using of air or propeller flow to steer oil under ice
" Using of ice barriers and ice dwells

L) sy KE
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lce bow, LORI
Ice Cleaner
mounted to the
falrway service
vessel Letto.
Seatrials 1994
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Oil recovery bucket
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The principle of vibrating grid as an oll
In Ice skimmer

6 ;
\ advancing direction ~
-~
/
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1: oil between ice blocks 4: perforated outer shell of the recovery unit
2: recovery unit 5. space inside the recovery unit where the oil
3: vibrating perforated plate or grid to make the enriches on the water surface

ice blocks vibrate and rotate 6: skimming the oil off the water surface inside

the recovery unit

Use of vibrations to separate oil from ice

;EYI{E





The principle of ice and open water
collecting skimmers on fairway service

vessel Selll
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Seili with her LOIS
collectors In

collecting mode






New oil
Finnish
skimmer
construction
for ice
conditions
during trials In
spring 2007
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Novel oil brush
collector for ice
conditions
Installed to the
new Finnish
multipurpose
response vessel
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Runner 4 case

Sank 5.3.2006 due collision in
Estonian waters in convoy in ice
channel on the way from St.
Petersburg.

Amount of different type of oils 160 t.
Spilled oil between 30 — 50 t.
Joint Estonian — Finnish operation.

Collected in March about 15 t. with
several bucket brush skimmers.

The wreck was emptied autumn 2006,
about 110 t.

The lifting of the aluminum cargo In
now going on.
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Merikarhu was the first Finnish vessel on
the spot surveiling the wreck by ROV











Estonian Valvas and Finnish Halli
and Hylje






Finnish Seili
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Hylje in almost open water






February 2006 about

12 m3 of heavy fuel oil
escaped from a tank of a
power plant in the Lake
Saimaa area.
Temperature was
between -35 C to O C.
Used methods were
trawls and vacuum
pumps. 13 m3 of oil and
debri was collected. The
operation lasted 4
months.

Recovery of sunken oil






Recovery of sunken oil, cont.
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Finnish vessels collecting illegal
releases during spring 2003

About 50 vessels were waiting
Icebreaker assistance several
weeks in March 2003 in the
Gulf of Finland on the way to
St. Petersburg. During that
time they washed tanks,
emptied bilge water tanks etc.
to the GoF. Finnish oil recovery
vessels cleaned the oiled ice In
Finnish waters.






Conclusions

® Possible to response small spillsinice

" To succeed you must have many alternative
methods

“ Much work is needed to develop real operative
response methods for large spills in ice

" Locating of oil under (snow covered) ice is a
problem

“ |If the oil sinks, it is very difficult to find and
collect

" Reliable oil/ice drift models don't exist






Thank you for attention
Questions?
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Paper presented by: Martin Blouin
Canadian Coast Guard, Quebec, Canada

The promotion of Oil Mineral Aggregate (OMA) formation has been
proposed as an oil spill countermeasure for oil spills in ice-infested
waters. In a manner similar to that of chemical oil dispersants, this
technique is based on the dispersion of oil from the surface into
the water column; the premise being that resultant concentrations
will be below the threshold limits that cause detrimental biological
effects. Laboratory studies and field trials have shown that
dispersed oil in association with mineral fines has an expanded oil-
to-water surface area that will promote enhanced microbial
degradation rates. Thus, spilled oil is not merely transported into
the water column but effectively removed from the environment by
natural processes. In terms of use in the Arctic, in situ
methodologies may offer a major operational advantage, as there
is no need for the physical removal and treatment of contaminated
waste materials for treatment.

A collaborative field program between the Canadian Coast Guard
and Fisheries and Oceans Canada has been initiated to provide
fundamental scientific knowledge, field validation of response
technologies, and training to oil spill responders. This presentation
will describe our 2007-2008 project to be conducted in ice-infested
waters of the St. Lawrence estuary prior to submission of a full-
scale Arctic program.

Kenneth Lee received his B.Sc. degree in marine biology from
Dalhousie University, followed by Masters and Doctoral degrees in
limnology and microbiology from the University of Toronto. During
his post-doctoral research studies in chemical oceanography with
the Department of Fisheries and Oceans at the Institute of Ocean
Sciences, Victoria, British Columbia Dr. Lee became interested in
the development and validation of marine oil spill
countermeasures. He has conducted research programs on
chemical oil dispersants, natural attenuation, bioremediation,




phytoremediation, and oil mineral aggregate formation. He is a
lead researcher on the assessment of environmental impacts
associated with offshore oil and gas exploration and production.

Dr. Lee is currently the Executive Director of the Department of
Fisheries and Ocean's Centre for Offshore Oil and Gas
Environmental Research (COOGER) based at the Bedford Institute
of Oceanography in Dartmouth, Nova Scotia. This centre is
responsible for the coordination of a national strategic program in
environmental and oceanographic research of oil and gas activities
as they relate to the Department of Fisheries and Oceans Canada
mandate.

© 2007 SL Ross Environmental Research Ltd.
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Papers U.S. Department of the Interior

Sponsors

Randall B. Luthi was appointed Director of the Minerals
Management Service on July 23, 2007.

Luthi, a former speaker of the Wyoming State House of
Representatives, is a rancher and attorney in private practice from
Freedom, Wyoming. He previously served in the Department of the
Interior and at the National Oceanic and Atmospheric
Administration (NOAA).

Luthi is a partner in the Luthi and Voyles law firm in Thayne,
Wyoming, and manages a cattle ranch in western Wyoming. He
was first elected to the Wyoming House of Representatives in
1995, and served as speaker in 2005 and 2006.

He served in Washington in career positions as Senior Counselor
for Environmental Regulations in NOAA's Office of General Counsel
from 1990 to 1993, and as an attorney in the Department of the
Interior Office of the Solicitor from 1986 to 1990.

Based on his work in the Wyoming legislature, Mr. Luthi developed
an understanding of the importance of royalties paid to the federal
government by companies producing energy on our public lands
and waters. As Majority Leader and Speaker of the Wyoming
House, Mr. Luthi was instrumental in formulation of state budgets
which relied heavily upon royalties and severance taxes paid by
energy companies developing federal leases. In addition, he was a
legislative member of the Energy Council, which is an organization
comprised of legislative representatives from energy producing
states and provinces and private energy-related industries that
meets quarterly to learn the latest in developments in energy
related technology and to discuss energy policy.

In addition, Luthi worked as a legislative assistant in the office of
U.S. Senator Alan K. Simpson of Wyoming. In this capacity, Luthi
provided counsel on legal and legislative issues including oil and
gas taxation.




Luthi graduated from the University of Wyoming in 1979 with a
Bachelor of Science Degree in administration of justice, and earned

a law degree from the University of Wyoming in 1982.

© 2007 SL Ross Environmental Research Ltd.
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Planning and Development Manager
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Prudhoe Bay, AK 99734-0022
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Alaska Clean Seas (ACS) is the Oil Spill Recovery Organization for
the North Slope of Alaska. Annually, ACS responds to over 300
reportable spills and many other spill events.

Presented will be an overview a few of the larger spill events over
the last couple years. Emphasis will be placed on spill events in
snow and ice, tactics utilized, and lessons learned. Included will be
overview of the 2H pad and Drill Site 14 responses in 2005 plus
the Gathering Center 2 pipeline spill response in 2006. The
Gathering Center 2 pipeline response was the largest spill response
ever on the North Slope of Alaska. These responses outline the
tactics on land in snow and ice and extreme weather.

In 2005 and 2006, ACS conducted training and demonstrations on
spill response tactics on overflood ice conditions. Tactics and
lessons learned from these sessions will also be presented.

Lee Majors has over 20 years of spill response experience with ten
years in the marine environmental field with the U.S. Coast Guard.
The last seven years he has been the Planning and Development
Manager for Alaska Clean Seas overseeing Oil Spill Response
Research and Development, Spill Response Training, and Safety.

© 2007 SL Ross Environmental Research Ltd.
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2 H Produced Water Spill
3/26/05

»Spill Volume and Area

» 26500 BBLS of Produced Water/Crude to
tundra covering approximately 2 acres.

Photos
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| essons Learned

e Flushing Barrier boom
development






Drill Site 14 Crude Oil Spill
4/11/05

» Spill Volume and Area

» 30 BBLS of Crude Oil to tundra, pad and
modules covering approximately 13 acres.

Photos
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| essons Learned

e New containment tactics

— Containing Light Layer of Oil on Snow
Using Water Spra






Gathering Center 2 (GC-2)
Spill

Crude oll spill from a transit line between
Gathering Center 2 (GC-2) and GC -1,
Western Operating Unit, Prudhoe Bay, Alaska

Best available estimate on the volume of oil
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Current Status

e Cleanup Completed on April 28t
e Restoration Efforts are Ongoing






| essons Learned

e Adherence to work shift limitations
In cold weather response.
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e July 2006 on North Slope
e Overflood Ice Conditions
























































| essons Learned

e Airboat Boom Towing Limitations
e Airboat Operatlng L|m|ts IN
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Joseph Mullin,

Minerals Management Service
Engineering and Research Branch

Herndon VA, USA

Papers

Sponsors

Co-authors: Randy Belore and Ken Trudel, SL Ross Environmental
Research Ltd.

One myth in oil spill response is that "chemical dispersants do not
work effectively in cold water." This is due to the general
misconception that cold water inhibits dispersant effectiveness
(DE) and the lack of experimental data to indicate otherwise. To
address this issue, the U.S. Minerals Management Service (MMS)
funded and conducted two series of dispersant experiments in very
cold water at Ohmsett - The National Oil Spill Response Test
facility, located in Leonardo, New Jersey from February-March
2006 and January-March 2007. Four Alaskan crude oils Alaska
North Slope (ANS), Endicott, Northstar and Pt. Mcintyre and two
dispersants Corexit 9500 and Corexit 9527 were used in the test
series. The crude oils were tested fresh, weathered by removal of
light ends using air sparging and weathered by placing the oils in
the tank in both breaking wave conditions and non-breaking wave
conditions. Results from the 2006 and 2007 Ohmsett test series
demonstrated that both Corexit 9500 and Corexit 9527 dispersants
were more than 90% effective in dispersing the fresh and
weathered crude oils tested. This verified the results from
laboratory and small-scale experiments. MMS expects that results
from these test series will assist government regulators and
responders in making science based decisions on the use of
dispersants as a response tool for oil spills in the Arctic. The
results from the 2006 and 2007 Ohmsett dispersant effectiveness
test series bust the myth that chemical dispersants are not
effective in cold water.

Mr. Mullin is a Research Oceanographer with 34 years of scientific
research and program management experience in the areas of
marine science and oil spill response. He is responsible for
developing, implementing and managing the U.S. Minerals
Management Service's Nationwide Oil Spill Response Research
Program.




Mr. Mullin has been closely involved in the development, testing
and evaluation of various oil spill equipment and techniques
including fire resistant booms, skimmers for broken ice conditions,
in situ burning in various environments and cold water dispersant
effectiveness. He has authored or co-authored 120 scientific
papers, technical articles and peer-reviewed publications.

© 2007 SL Ross Environmental Research Ltd.
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Cold Water Dispersant Effectiveness
Experiments Conducted at Ohmsett Wlth

Alaskan Crude Olls_ and erljg:(:%!,t %Oéﬁ:ﬂ\
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Question

Should chemical dispersants remain part of
the response tool box in Alaska?

Are the dispersants currently stockpiled in
Alaska (Corexit 9500 and 9527) effective In
dispersing fresh and weathered Alaskan
crude oils in very cold water?

Are there scientific data, measurements and
calculations to support these findings?



































Ohmsett Is a ‘Bridge’ Between
Dispersant Testing At Sea and
Laboratory Tests

SEA Ohmsett LABORATORY
TRIALS TESTS





Test Objective

To determine the dispersibility of fresh and
weathered Alaskan crude oils in cold water
conditions.

The test matrix includes four crude oils (Alaska
North Slope, Endicott, Northstar and Pt. Mcintyre).

Two dispersants (Corexit 9500 and Corexit 9527).
To compare test oils prepared through the process

of air sparging with those oils weathered naturally
on the waters surface.





Dispersant Effectiveness (DE) Testing

In 2006 - 25 DE experiments were conducted

10 control (no dispersant applied) and 15 Corexit 9527
dispersant applied experiments.

Between 65 and 80 liters of oil and 4 and 16 liters of
dispersant were used Iin each experiment.

DORs ranged from 1:17 to 1:43.

In 2007 19 DE experiments were conducted

9 control (no dispersant applied) and 10 Corexit 9500
dispersant applied experiments.

Between 70 and 85 liters of oil and 7 and 12 liters of
dispersant were used in each experiment.

DOR’s ranging from 1:16 to 1:25.





Physical Properties of Test Oils

Density Density

(mg/l) (mg/l)
@20°C @20°C

Viscosity (cP)
100st, 1°C

Viscosity (cP)
100st, 1°C

Alaska North Slope

Fresh 0.863 22 0.862 65
Air sparged 15% 0.887 93 0.893 200
Air sparged 22% 0.900 300
Endicott
Fresh 0.902 270 0.901 350
Air sparged 18% 0.917 644 0.916 520
Northstar
Fresh 0.803 7.6 0.814 6
Air sparged 30% 0.839 36 0.842 {0)
Pt. Mcintyre
Fresh 0.861 34 0.862 45

Air sparged 15% 0.880 76 0.898 400





Evaporated or “weathered”
oil was generated by bubbling
air through heated drums of
crude oil.

Weathering of the oil was il

o |
monitored during air sparging:
using a weight scale and a '
drum lift.

The crude oils were also
weathered naturally on the
tank with waves to simulate
at-sea conditions





Industrial Water Chiller





Ohmsett Improvements

* New oll distribution and pumping system
 New analytical chemistry laboratory

Improved methods and protocols for on-tank, long term
weathering and emulsion formation.

 New Instrumentation
 Sontek Acoustic Doppler Velocimeter for tank
turbulence measurement
 LISST Particle Size Analyzer for in-water dispersed ol
concentration and particle size measurement
 Turner Design TD3100, hand held fluorometric
hydrocarbon analyzer.


















































Comparison of 2006 and 2007 Test DE Results

2006 2007

Corexit 9527 Corexit 9500
% Dispersed/Lost % Dispersed/Lost

Alaska North Slope

Fresh 95 98
Air sparged 15% 97 99
Endicott
Fresh 99 98
Air sparged 18% 91 94
Northstar
Fresh 96 99
Air sparged 30% 91 99
Pt. Mcintyre
Fresh 99 99

Air sparged 15% 99 99





Question/Answer

Should chemical dispersants remain part of the response tool
box in Alaska?

Results from laboratory, small scale and Ohmsett testing
Indicate the answer is yes.

Are the dispersants currently stockpiled in Alaska (Corexit
9500 and 9527) effective in dispersing fresh and weathered
Alaskan crude oils in very cold water?

Yes

Are there scientific data, measurements and

calculations to support these findings?

Final reports and video clips from both of these dispersant
test series are available free of charge on the MMS website.
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For more information visit our websites:
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Tim Nedwed, Ph.D., P.E.

ExxonMobil Upstream Research Company
Houston TX, USA

ExxonMobil Upstream Research Company (URC) has an internal
oil-spill response research program designed to enhance
capabilities in dynamic marine ice conditions. The research has
focused on developing capabilities for large-scale spills using the
remotely applied techniques of chemical dispersants and in-situ
burning. These techniques may provide the necessary oil spill
encounter rates in a challenging ice environment while keeping
personnel safely away from potentially hazardous conditions.

Research findings indicate that dispersants are an option for spills
in ice given adequate mixing conditions and the appropriate oil. To
enhance capabilities, URC is developing a new dispersant gel that
has a number of advantages. For conditions with inadequate
ambient mixing, URC has developed a concept to utilize the prop
wash of response vessels to supply the necessary energy to
disperse chemically-treated oil. URC is developing a better
understanding of the fate of oil after a marine spill particularly
after dispersant treatment in low-energy conditions.

Regarding in situ burning, URC led the recently completed joint-
industry research project evaluating the concept to extend in situ
burning to lower ice conditions using chemical herders.

URC is beginning evaluation of a novel concept that utilizes a well
known physical phenomenon to remotely map and detect oil spilled
under ice.

This presentation summarizes key components of URC's oil-spill
response research program.

Dr. Nedwed has a B.S. degree in chemical engineering and a Ph.D.
in environmental engineering. He has worked for Exxon and
ExxonMobil in the Upstream Research Company for 10 years and
leads the oil spill response research program for the upstream
portion of the corporation.

© 2007 SL Ross Environmental Research Ltd.
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.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

UpStréam Research

International Oil and Ice Workshop

Anchorage, Alaska
October 10 -11, 2007

Sponsored by: ACS, Alaska DEC, Cook Inlet Spill Response Inc., Oil Spill Recovery Institute, USCG, U.S. MMS

Organized by: S.L. Ross Environmental Research and DF Dickins and Associates

Orlan Platform

FESCO Sakhalin

Dekastrie SPM



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

Upstir'eam Research

Sakhalin Ice Conditions

Sakhalin Tanker Trials

AVHRR satellite image
April 7, 1999
Island length = 950 km

Sakhalin Ice Floe



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice |

UpStréam Research

Why focus on “remotely applied” response options?

Rope mop

Four broad options for oil-spill response skimmer

in both ice and open water
e Observation only
 Mechanical recovery

* |n situ burning _ _
. remotely applied options
 Dispersants

Mechanical response

LORI skimmer is challenged by ice

Gulf of Finland
spill cleanup
with LORI
skimmer



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

UpStréam Research

Background — Initial Research Focus

_ Chemical
Dispersants dispersion of
« Show that dispersants can work in ice oil inice at
: : : OHMSETT—
— lce motion enhanced dispersion ice motion
e Limitations: oil viscosity / mixing energy enhanced
dispersion

In situ burning
 Ice can provide containment
— Can burnin all ice conditions
— Can burn emulsions
« Limitations: slick thickness / weathering

2002 Tests studied limits
to ISB in ice

1983 Test burn effective in
concentrated ice



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice = YOI

New Dispersant Gel Upstream Research

OHMSETT Wave Tank

9500 immediately
after application

Ge| clearly Qommercial
visible on dlspe_rs_ant not
New formula | slick visible
SL Ross Wave Tank
I []
Advantages

* May triple delivery capacity

» Allows dispersion of viscous oil
* Reduces spray drift

* Visible after application

* Buoyant, cohesive drops



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice EACONIVI (o] ]

New Dispersant Gel Upstream Research

New Formula Dispersed the Prestige Oil




"ExxonMobil Research on Remotely Applied Response Options for
Spills in Dynamic Ice

Icebreaker Enhanced Dispersion ~ Upstream Research
Chemical Dispersion Enhanced by Icebreaker Prop Wash

Azimuthal Stern Drive Icebreaker
Completed positive basin tests

URC-Funded Model Basin Test Results BP-Funded Model Basin Test Results
100 100
90 A 90 1
80 A 80 -
s 7 5 707
) =
— "
o 60 A 2 i
3 3 60
2 %)
O 50 A A 50 -
E -
) | c
s 40 3 40 A
5 —
[0
o 30 A 2 30 -
20 - 20 -
10 A 10 A
Control with Qil in leads Oil in Ic_aads Oil in Ie_ads Oilonice  Oilonice Oi! in leads Qil onice Oilunder  Oil under Oilonsnow Oilonice Oilinice  Oilin 25% Oil in 50% 1:110 DOR
vesseland 1:110DOR ~ 60mice = 30mice for3hours with -11°C  with -11°C ice vessel  ice with coveredice rubble rubble ice conc. ice conc.
no floes/75% floes/75% air air stern first vessel bow leads
dispersant cover cover

first



"ExxonMobil Research on Remotely Applied Response Options for
Spills in Dynamic Ice E)KOHMObIl

Diversion Boom Concept Upstream Research

Extending the Prop-wash Concept to Vessels of Opportunity and Lower Ice / Open Water

Three Vessels of Opportunity and Two Booms Two Vessels of Opportunity and One Boom

Completed basin tests using 1:25 scale workboat



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

Restricted Spreading Biases Dispersant Effectiveness Tests

UpStréam Research

» Closed systems keep slicks from spreading

— Beaker and basin walls
— Oil containment systems

e Surfactants on water surface keep slicks from spreading

« Surfactants cover all surfaces after dispersant application
— Overspray onto adjacent water

— Migration from oil

* Restricted spreading increases the amount of energy
required for dispersion

— Not an issue for conventional oils with adequate mixing
— Negatively biases dispersants effectiveness with

+ Low energy conditions
+ Viscous oils




.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice :

In situ Burning Enhanced using Chemical Herders ~ Upstream Research

e Led joint-industry project evaluating herders Enhance in situ burning using
chemical herders

Lab-scale tests

Chemical herders may extend in situ
burning to lower ice concentrations



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

Remote Sensing of Oil Under Ice Upstream Research
« Enhancing remote detection of oil under Utilize nuclear magnetic resonance
ice is an important need in the Earth’s magnetic field

* NMRis the only technique to characterize
water aquifers remotely

* Relatively simple instrument that utilizes
Earth’s magnetic field

e Iceis virtually invisible to the instrument




.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

UpStréam Research

Summary

Our findings indicate

» Dispersants work in ice given enough mixing energy

« EM’s new dispersant gel allows more efficient use of dispersants—may
triple capacity and allow treatment of cold/viscous oil

« ASD Ice breakers and EM’s diversion-boom concept effectively
supply mixing energy if needed

« Standard tests may bias dispersant effectiveness tests particularly for
challenging conditions

* In-situ burning is effective if ice containment is sufficient
 Chemical herders extend in-situ burning to lower ice conditions
 New remote detection concept using NMR may close important gap



.ExxonMobiI Research on Remotely Applied Response Options for
Spills in Dynamic Ice

UpStréam Research

The End



Home = Speaker Bios > Niini, Mikko

Background Speaker Bios

Speaker Mikko Niini
Bios
President, Aker Arctic Technology Inc

Papers Helsinki, Finland

Sponsors

The paper describes the recent revolutionary improvements made
in ship technology for operations in ice and describes the new
possibilities available through the use of azimuthing thrusters in ice
going vessels. In addition to describing the recent applications of
such new technologies and especially the improvements in ship
operations safety Mr. Niini will be discussing the possibilities of
using such new technologies in new oil combating vessel designs
and in combating operations.

Mikko Niini, born 1946, graduated from Helsinki Technical
University as a Naval Architect in 1970. While completing his
studies Mikko joined Wartsila Helsinki Shipyard in 1970 for the
"Manhattan” project and developed his thesis on the basis of the
very first ice model tests in Finland. Since then Mr. Niini has held
different positions within design, marketing, publicity and sales.
After the merger of Wartsila and Valmet shipbuilding activities in
1986 he continued as Vice President, Marketing and Sales of
Kvaerner Masa-Yards Inc. In recent years Mikko Niini has led Aker
Yards (ex Kvaerner Masa-Yards) to be involved in oil and gas
transport developments in North of Russia, Sakhalin and the
Caspian Sea. The yard has been awarded contracts for the first
icebreaker new building for the Sakhalin projects and for the
world's first Arctic container vessel for OJSC Norilsk Nickel. In the
beginning of 2005 Mikko Niini was appointed President of Aker
Arctic, a newly established company for widening Aker's business
scopes in the icy waters. Aker Arctic has already won two
important design contracts, for the world's first Arctic shuttle
tankers, two for ZAO Sevmorneftegaz/JSC Sovcomflot being built
in St. Petersburg and another three for ZAO
Naryanmarneftegaz/JSC Sovkomflot being built at Samsung in
Korea. Currently Aker Arctic develops new solutions for oil
combating in the Baltic Sea.

© 2007 SL Ross Environmental Research Ltd.
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Aker Arctic

New Arctic Vessel and Icebreaking

Technologies
Mikko Niini, President
Aker Arctic Technology Inc

International Oil & lce Workshop
Anchorage 10.10.2007

Preferred for Innovation




Aker Arctic

Preferred for Innovation

Sometimes things are tough Aker Arctic

Preferred for Innovetion,




The challenge: harsh environments

Preferred for Innovetion

Aker Arctic

4Nov-07 Slide 5
2006 Aker Yards

Winter is cold and dark

Preferred for Innovetion

Aker Arctic
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Baltic Sea- a freezing sea Aker Arctic

o

Preferred for Innovetion
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Ice expertise background in the 50 years Aker Arctic

of Finnish development of icebreakers

A . ity i

T y P i RoTHELSTENP| Icebreaking supply B jcebreaking supply ship]
lvessel SEILI 1120 skw, 1994 | Ships ARCTICABORS, | p 1681
15w, 1090 ANTARCTICABORG [ | 13 1 2005
3 000 s.KW,

, 1998
pi HEALY, 22000 5 kW
1997

il

i GLIB, 66 MW
2005

il

patrol ib SVALBARD,
10 MW, 2002

Preferred for Innovetion
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Idea for ice model tests raised by Exxon K& ATClC
along the T/T "Manhattan” experimental voyages to
North Slope

Preferred for Innovetion

Aker Arctic
35 years” ice modelling experience
Tulcea ®
1954 1969 1982 1989 1991 2005
L 1 l I l
Wartsila Arctic Research Aker Arctic
Center (WARC) Kvaerner Masa-Yards Arctic AARC
Project "Manhattan”, W arstilé Icebreaking Technology Center (MARC)

Model Basin (WIMB) established

Icebreaker "Voima” delivered Masa-Yards Arctic Research Center (MARC)
Preferred for Innovetion




We built the first polar Aker Arctic
icebreakers and opened the Northern
Sea Route for year-round traffic in 1982

19 Arctic dry
cargo ships

25 polar
tankers

9 Polar
icebreakers

2 Nuclear
icebreakers

14 River
icebreakers

"Manhattan”

prdd GG Healy NIB "Taymyr & Vaygach” River IB’s in Siberia

4Nov-07 Slide 11

Aker Arctic
Our Arctic experience includes design and

construction of nuclear icebreakers

Preferred for Innovetion




Multipurpose Icebreakers "Fennica”, Aker Arctic
"Nordica” and "Botnica” from Aker Yards

Preferred for Innovetion

Aker Arctic

Preferred for Innovétion
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New model testing facility opened Aker Arctic
in 2006

§
§
§
§
§
§

§

A new third generation test facility
erected in 2005,
investment 10,3 Mill. €

Beam increased to allow larger
structures to be tested

Glass bottom to improve
observation

Latest technology for freezing
process

Latest technology for data

recording { '
Best in the world - | 4

Preferred for Innovetion

Aker Arctic Technology Inc — Aker Arctic
the global full service ice technology partner

While restructuring Aker Yards operations, ice-related activity was
separated from yards to an independent business unit, as a "center
of excellence”, to work globally

Aker Arctic established and registered in 2005

Equity 8 Mill. EUR

AARC shareholders:

Aker Yards 62,5 %

ABB 125%

Aker Kvaerner 12,5%

Wartsila 125%
Board:

- Oddvar Slettevold, chairman

- —Magne Haberg, Mikko Niini (AY)

- Risto Neuvo (AKET), Lasse Makelin (ABB Marine), Jari Salo
(Waértsila Propulsion)

Turnover from 1,5 to 4,3 Mill. EUR (2006), further growth expected

Preferred for Innovetion




Aker Arctic — today’s center of excellencepyer Arctic
specialises in tailored solutions for
winter and Arctic operations

Field research
Ice conditions
Ice properties
Route selection
Design basis development

Concept/development
Basic design
Feasibility studies
Performance predictions
Simulations

Testing in model and full scale
Shipsand structures
Offloading operations
Floaters
Rescue and evacuation

Preferred for Innovetion

S\

Nov

Services include assistance to Aker Arctic
shipowners and shipyards building special

vessels or offshore structures Design
Project sales and project execution iﬁ?ﬁge N

Tender packages, Basic designs

Aker ARC standard designs

Licence agreements

Project executions

Helsinki'yard project design department
merged with AARC

Total staff 30 of which 25 naval

architects Basic design
package
. . . to Admiralty
Ice navigation training Shipyards

Licence
arrangements
with other yards
like Sumitomo
and Samsung

Preferred for Innovetion
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Field work has been continued

Fast ice zone

Pack ice zone

Bottom Floating
fast jce fast ice

Grounded
ice zone

Transition ice zone

Drifting pack ice

First year Multi-year ridge

aa

I
€ 9ougey cliof

Sakhalin, Kara Sea, Spitzbergen, Greenland, Hudson Bay

Preferred for Innovetion

Aker Arctic

Past experience and sufficient ice
condition data available for

reliable Design Basis

§ Sakhalin, 1990/1991/1992/1997/1998/2007
§ Barents Sea, 1991/1992/1993/2001/2005
§ Pechora Sea, 1992/1993/1994/1998/1999

§ Kara Sea, 1993/1995/2006/2007
§ Ob Bay, 1995/1996/1998/2000

§ Baltic,1994/1995/1996/1997/1998/2003

§ Canada Arctic archipelago 2007

§ ARCDEV 98, the EU-funded trial trip by M/T “Uikku” to Tambey in
April 1998

§ M/T “Uikku” Northern Sea Route passage as first foreign merchant
vessel 1998

Preferred for Innovetion

Aker Arctic

10



Full-scale experience, ships and  aer Arctic
ice conditions

w W W W W W W W w W W w

Preferred for Innovetion | _ |
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New challenges met recently Aker Arctic

AKER ARCTIC PARTICIPATES
IN RUSSIA’S PROGRAM FOR
NEW NUCLEAR ICEBREAKERS
- Record ice conditions created
in the new AARC Technology
Center

The new generation icebreaker is
set to break 2.85 m thick level ice
with the power of 60MW. The
performance of the tests was very
challenging. The scale of the
Russian built models resulted to
extreme ice thickness in the basin.
However, it was noted that the
thickness model ice thickness
84mm was reached with no
difficulty even in summer outside
temperatures. It was also noted
that ice thickness well over 100
mm is reachable.

AARC is currently operating its
third ice. Later this fall Aker Arctic
will take-on again new testing
challenges as model tests in
multiyear ice conditions will be

simulated.

Preferred for Innovetion




Aker Arctic
Offshore is an important part of
Aker Arctic’s operations

Ice rubble formation on gravity based structures (D-6, Prirazlomnoye, SSDC)
and a SPAR.

Preferred for Innovetion

Aker Arctic

Future needs for ice model tests in offshore
activities

§ The mission based approach in concept devevelopment call for model
testing to set the performance requirements

§ New types of activities inoffshore operations lead to unkown
phenomena, which need to be studied with model tests

Preferred for Innovetion
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The opportunity Aker Arctic
25% of world’s undiscovered resource in the Arctic

*USGS study

Gas
Barents West
Sea Tin:]an- Greenland
19 % Pechora
Others 4%

4%

Vestford- S\ilzee?ita
Helgeland 44 %
12% North  East °
Slopegreenland
1%  gop
Oil & NGL
Vestford- Timan-
Helgeland- Others
80t 6% Pechora

4%
West
Siberia
39 %

East ’
Greenland €2
27 %
giberia
Preferred for Innovetion WestkSl

X Nov-

N}

E Siberia
Sea
Barents Sea
Sea
Sea

|
oyt [ Basininclude in USGS study [] Basin excluded

Aker Arctic

While the market was "dead”,
important developments took place

Double Acting Ship

Aker Arctic DAS™
- the recent developments for

cost efficient Arctic navigation
by Aker Arctic

=)

Double Acting Supply Vessel

Oblique Icebreaker
Preferred for Innovetion
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Electric propeller turning 360 degrees Aker Arctic
and to give full thrust to any direction

This turned out to become later Azipod®

Preferred for Innovetion

The new propulsion system development Aker Arctic

and the "Uikku" conversion in 1993

Preferred for Innovetion
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After 10 years of Arctic pioneering work Aker Arctic
“Uikku” and “Lunni” are today back in the Arctic
waters, as “Varzuga” and “Indiga” by MSCO

(]

Today 15 years of Arctic
experience for pod drives

4Nov-07 Slide 29
© 2006 Akef Yards

Aker Arctic DAS™: Innovation by Aker Arctic
experience

§ Excellent performance

§ Successful running backwards
when moving ahead was impossible

§ Learned a new way of operation
§ Ridge destruction with the propeller

§ Best performance in most difficult
conditions

§ Iceresistance down'to 50 %
§ Power requirements down to 60 %

Preferred for Innovetion
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Aker Arctic
Learning by experience:
Propeller acts as a big pump to flush the hull

The idea of "double-acting”
vessels is based on
azimuthing thrusters flushing
the hull by the propeller
stream.

In level ice, frozen channels,

rubble fields and ridges the

propeller flushses the lower
ice pieces and "eats up” the

icerubble.

Preferred for Innovetion

4Nov-07 Slide 31
© 2006 AkeT Yards

First double-acting IBSSV's in the Aker Arctic
North-Caspian, 9 years in service

The Wagenborg “ Aker Arctic DAS™” double-
acting" icebreaking supply vessels working
for AGIP KCO (Kashagan East)

Main dimensions: 65 x 16,4 x 2,9 m

Power 2 x 1,6 MW

icebreaking capacity max. 1,0 m
level ice

Penetration through grounded
ridges

Preferred for Innovetion
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Aker Arctic
Excellent performance in any conditions

Aker Arctic DAS™
in Great Lakes by USCG

Preferred for Innovetion

Aker leads the way for the maritime Aker Arctic
IndUStry tOday World’s first Arctic oil export systems:
Norilsk Nickel 5 vessels Aker Yards” DAS concept selected 2007/9
2006-2009

2 x 70 ktdw shuttles Admiralty/Gazprom
3 x 70 ktdw shuttles Samsung/LUKoil, COP
2 x 105 ktdw shuttles Sumitomo/Neste QOil

Sakhalin 1 & 2 projects, all new
icebreakers delivered by Aker Yards

Preferred for Innovetion
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Aker Arctic
"Double-acting” concept thoroughly selected by Exxon

Preferred for Innovetion

Double-acting performance Aker Arctic

FESCO SAKHALIN

SUPPLY AND STAND-BY SUPPORT FOR ORLAN PLATFORM
DNV ICEBREAKER ICE-10

LOA=99.9m

B/=21.0m

T=75m

DWT =4 298 T

GT=6882

MCR =17 400 kW

2*6 500 kW ABB Azipod

w W W W W W W W W

Preferred for Innovetion
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All Sakhalin newbuildings from Aker, all Aker Arctic
model tested by us
AY recently built Ice Classed
OSV’s
Fesco Sakhalin
Polar Pevek
Pacific Endeavour
Pacific Endurance
Pacific Enterprise

wnwn W W L

Preferred for Innovetion

4Nov-07 Slide 37

Polar Pevek for De Kastri terminal Aker Arctic

w) W W W W W W W W

Preferred for Innovetion
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Recent Ice Class OSV's Aker Arctic

wn

w w W W W W W W

Preferred for Innovetion

Another Aker Yards built Aker Arctic
icebreaker, tested in model scale and
full scale by Aker Arctic in Greenland
and Spitzhergen
for Sakhalin 2 project
§ Delivered in April-October 2006

§ Built by Aker Yards AS, Sgviknes and
Langsten, Norway

§ Two 7,5 MW mechanical azimuthing
thrusters

§ Aker Arctic DAS™

Preferred for Innovetion

X Nov-07 Slide 40
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. . Aker Arctic
Our ultimate goal: cost efficient volume erAre

transports in Arctic

Primorsk Kara Sea

Preferred for Innovetion

Aker Arctic
"Tempera” commissioned in winter 2003

Preferred for Innovetion
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Aker Arctic
M/T Tempera now five years in service

Ice performance verified
in practical work in
the Primorsk export
shuttle service.

Full scale trials in 2003:

§ levelice80cm at 5,0
kn

broken channels 7
knots

iceridges (4 metres)
at 3 knots

maximum ridge
penetration 13 metres
(maximum) found in
the region)

Preferred for Innovetion

Aker Arctic
"Norilskiy Nickel”

in Kara Sea, March 2006

Preferred for Innovetion
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Proven ice performance Aker Arctic
lead to a contract for four more vessels under a
licence from Aker Arctic

Ice condition: level ice 1.5 m, strength 700-
800kPa

Power: 13 MW

Speed Astern: 1.75m/s (3,3 kn), Ahead 1.25
m/s (2,3 kn) (model tests: 1.02, 0.85 m/s)

Power needed to break 1.5m thick ice.in 2
knots: Astern 8.5 MW, Ahead 11.5 M
Speed in-frozen Yenisey channel with 13
MW: Ahead 3.75 m/s (7.5 knots)

Speed in unfrozen Yenisey channel with 13
MW:  4.5m/s (9 knots)

Speed in own 1.5 m thick unfrozen channel
with 5 MW: Ahead 4.5 m/s (8.9kn), Astern
4.25m/s (8.5 kn)

Aker Arctic DAS™

Speed in own-1.5'm thick unfrozen channel
with 12 MW: Ahead 7 m/s (14.3kn)

Average speed in frozen rubble field running
astern for 5 miles was 1 knot (no chance to
run ahead)

Preferred for Innovetion

Eh

Aker Arctic transport solution already sefd&ctic
for two major Arctic oil projects - Prirazlomnoye
§ Width 126 m
§ Length 126 m

§ Height from the sealevel 120 m
Weight(without hard ballast)110 000 t

(with hard ballast) 506 000 t
§ Well slots 40
§ Total caisson capacity 159 890 m3
§ Oil Tank Capacity 108
814 m3
§ Maximum daily production 20
748 m3
Staff 200 people
§ Stock replenishment period
60 days

§ Lifetime 25 years

Preferred for Innovetion
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Aker Arctic 70.000 tdw shuttle Aker Arctic

tankers for Pechora Sea

Prirazlomnoye; Admiralty yard, Owner Sovkomflot
with @ COA with Sevmorneftegaz

T T

Aker Arctic
contract for
the Basic
Design with
Admiralty
yard. Two
ships to
enter
serviced in
2009

Preferred for Innovetion

Prirazlomnoye Shuttle tanker Aker Arctic
t
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- Dual Class Russian Register
Lioyds Register -Basic Design AARC
- leeslass 106 - Builder Admiralty Shipyard
- Length B¢/ k58,75 0 - Owner SOVCOMFLOT/SMNG
- Beam 340m - Keel laying Summer 2007
- Depth 208m - Delivery End 2009
- Draught 136m - Icebreaking capability 1.2 m+0.2m
- Deadweight 70000t snow, 3 kts
- Proplusion power 17 MW
Preferred for Innovetion
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Prirazlomnoye Shuttle tanker, Machinery Aker Arctic

- Diesel generator sets: 4 x 6525 kW
- Propulsion Azipods: 2x 8,5 MW

[ ey

PLATFORM LECK. PLAN 11000/11500
IAIYBA MIATOPNH, MK 11000/11500 %

Preferred for Innovetion

New solutions in Arctic oil exports systems: Aker Arctic
LUKOIl/ConocoPhillips in Varandei, developed by
Aker Arctic

Performance
verified also in offshore
offloading operations

Preferred for Innovetion
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Sovcomflot contract for three Aker Arctic
70.000 tdw vessels with Samsung,
deliveries 2007-2009

§ Another Aker Arctic DAS™ design concept

World’s first marine Arctic Oil Export system

In service December 2007

Final design with twin'2 x 10 MW pod drives, ice class LU6

8
§
§
§ Vessel unit price 138 M USD

Preferred for Innovetion

Drilling ship leads the way Aker Arctic
to icy operations in Alaska

Shell has inititiated a drilling campaign in Alaska
for 2007-2009 — the first since mid 1980°s. All the H
solutions developed and used for this Beaufort ‘ H m
Sea operation are based on Aker Arctic’s “ I
engagement and solutions. Drillship “ Frontier Ml I it
Discoverer” of Frontier Drilling USA Inc, Houston, - Hlth‘Hﬁi
is the first drilling vessel created for Arctic
conditions:

J

Three of the icebreakers used for ice management
in this drilling campaign are built by Aker Yards.

Preferred for Innovetion
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Multipurpose Icebreakers "Fennica”and Aker Arctic
"Nordica” will provide ice management for the
Shell drilling campaign

Preferred for Innovetion

LNG transports from Yamal are possible  Aker Arctic

: r i@ © e
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Kara Sea ice massif

Ice thickness at
Kharasevey

Preferred for Innovetion

Aker Arctic

X Nov-C

© 2006 Aker Yards

Slide 55

Aker Arctic LNG

Ice operating Mode:

The vessel will operate stern ahead with

pulling propellers.

Very good ice breaking capability can
be achieved with normal open water

propulsion power.

Preferred for Innovetion

Aker Arctic

Open water Mode:

The vessel will operate in the
open water conditions as the
normal tankers.

Podded propulsion provides
good open water efficiency and
easy arranagement of general
spaces.

X Nov-07

© 2006 Aker Yards

Slide 56
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Double Acting Arctic LNG

Aker Arctic

T e et

k
A AV AN //

ARG
- Ngll N

Main Dimensions

Loa 340 m
Lpp 324.90 m
Breadth, moulded 50.00 m
Depth 22.90 m
Design draught 12.00 m
Deadweight design abt. 92,650 t
Scantling draught 12.7m

Deadweight scantlingabt. 95,800 t
Gross tonnage abt. 133,000
Cargo capacity 206,000 m3
Speed design draught 19.5 kn
Ice breaking performance @ 5 knots
astern:1.5m / ahead:70cm

Radius of action  abt.13,000 nm

Class

LR+100A1, Liquefied Gas Carrier,
Ship Type 2G (Methane in
independent tanks, Type B, Max.
pressure 0.25 kg/lcm2, Min.
temperature -163°C) *IW S, +LMC,
UMS, NAV1, IBS, SCM, LI, Ship
Right (SDA, FDA, CM), ICC, TCM

Deep well pumps tanks

155 m.l.c 10 x 1,600 m3/h
Boil off rate 0.15%
Combined cargo heater/ vaporizer
Inert gas/venting plant

Bow thruster abt. 2,000 KW

Machinery
diesel electric propulsion,
2 x Azipod: Output 2 x 18,000 kW

Diesel generator aggregates

dual fuel total abt. 46,000 kW

Fuel consuption 7.3t/h

Integrated automation system

Voltages for main consumers
11kV/6.6kV, 450/230V, 60Hz

Water/CO2/powder fire fighting

system

Accommodation

Crew cabins incl. Pilot 49 pers.

Verified performance for Kara Sea

Level ice test results astern

170cm 4.9 knots
150cm 5.4 knot
Ridged ice astern

11-14m 0.8 knots

Heavy ice conditions can be penetrated
with'the same power level in the engines
as are needed for the open water trade!

Preferred for Innovetion

Aker Arctic
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The real potential is in LNG Aker Arctic
trades with Arctic DAS carriers

Yamal — Europe/U.S. Gulf of Mexico

We have three major ongoing

R & D projects:

-for developing large size Arctic pod
drives, with CNIIMF, KSRI and RMRS

- for measuring thruster loads in order to
find right dimesnioning basis in the
future

- for developing contra rotating propeller
solutions

-We are working also in projects related
to LNG fuel and fuel cells in Arctic, and
on ice induced vibrations and impacts to
the gas containment system

Preferred for Innovetion

Ice Coverage Predictions 2000-2100  Aker Arctic

March

September

Preferred for Innovetion
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The Northern Sea Route (NSR) Aker Arctic
versus Suez Canal Route (SCR)

Hamburg - Yokohama

NSR = 6,920 sm

SCR =11,430 sm

Preferred for Innovetion
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Study for the Instiutute of the North: Aker Arctic
Trans-polar Containership :

The "Norilskiy Nickel”
experience has led
one step closer to
efficient trans-polar

cargo liners.in
"economy-of-scale”

sizes.

A feasibility study was conducted
for US Government

2 x 17 MW pod drives,
Transit time

Alaska-Europe
11 days (summer),
20 days (winter)

Preferred for Innovetion
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Aker Arctic

Arctic Tanker Loading — one alterantive solution

Tanker Machinery Room and Superstructues at Bow
To enable STL to be installed at Stern

/ DP DAT contributes to the
station keeping capacity of the \ce Drift
I STL mooring Direction

Preferred for Innovetion
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The next need: Ice-going research Aker Arctic
vessel, capable
of working in ice-covered

* bow thrusters secure the
efficient and stable speed inice
conditions

*« model test results confirm good
propulsion efficiency for bow
propellers

*no disturbing propulsion noises
into the scientific system

« wide stern secures efficient
seismic work

« hull form developed to
leave a wide open channel
behind the vessel

* no propellers to disturb the
seismic work

Preferred for Innovetion
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Air bubbling used as noise barrier to Aker Arctic
isolate from propeller and ice breaking
noise

System tested on "Ryabinkin” class
geophysical research vessels

The Aker Arctic wide-stern seismic icebreaker with bow propulsion
and an-air bubbling noise barrier for work in Arctic environment.
Aker Arctic has unique measurement data on underwater noise
caused by e.g. the icebreaking itself. A related important study
was conducted recently to-an Owner wanting so far to be
anonymeous.

PreferredTor Innovetion
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Winter is our challenge in oil spill risks  Aker Arctic

Difficult access through the archipelago and ice ridges
/77

Average Average (maximum)
ice coverage ice thickness
""" (days)
" Primorsk 140 50 (90)cm
St. Petersburg 145 55 (90)cm
Porvoo 110 40 (89)cm
Tallin 90 35 (85)cm

GUilf of Finland with the location of the A long-term statistical analysis
Primorsk terminal and prevailing winter Of the

ice conditions. ice conditions for the Primorsk
terminal.
Pieferred for Innovetion K.Riska
4Nov-07 Slide 66
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Port of Primorsk, 160 Mill tons/year Aker Arctic

Preferred for Innovetion

IMO notified practice: Two icebreakers

escorting minimum an IA ice class tanker AKerArctic

Preferred for Innovetion
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Safe and reliable Aker Arctic
But sometimes only one is available Aker Arctic

Preferred for Innovetion
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.. or not any available, the whole convoy Aker Arctic
drifting on terms of the weakest

Preferred for Innovetion

Larger vessels are introduced, Aker Arctic

B-Maxes exceeding 200 000 tdw
y.7

Preferred for Innovetion
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Total ship calls in Russian ports in Aker Arctic
the Gulf of Finland during winter
navigations of 2002-2006

Z4Nov-07 Slide 73
© 2006 Aker Yards

Number of port calls in Russian ports of Aker Arctic
Primorsk, Vyborg, Vysotsk and

Ust — Luga during winter navigations of

2002 — 2006

7007

6001

5007

400+ M Primor sk

3001 B Vyborg and Vysotsk
O U - Luga

2001

1007

O.l
2002-2003 2003-2004 2004-2005 2005-2006

Preferred for Innovetion

X Nov-07 Slide 74
© 2006 AkeT Yards

37



Total cargo turn-over of all Russian Aker Arctic
ports in the Gulf of Finland during winter
navigations from 2002 to 2006

B Cargoturn-over,
thousand tons

2002-2003 2003-2004 2004-2005 2005-2006

Preferred for Innovetion

Gulf of Finland examples, Aker Arctic

February 2003

Preferred for Innovetion
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Shallow waters, many turns Aker Arctic

Preferred for Innovetion

Oil spills, not if but when? Aker Arctic

Case "Runner”, just fuel
not cargo oil

Preferred for Innovetion
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Typical platform, ORLAN in Sakhalin Aker Arctic

Aker Arctic
"FESCO SAKHALIN” for Sakhalin 1 (Exxon)

Preferred for Innovetion
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Efficient dispersant management Aker Arctic
with azimuthing propulsion

Preferred for Innovetion

Oil combating icebreaker Aker Arctic

4Nov-07 Slide 82
2006 Akef Yards
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Another innovation — the oblique oil combating
icebreaker for wide tankers

Multipurpose
oil combating

Preferred for Innovetion

i

three functions in
one small size
hull

icebreaking by
the side

one 40m wide
channel, replaces
two traditional
icebreakers

oil combating in
heavy ice
conditions (ice
cleaning vibrator)

excellent for
escort towing

icebreakers (oblique)

Aker Arctic

Excellent added performance

values

Preferred for Innovetion

Vessel speed in knots

Aker Arctic
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Why should a ship be symmetric? Aker Arctic

Preferred for Innovetion

New ice operation tools Aker Arctic

Preferred for Innovetion
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Icebreaking trimaran development

Aker Arctic
for icebreaking and oil spill combat

A new innovative, patented solution
for icebreaking will give an excellent basis
for developing oil spill combat capabilities.

Looking for interested partners
for a JIP for the practical concept
development studies

Preferred for Innovetion
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Aker Arctic

Creativity IS our ousiness

Preferred for Innovation
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Aker Arctic

Thank you!

Preferred for Innovetion

Copyright Aker Arctic

Copyright of all published material including photographs, drawings
and images in this document remains vested in Aker Arctic and third
party contributors as appropriate. Accordingly, neither the whole nor
any part of this document shall be reproduced in any form nor used
in any manner without express prior permission and applicable
acknowledgements. No trademark, copyright or other notice shall be
altered or removed from any reproduction

Preferred for Innovetion
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Polaris Applied Sciences Inc.
Papers Bainbridge Island WA, USA

Sponsors

Shoreline operations in Arctic and subarctic environments involve
an understanding of the fate and behavior of oil in snow and ice in
order that decision makers can develop appropriate objectives and
strategies for treatment or cleanup activities. The first part of the
paper summarizes the results of a review of the "state-of-the-art”
regarding the behavior of oil on ice and snow covered shorelines
and the response options for cleanup or treatment. This review
was undertaken, in part, as the basis for considering R&D options
to redress gaps in our knowledge or technological deficiencies for
response operations on shorelines with snow and ice.

Two key components of the decision process for Arctic regions are
remote area logistics/operations and waste generation. The second
part of this paper describes a current project to develop a Decision
Guide and Job Aids for waste management in the Arctic. The
volume of waste generated by the response activities is not
controlled by the size of the spill, nor the location, but rather is a
direct function of the response objectives and the response
methods decisions made by the management team. It is important
therefore to understand the decision process and to provide the
decision makers with relevant information regarding waste
generation, waste types, and waste volumes upon which they can
set the response objectives.

Dr. Owens has 40 years experience in arctic and sub-arctic
environments in the Canadian Arctic and on the Alaska North
Slope. He has been involved with Sakhalin Island oil development
and production projects since 1995 and with arctic oil spill
response operations or oil spill experiments in Spitzbergen, Russia,
and Canada. Dr. Owens focus is on shoreline operations and he
has flown and mapped the arctic coasts of the Northwest Passage
from Baffin Bay to Point Hope.

© 2007 SL Ross Environmental Research Ltd.
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Topics

s Range of winter-arctic
operating envirenments
for oll spill planning and
response






Topics

s Shoreline treatment
e pehaviour of oil on shore ice and snow
e documentation
e response field guides and manuals
e operational factors (waste management)






Sakhalin 1 Project

Faced with a range of winter operating
environments for planning and response

s Offshore production (Orlan)

s Subsea pipeline to shore

s Shore zone production (Chayvo)
s Subsea pipeline (Tartar Strait)

= Pipeline to SPM (DeKastri) _

s SPM






Sakhalin - Sea Ice

Mean Ice Concentration - December 1

land

80 - 100%
concentration
50 - 80%
concentration
30 - 50%
concentration
0 - 30%
concentration
open water






Sakhalin - Sea Ice

Mean Ice Concentration - March 1

land

80 - 100%
concentration
50 - 80%
concentration
30 - 50%
concentration
0 - 30%
concentration
open water






Sakhalin - Sea Ice

Mean Ice Concentration - June 1

land

80 - 100%
concentration
50 - 80%
concentration
30 - 50%
concentration
0 - 30%
concentration
open water






Sakhalin Winter Operating-
Response Environments

NE Sakhalin — Orlan/sulbsea pipeline

e [ce foot

e |and fast ice

» offshore pack ice: highly mobile — highly variable (open
water to open drift ice with 5/10 or less to 9+/10 very close
pack)

s freeze-up with 9/10 young ice: early — late
December

= open water with 5/10 or less: late May — late June

- average 195 days ice-free days

%





NE Sakhalin
Annual Coastal Processes Cycle

onshore average
wind speed >4 m/s

offshore winds
>10 m/s

fréeze—u};

coastal ice

fog

wave height
>1.25 m (50%)

T BERE
air temperature
>0 °C






open water
land fast ice

ice foot

land fast ice

NE Sakhalin — January 2007

n

FOLARI






offshore 5/10 ice

land fast ice

ice foot

ice foot open water

active tidal inlet

Chayvo Bay





Sakhalin Winter Operating-
Response Environments

NW Sakhalin — Tartar Strait — subsea pipeline
e |ce foot

e |and fast ice

e Stable, solid ice cover

early November - first ice forms
by end Dec.- 9+/10 cover south to 48 deg N.

Jan-March - stable shore-fast ice forms in Northern
Strait and in coastal bays

May-June — ice clears





Tartar Strait — April 2006






Sakhalin Winter Operating -
Response Environments

Mainland — DeKastri Marine Terminal
e |ce foot

e |and fast ice

e offshore - very open to open drift ice

s early November: first ice forms
= by end Dec: 10/10 cover up to 48 deg

= Jan-March: stable shore-fast ice forms In
Northern Strait and in coastal bays

= May-June: ice clears






ti:-_._i?ﬂﬁt

b N W
o i

ti |__-Im:'.. W | A e
.-

i{.*.‘..":&F- § Y. Wi W
X rt e
WA

ot

i






Arctic Shorelines

s For oll spill planning and response need to
consider:

e the physical character of the shore zone (ice and
snow conditions), plus

e near/offshore ice conditions
e tidal range

= as well as the oil type and volume.






Topics

s Shoreline treatment
e pehaviour of oil on shore ice and snow
e documentation
e field guides and manuals
e operational factors






Oil int Snow Behavior (1)

understand the basic principles

do not adeguately understand the
mechanics of oll behaviour or transport
mechanisms for predictive modeling, plus

oll often 1s hidden from view, SO

It Is difficult to estimate oil transport
pathways and to anticipate where the oill
will accumulate





Oll int Snow: Behavior (2)

Key factors In migration’ pathways

dare:
= Snhow thickness
= Show surface topography
= Snow character and properties
= terrain slope
s presence of ice layers
= Oll properties

A complexity that is not conducive
to predictive modeling





Ol in Shew: Behavior (3)

= Nothing really new for the past 20
years — little research effort — little
Interest?

s Most of the effort has been on oll
and sea ice.






OIl and Shore Zone Ice

= OIl and ice behaviour basically is well
understood for sea ice.

s Can theorize, but do not actually know, how
oll interacts with shore zone ice
e during freeze-up (ice foot formation),
e with shore fast ice,
e under ice In the zone of tidal ice hinge zone

=S






SINTEE 2007-2008
Winter Studies (1)

Introductory studies to better:
e understand winter shore zone dynamics

e document the formation and character of ice
on typical northern shorelines

as the basis for further studies on icy
shorelines.






SINTEE 2007-2008
Winter Studies (2)

s Environmental observations and data
collection at two northern locations

s Evaluation of how long-term met. data
can be applied to predict the freguency
and duration of icing events

s Evaluation of how Icing events can be
predicted by correlating short-term local
observations to long-term met. data






Arctic Shoreline Treatment
- Field Guides and Documentation

s 1996 Environment Canada “Oilled Arctic
Shorelines™ Field Guide Is In revision

= Marine, Lake, and River Manuals: with specific
sections on shorelines with snow and ice

s 2004 Environment Canada Arctic SCAT
Manual

s SINTEF “Stranded Oil on Shorelines
with Snow and Ice” review May 2007/





Shoreline
Treatment
Field Guides

SHORE ICE
".I’c:latlle Light nh;LL{E; Heavy | Solid |
FI rild





2004 "
ARCTIC

SCAT MANUAL

A Field Guide to the Documentation
of Oiled Shorelines in Arctic Regions

funded by S _
The Arctic Council %:*"“ﬂ EPPR ::m'mﬁ

I;‘-‘ A Pr rogram of the Al't.'.ti Council
L .'.II .-.I'-I | . i : - i : E" " -l
: - - U I.--‘*';H aF ;

H-





2004 Arctic SCAT Manual

e |ntroduced standard terms
and definitions for shore-
Zonhe snow and Ice character

e Described shore types that
are unique to the arctic

e Show and Ice Job Aid

e Arctic-winter SCAT
forms

e Provided “First
Responder” short form






Snew: and lce Termlnology

SNoOW SNW
frozen swash. FSW
frozen spray FSP=—>:&
Ice foot IFT
Ice-push ridge IPR
grounded floes GFL
glacier ice GLC =

i






Inundated Low-lying Tundra






lce-Rich Tundra Cliffs






Decision Process

s SCAT provides
relevant information
on shorelines and ol
conditions.

s [he decision process
then has to focus on
environmental and
operational factors
that are critical to
arctic regions.






Decision Process
- Operational Factors In the Arctic

s Location - Remoteness
e |ogistics support
e \Waste minimization

s Treatment Endpoints

e tfreatment techniques/effort
e \waste generation

s Environment and Human Use
e seasonal sensitivity/vulnerability





Arctic Council EPPR - Work In
Progress

s Developing a Decision Guide and Job
Alds for waste management in the
Arctic.

= Focus Is on those considerations that
are integral to the selection of
practical and feasible strategies and
tactics.

s These considerations are very
different for “remote areas” and for
arctic regions.

%





Concept

s Involves a realignment of standard
concepts.

s Requires a shift from those strategies that
apply to populated and/or accessible areas
with a

s Strong emphasis on in situ offshore and
onshore treatment options.






Approach

s Provide tools for decision makers
that Illustrate the conseguences of
different strategy decisions.

s Present guidelines in a non-technical
format.

= EXplain how affect
waste generation (e.g. with respect
to treatment end points).

%





PART 1 - WASTE MANAGEMENT
STRATEGIES

“step-wise approach on how to make decisions”

1.1 Waste Generation (policy input)

1.2 Waste Types (input to Job Aid tool)

1.3 Waste Volumes (input to Job Aid tool)

Completed in March 2007






PART 1 - WASTE MANAGEMENT
STRATEGIES

1.1 Waste Generation

s Information requirements for the decision process
step 1: selection of treatment end points
step 2: selection of treatment methods

s two decision levels: regional and segment specific

1.2 Waste Types

by different treatment methods, oil types, shore types, and
spill sizes for oiled snow, ice, wildlife, etc.

1.3 Waste Volumes

by different treatment methods, oil types, shore types, and
spill sizes






PART 2 - WASTE MANAGEMENT OPERATIONS
AND TECHNIQUES

“what to do and how to implement the decisions”

2.1 Waste Handling

2.2\Waste Transfers -,

2.3Waste Disposal /8 {u' dos ,

Next phase






PART 2 - WASTE MANAGEMENT OPERATIONS
AND TECHNIQUES

2.1 Waste Handling

s classification, segregation, packaging, labeling, temporary
storage

= Including oll/water separation and seasonal factors (e.g. oil
on ice)

s advantages and disadvantages of each option

2.2 Waste Transfers
(between generation and disposal)

= primary, secondary, and tertiary storage

2.3 Waste Disposal

= Is the objective to bury, eliminate or recycle?
onsite and offsite

permanent disposal

applicability, advantages, disadvantages, and cost
Implications of each option





PART 3 — COUNTRY-SPECIFIC TOPICS

“how does the decision process and implementation
of a plan apply to a specific country — what are
the key geographic considerations”?

= [he key administrative, jurisdictional, and land
management procedures (organized in sections
for each participating country)

Canada completed in March 2006

%





PART 4 — TOOLS AND JOB AIDS

Recommended detailed Table of Contents for
the Waste Management section of on Oil Spill
Contingency/Response Plan.

Computer calculator/tool for decision makers
that inputs:

e shore type,

e 0il type,

e 0il volume,

e selected treatment tactic,
e treatment end point, and
e disposal method

and provides comparative:
e waste volumes,

e waste types, and

e transfer costs

% Final phase






Summary (1)

= Many different aspects to oil on shore
Ice and snow — as there are with all of

the other shoreline types.

s Despite the variability, the treatment
response options are straightforward
and the decision process Is not
complicated but Is poorly
understood.





Solutions

Develop better field tools as well as SOPs
or Rules of Thumb for delineation of oil In
shore Iice and snow.

For the wide range of
= shore ice and snow conditions

= nearshore ice/open water situations
= oIl types
develop scenarios and generic tactics
sheets for planning and training.





lce and Snow Condition Scenarios

s Stranded ice floes or blocks on a pebble cobble
beach

= Newly forming ice foot with open water
nearshore

s Open water with freezing splash and spray

= Mid-winter with ice foot, tidal cracks, and
solid floating nearshore ice

s Spring thawing ice foot with open water
nearshore

s Deep backshore-supratidal snow cover
(2.0m) with nearshore open water

s etc. etc. for different oil types
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Summary: (2)

Eor spill respense strategy.
transfer what we already

planning,
Know about oll

INn shore Ice and snow to t
process In terms of:

= locating oll,

ne decision

= feasibility and practicality of treatment,

and

= Wwaste management (including ice/snow

melting).





Summary.: (3)

Is there anything else that we need to
know or do?

= Behavior of oll in snow and ice on
shorelines is basically understood, but...

= Know very little about how oll interacts at
the shoreline Iin different ice and snow
conditions (e.g. freezing vs. thawing ice
foot) with the different ice and snow

forms.

= [ransport processes and detection are
poorly understood and offer opportunities
for Improving response capabilities.

%





Shoreline Treatment In Arctic
Environments

s [he response and removal technigues for
snow-ice conditions are basically well
understood.

s Improvements and progress are more a
function of:

e understanding the behaviour and fate of oll
on snow and ice In the shore zone,

e |ocating oil In shore ice and snow, and
e using the right tools in the decision process.

%
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Paper presented by: Kari Lampela, Finnish Environment Institute

Shipping has steadily increased around the Baltic Sea over the past
decade. Around 2,000 sizeable ships are normally at sea at any
time in the Baltic, including large oil tankers, ships carrying
dangerous and potentially polluting cargoes, and many large
passenger ferries. The Baltic Sea has some of the busiest shipping
routes in the world.

The trend to increasing marine oil transport in the region started
with the disintegration of the former Soviet Union. Russia lost parts
of its Baltic ports to the surrounding States. These developments
quickly led to new harbour and terminal developments such as:
the Muuga oil terminal in Estonia, St. Petersburg oil terminal
rehabilitation, and new terminals at Primorsk and Vysotsk in
Russia. Oil transportation along the North-Eastern part of the Baltic
Sea exceeded 100 million tons for the first time in 2004. New
prognoses have estimated that at current crude oil price levels the
total oil volume transported in only the Gulf of Finland may exceed
250 million tons before 2015.

High levels of tanker traffic in a sensitive and shallow sea require
special procedures and safeguards to maintain safety. Winter
vessel traffic creates special challenges to maintain schedules and
reliability in all weather and ice conditions. This paper gives an
overview of shipping statistics in the Baltic, the current level of
accidents and the main actions taken to improve maritime safety,
focusing on winter navigation. The safety-related actions of
HELCOM, and latest joint activities in the area are briefly
highlighted along with an introduction to the challenges of winter
spill response.

Mr. Jorma Rytkodnen is currently working as a research director of
the Kymenlaakso Polytechnic University in Kotka, Finland. He has
more than 20 years background in maritime R&D in the areas of
maritime safety, environmental impacts, oil combating, mechanical




recovery and oil bioremediation. Recently he has worked closely
with the Baltic scientific community preparing a joint report on the
risks of oil transportation in the Baltic and a manual for open sea
monitoring of illegal oil discharges. He is also the research director
of the MERIKOTKA Research Institute, a joint venture of four main
Universities in Finland. The focus is on maritime safety, winter
navigation and environmental protection.

© 2007 SL Ross Environmental Research Ltd.
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Baltlc Sea N Brlef

 The current surface area of the Baltic & -""'“-'-.,, Y
Sea (Figure 2) is approx. 420,000 km?2, AF -
its volume is 21,000 km3. fg"{

» The extent of its catchment area o~ Y
exceeds 1,700,000 km2. Therefore, the £ o L
catchment area is approximately five ! W i Lo
times as large as the surface area itself. j |

« The average depth of the Baltic Sea is i ¥ {
just 55 m, compared to other ¢ A
landlocked seas such as the %;L N\ .,,?i-.-a..f
Mediterranean whose average depth is W )j _,,,}' -
1,000 m. The greatest depth of the W { A
Baltic Sea is only 450 m. \ Y

« A total of nine countries border the sea: gl )t
Denmark, Estonia, Finland, Germany, YT R el L
Latvia, Lithuania, Poland, Russia, and i, W
Sweden. o4 e
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Development Trends

Maritime Traffic is increasing in the Baltic Sea,

Oil Transportations will grow significantly especially
In the Gulf of Finland area,

New Risk Control Options are scheduled in the near
future,

Recent statistics shows increased risks for collisions
and groundings in the Baltic Sea (Helcom statistics)

Winter Navigation may encounter problems in severe
winters.
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OIL TRANSPORTATION IN THE GULF OF FINLAND THROUGH MAIN OIL PORTS
Oil transportation in years 1995-2005 and estimated development by year 2015

300 — —
| Vyborg
e ™ | oo | Sl e
— ?nﬁ?q"’“fq Helsinki . 4;9: g -- “}'-';1:'_-: |
= | =
= 1501 ] - [Pt :
2 ~ St. Petersburg
S 100 i ~ ' Ust-Luga
. Sillamae
50 | i Lot
g o e -I
0 ,j ; ; ar | |'
1995 2000 2005 by year by year
2010 2015

O Porvoo B \/ysotsk O Primorsk O St.Petersburg OUst-Luga O Sillaméae OTallinn O Others (smaller oil ports)*)

o
e

5Y KE

Sources: vwvw.transneft.ru, WwWw.seanews.ru, WM. rzd-partner.com _w_
Main oil ports of the Gulf of Finland, HELCOM AIS Database, www.smhi.se/Seatrack Vrr
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Transportation Statistics - Chemical Bulk

e |nquiry to 55 ports
: « Statistics
25 .
‘ o _E Reports and webb pages
:‘?* - « Totally 46 ports data
_;'" £L « Liquid Bulk
| S 3 . - « Based on the data received, liquid
! [ :ﬂ' * . . .
| Ty, A e bulk chemical transport in the Baltic
| *‘:;af* Sea was around 9.1 million tons in
b - 2004 compared to the 5,8 million
\ o tons in 1987.
| h___*'-: - - » Sources and data are published by
N W i VTT ( VTT Publications 595).
S
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"~ Ice conditions in the GoF based on the satellite

Image (source WWW. Iceadwsors f|/A UUSIahO)
znus 03-28 155“!UTC 3PS -ﬁ”‘f_ R
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Prioritised list of hazards related to winter navigation
In GoF

Heavily increasing tanker traffic

Increasing traffic volumes between Helsinki and Tallinn
Single bottom tankers
Rescue operations in heavy ice conditions

Vessels unable to give way according to regulations because of heavy
ice conditions

Oil combating measures in ice conditions

n B L kR =

-1 @™

Crews which are unfamiliar with ice conditions or inexperienced in
winter navigation

8 Lack of escort towing

9 Getting stuck in compressive ice

10 Occasional disruptions in icebreaker activities
11 Problems in radio communication

12 Navigation errors, which happen when trying to avoid difficult ice
conditions

13 Lack of routing system in ice conditions
14 Cold weather, rapidly changing ice conditions
15 lcing
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Acc:ldent and |nC|dent types (vav |CeadV|sors f||

Accident/incident Typical ice related situation
type
Hull ice damage *Ship moves at moderate or high speed and hits fast

ice, an ice floe or ridge
Ice is compressing against the side of the ship hull
Rudder damages eIce load directed to rudder (when moving astern)

*E.g. ramming operations in difficult ice conditions with
repetitive back and forth movements

Propeller damages *Ship with stopped or slowly rotating propeller is
moving through ice

Ramming operations in difficult ice conditions with
repetitive back and forth movements

Fire or explosion,
machinery damage
etc.




http://www.iceadvisors.fi/
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AC|dt andmudent tybes (

WWW. |CeadV|sors fi )

Accident/incident type

Typical ice related situation

Collision

°In icebreaker assistance

Between unassisted vessels in narrow ice
channel

Drift groundings

*\Vessel gets stuck in ice and drifts with the
ice on a shoal

Powered grounding

Ice prevents from making needed
manoeuvre to keep ship on safe route

*VVessel is seeking for an easier route in
difficult ice conditions and thus deviates
from the normal route

lcing

*Cold and windy open sea conditions




http://www.iceadvisors.fi/
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Risks of winter navigation in the northern
Baltic Sea (Jalonen et al, 2005)

Winter Fatalities Pollution Total loss
classification

mild winter | oncein 40-75 oncein 817 | oncein 12-20

years years years

normal winter | oncein 10-20 oncein 2-5 oncein 2-5

years years years

severewinter oncein 3-6 yearly oncein 1-2

years years
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STRUCTURE OF HELCOM

CONTRACTING PARTIES
Denmark, Estonia, European Community,
Finland, Germany, Latvia, Lithuania,

Poland, Russia, Sweden

| HEADS OF DELEGATION '

HELCOM HELCOM HELCOM HELCOM HELCOM
|r.1m11m| |usrnunl | LAND I |mm| |mn‘rxr|
| Working groups and prn]ectsl
| Seminars, symposia, informal expert meetings I

[ HELGOM matire area
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« HELCOM RESPONSE at work

o The Group works:

* to ensure swift national and international response to maritime
pollution incidents

» to ensure that in case of an accident the right equipment is
available and routines are in place to respond immediately in co-
operation with neighbouring states

« to analyse developments in maritime transportation around the
Baltic and investigate possible impacts on international cooperation
with regard to pollution response

* to coordinate the aerial surveillance of maritime shipping routes to
provide a complete picture of sea-based pollution around the Baltic,
and to help identify suspected polluters
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" HELCOM MARITIME GROUP

The Maritime Group of the Helsinki Commission (HELCOM
MARITIME) works to prevent any pollution from ships — including
deliberate operational discharges as well as accidental pollution.

Shipping is an international business that needs international
regulations. All ships sailing the Baltic have to comply with the strict

global and regional regulations, regardless of whatever flag they are
sailing under.

HELCOM MARITIME organises regular meetings involving
representatives from inter-governmental organisations, non-
governmental organisations, maritime transportation authorities and
pollution incident response organisations.

HELCOM MARITIME works closely together with other international
bodies such as the Ilnternational Maritime Organization (IMO) to
ensure that international measures are properly applied and
implemented in the Baltic.




http://www.imo.org/
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MT Baltic Carrier Accident in 2001 and HELCOM's
Extraordinary Ministerial Meeting

e ICE EWG

 PILOT EWG

e AIS EWG

« ROUTEING EWG
« SURVEYING EWG





Pllot Expert Worklng Group /
High Risk Areas

e 1 Gulf of Finland
e 2. The Northern Quark
e 3. The Southern Quark

e 4. The Strait of Irbe
(Latvia’s contribution)

e 5 The area between
Bornholm and Sweden

e 6. The area between the
Sound, the Katetrende

e 7. The Baltic Sea from a
line N-S at 11057,5" E to
aline N-S at 120 44’E

8. The Baltic Sea W of a
line N-S at 110 57,5'E

9. The Sound, the Belts
and Kattegat S

« 10. Kattegat N of a line
between Sjaellands Rev
and Fornaes.
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Risk Control Options iII Reduce the

Risks of Accidents
Figure: Number of Oil Spills over 700 tonnes, ITOPF
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Risk Control Opt|ons

Automatic Identification System (AlS) is a system that
makes it possible to monitor ships from other ships, and
from shore based stations. AlS equipped ships
continuously transmit a short message containing
Information of position, course over ground (COG),
speed over ground (SOG), gyro course (heading), etc.
Ships equipped with AIS meeting anywhere on earth will
be able to identify and track each other without being
dependent of shore stations.
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Electronic Chart Display and Information System

An ECDIS is not only an adequate

replacement for the paper
nautical chart but also asystem — Go = isjemsiesim e SR fone
containing all information : ' o o

important for navigation that - -
can be called up at any time and o .
without delay. Today, this +
information is still scattered Aol A
about in various publications, Al L
and manual search procedures ' ,qﬁ,i_rJ;f
are laborious and time :-*_E::__L-_E
consuming. ECDIS also offers T 'Tf?,ﬁ:;;e:—"’ '_::_

the possibility of automatic amie ] e ey
antigrounding alarm, which is

not possible with any other

navigation aid.
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GOFREP system, since 1 July 2004
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RCOQO's - Conclusions

Risk estimations based on statistical analyses may give false results, if
the statistics is not reliable enough (too narrow, not harmonized),

however Global FSA is required

Numerical simulations may include restrictions and simplifications
AIlS gives real-time accurate information for the Risk Analyses

The use of RCO's in the future will reduce the risk levels significantly

Winter navigation - GOF

More attention should be paid to human-machine interaction. WHY ?





Focus to the preventory measures, but do not
forget to be prepared

et
S
E

Spring 2007 — douple hull modern tanker grounded
with over 100 000 tn of crude in spite of all RCOs
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As part of the Joint Industry Program "Oil Spill Contingency for
Arctic and Ice-covered waters" testing of a selection of oil recovery
skimmers has been performed. The testing was performed in
SINTEFs ice basin at low temperatures and in the presence of two
different ice conditions. The selection of skimmers was made in
cooperation with manufacturers. Totally six skimmers were tested,
four brush drum skimmers, one brush belt skimmer and one drum
skimmer equipped with lamellas.

As has been demonstrated in previous basin testing brush and
brush drum skimmer has shown a high potential for recovery of ail
in ice. However, equally important as the oil recovery principle is
the ice processing capabilities of the skimmer. Two of the
skimmers tested showed better ice processing capabilities than the
others and gave promising results in the basin testing.

Ivar Singsaas is a Senior Research Scientist at SINTEF Materials
and Chemistry, Marine Environmental Technology Department in
Trondheim, Norway. He obtained his MSc from the University of
Trondheim and has worked with oil spill contingency at SINTEF
since 1991. Main scienfic areas are: weathering studies of oils, oil
spill contingency analysis and planning, and oil spill response
technology development.

© 2007 SL Ross Environmental Research Ltd.
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Recent testing of Oil-In-lce Skimmers

by
lvar Singsaas and Per S. Daling
SINTEF Materials and Chemistry,

Trondheim, Norway

Ivar.singsaas@sintef.no

SINTEF Materials and Chemistry
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Objective

® Overall objective,

B To improve and develop technology for oil recovery in ice-covered
waters in cooperation with suppliers of equipment

® The project shall

m Document the capability and limitations of selected mechanical
recovery concepts

m Make recommendations for improvements

m Carry out further testing of improved units

m Initiate development of new oil spill recovery concepts

m Give recommendations for the generic oil spill recovery guide.

SINTEF Materials and Chemistry





JIP testing scope

Laboratory / Basin / Svalbard / Field trial

Laboratory Laboratory Basin
Basin Basin Field trial
Svalbard Svalbard
Field trial
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Mechanical recovery in ice-covered waters

® Totally different problems than in open waters:

m Limited flow of oil to the recovery device — limited access
Deflection of oil together with ice
Separation of oil from ice
Increased viscosity
Icing /freezing of
equipment






lce processing

@ Recovery of ice

M |ce deflection
B Submerging (Lamor LOIS)
m Lifting (Morice concept)
m Lateral displacement

B Non ice deflection

Ice dimensions in metres
1 1 [ 1

0 0,1 1 10 100 1000

Recover
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R&D basis

B 1992: Canadian Petroleum Association: State of the Art Review:
Oil-in-lce Recovery (Solsberg et al.)

B 1996: MORICE Phase I; Report published by SINTEF
B Summary of suggested technical solutions to oil-in-ice recovery

Concept Function Potential
Lifting Grated belt Ice processing M
Submerging Grated belt Ice processing M
Large/lightweight Drum Oil recovery L-M
Brush and Brush-Drum Oil recovery/lce processing C H)
Air Conveyor Oil recovery M
Grated Plough Shaped deflector Ice processing M
Rope Mop Oil recovery <_H>
Auger Deflector Oil recovery L-M
Ice processing M
Archimedean Screw Vehicle Operating platform H
Lifting Plane with induced overflow Oil recovery L-M

SINTEF Materials and Chemistry





Existing skimmers for testing

® Nominations by equipment suppliers/manufacturers

¥ [nvitations to approximately 15 suppliers/manufacturers
B Response from 4 suppliers/manufacturers

W Basic skimmer concepts for testing.:

B Brush drum skimmer
B Brush chain skimmer
® Brush helix skimmer
B Shovel drum skimmer

SINTEF Materials and Chemistry





SINTEF Marine laboratory (at Trondheim Harbour)
(Completed 11/2005)

SINTEF's
Meso-scale test basin

facilities

SINTEF





SINTEF's New Wave-Current-Oil-in-Ice
Basin

Test basin in the Oil Spill Test Laboratory
High degree of flexibility
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Testing at — 18°C

— l
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Testing set-up and parameters

Visual/photo/video

Measured

Prior to testing:

Air temperature

Typically -10 to -18°C

Water temperature

Typically -1,5to 1°C

Emulsion viscosity @ shear rate 10s* & 0°C

Typically 6-20.000 cP

Emulsion layer thickness

Typically 10 to 15 cm

Emulsion temperature

Typically -0,3 to 1°C

Under and after testing:

Flow of oil to the skimmer X

Ice processing / deflection X

Separation of recovered emulsion — free water Settling/heat
Increased emulsion viscosity Phys-chem analysis
Icing / freezing of equipment X

Recovery effectiveness

Recovery per time unit

Free water recovered

Draining

Water in emulsion

Phys-chem analysis

SINTEF

Materials and Chemistry
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Brush helix skimmer

SINTEF Materials and Chemistry — _ _ . . . . 12
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Results from testing without ice

Testing performed at only one pre-set speed — recovery rate are therefore only used to study the decrease due to
the presence of ice. It should not be used to evaluate the maximum recovery rate of the skimmers.

Recovered Recovery rate
Skimmer type Total amount, Free water, Total, Emulsion,
| % m3/hr m3/hr
Brush drum 1 2.342 14 10
Brush chain* N/A N/A Ca. 1-2 N/A
Brush drum 2 2.342 24 7.6 5.7
Brush helix N/A N/A N/A N/A
Shovel drum 2.675 26.8 15D

* Unable to pump the emulsion to the receiving tank. Explained by a malfunction of this particular pump and not a
general short-coming for this skimmer

N/A: Not measured or tested

SINTEF Materials and Chemistry
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Results from testing
Broken ice, 50 %

Testing performed at only one pre-set speed — recovery rate are therefore only used to study the decrease due to
the presence of ice. It should not be used to evaluate the maximum recovery rate of the skimmers.

Recovered Recovery rate
Skimmer type Total Free water, Total, Emulsion, Oil - ice
amount, % m3/hr m3/hr separation
I

Brush drum 1 1.090 @ 3.4 @ (Very good )
Brush chain* N/A N/A N/A N/A Poor
Brush drum 2 2.040 26 4.2 3.2 Poor
Brush helix 1.167 @ 1.3 1.2 @o@
Shovel drum N/A N/A N/A N/A N/A

* Unable to pump the emulsion to the receiving tank. Explained by a malfunction of this particular pump and not a
general short-coming for this skimmer

N/A: Not measured or tested
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Results from testing
Slush icel/ice pieces

Testing performed at only one pre-set speed — recovery rate are therefore only used to study the decrease due to
the presence of ice. It should not be used to evaluate the maximum recovery rate of the skimmers.

Recovered Recovery rate
Skimmer type Total Free water, Total, Emulsion, Oil - ice
amount, % m3/hr m3/hr separation
I

Brush drum 1 2.163 @ 9.3 @
Brush chain* N/A N/A N/A N/A Poor
Brush drum 2 735 76 2.9 0.7 Poor
Brush helix 1.314 o 5.3 5.3 @@
Shovel drum 2.776 56 14.5 6.4 Poor

* Unable to pump the emulsion to receiver tank. Explained by a malfunction of this particular pump and not a general
short-coming for this skimmer

N/A: Not measured

SINTEF Materials and Chemistry
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Conclusions
Brush drum skimmer

B Good ice processing
capabillities
¥ Low uptake of free water

B Should be “winterised”
m Protected by shield
B Heating capability
® Crane operated — need
vessel with excavator

B Candidate for further
testing/verification during
field trial

Materials and Chemistry 17





Conclusions
Brush helix skimmer

B Good ice processing capabilities
¥ Low uptake of free water

B Not constructed for “Arctic”
conditions — modifications
necessary

® Should be “winterised”
m Protected by shield
B Heating capability it
B Crane operated from vesse| [
B Candidate for further

development, basin testing and
verification during field trial

SINTEF Materials and Chemistry 18





Further work

W Task 1: Testing of existing concepts
B Testing and verification of 2 concepts in field trial 2008
Candidates: The brush drum skimmer + Rope mop skimmer

B Task 2: Development of new concepts

B Development of 1-2 concepts - cooperation manufacturers and
SINTEF

Candidates: Modified Helix skimmer + self-operating brush drum
skimmer

m Deliverable: prototype
Testing in ice basin
B Verification in field trial 2009

SINTEF Materials and Chemistry 19





| Potential Field sites
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Speaker Stein Erik Sgrstrom
Bios
SINTEF Technology and Society

Papers Trondheim, Norway

Sponsors

Stein Erik Sgrstrgam has a Masters of Science degree from the
University of Trondheim. He has spent 30 years in various roles
related to environmental management including freshwater and
wildlife management, oceanography, and environmental
technology. Much of this time has been with SINTEF, the largest
research and development organization in Norway and the fourth
largest in Europe.

From 1997 to 2005 he worked in a private company within
innovation and business development with focus on environmental
technology, energy and environment (mainly in China),
environmental monitoring, environmental consulting and project
management. Since 2005 he has been Senior Adviser for SINTEF
Division Technology and Society.

Stein Erik has been involved in oil spill R&D since 1978 and has
broad experience in this field as project manager for a number of
projects. Stein Erik is presently working for SINTEF Materials and
Chemistry as Program Coordinator for the Joint Industry Program
on Oil spill contingency for Arctic and ice covered waters.
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Joint Industry Program
on
Oil spill contingency for Arctic and ice-covered waters.

"JIP Oil in Ice”

October 2007

Stein Erik Sgrstrgm
Program Coordinator
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State-of-the-art studyefrom 2005; _gi#6iinie

Extensive research has been performed during the last 30 years including field tests,
observations, laboratory studies and numerical studies to understand the fate,
behaviour and weathering processes that take place when oil is spilled in ice.

Despite some recent research, the majority of this work is however 10 years or older, as
also concluded in a review on the behaviour of oil in freezing environments (Fingas and
Hollebone, 2003).

Some recent research;
B MMS initiated in 2004 a three year research project focusing on fundamental
weathering processes of oil in ice (spreading, evaporation, migration etc.).
B Another ongoing program is performed by the University Centre on Svalbard
(UNIS) and SINTEF regarding oil weathering at different ice conditions (Brandvik
et al., 2005)

B As well as the projects presented at this workshop

Compared to the in-depth knowledge which exists regarding fate and behavior of oil
spills ilrll I(_)p(_andwater and temperate conditions our knowledge regarding Arctic oil spills
are still limited.

CONCLUSION
B “Ajoint industry program on oil spill contingency for Arctic and ice covered waters”
called “JIP Qil in ice”






Project managers

B Per Johan Brandvik, SINTEF
B |var Singsaas, SINTEF

B Per Daling, SINTEF

B |an Buist, S L Ross Ltd

B Dave Dickins
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Advance and develop
knowledge, methods and equipment
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Lab/basin/field experiments and tests Full scale field trial
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- | P4. Dispersants

P1 Weathering m

P3 M echanical

erification

Testing of

L ong-term weathering,10d, minimum 10m3. Preferably two spills and two different ice conditions (30-50%

60-70 % ice. Weather before burn. One separate burning experiment that requires a weathering period of

emulsified oil.

Two different ice-regimes. Separate spills based on

Two separate spray tests. 6-12 hours/ 1-3 days.

- Shell - StatoilHydro Total E&P Norge - BP

0 % ice. Separate vessel. 5m3 pr :

Plus biological effects. P9- CRRC
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SINTEF

In cooperation with

BSL Ross Ltd,
mDickins Associates

and a number of other R&D
organisations
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Participants from 9 countries —
USA
Canada
Oil

J producing

Kasaksthan
Russia
Norway

Finland
Sweden
Germany
Denmark

IT'S INTERNATIONAL

JIP Qil in ice

Tech +
services
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9 PROJECTS, 25 SUBPROJECTS,
approximately US$ 9-10 mill, 3,5 years from September 2006

P1 FATE AND BEHAVIOUR
Compile existing data

Upgrade oil weathering
model

Meso scale experiments

Field experiments on
Svalbard

Full scale experiment

P2 IN SITU BURNING
Mapping of burnability as
a result of weathering

Field test of herding
agents

Test fire resistant booms

Weathering and window of
opportunity.

P3 MECHANICAL RECOVERY

B Test existing concepts —
winterisation
B Develope new concepts

P4 CHEMICAL DISPERSANTS
| Effectivness by use of
dispersants
H  Improve application
technology

P5 REMOTE SENSING

Dev and test remote
sensing systems

Shell methane detection
system

Develop detection and
tracking concept

Laser Fluorosensor system

P6 GENERIC OIL SPILL GUIDE
u Ice regimes (scenarios)
[ ] Generic plan

P7JIP COORDINATION

[ | Coordination and
INERELNE

B Workshops and meetings
®  Communication

P8 FIELD EXPERPIMENTS
[ ] Svalbard
u Offshore field experiments

P9 BIOLOGICAL EFFECTS

B Qil-ice interaction vs
biological effects

JIP Qil in ice
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JIP Qil in ice

As much as 100 experts?

Steering Committee R&D Organisations

B Oil Companies = SINTEF _
- Agip KCO Mark Shepherd : D. Dickins Associates
|

® Chevron Norge AS, Gunnar H S L Ross
Lille et

® Norske ConocoPhillips AS, Cooperating Organisations
Eimund Garpestad Norwegian Clean Seas, Hans V Jensen
B Shell Technology Norway A/S, Alaska Clean Seas, Lee Majors
Gina Ytteborg Norw. Coastal Admin., Johan M. Ly
B StatoilHydro , Hanne Greiff MMS, Joe Mullins/Dick Prentki
Johnsen OSRI, Scott Pegau
B Total E&P Norge, Ulf Einar Moltu CRRC/NOAA, Amy Merten
B BP; Tad Lynch ..and a number of other experts

M Pluss a number of technicall Reference group on each project;
experts in different topics ® 5experts

Program coordinator Total number of experts involved;
B Stein E Sarstram, SINTEF B Approx 100
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P1. Main experimental activities

1. Meso-scale at SINTEF Sealabk 200708
2. ZSmall scale field trials at Svalbard 200708

3. Full scalka field verificaticn 2009

Defining weathering properties
IS one important basis for defining
the "window of oportunity”
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In situ burning

In-situ burning is particularly suited for use in ice conditions,
sometimes offering the only option for removal of surface oil.

Removal efficiency for thick slicks can exceed 90%. Oil removal rates
of 2000 m3/hour can be achieved.

The fundamentals of in-situ burning are;
W Oill properties or oil type
W Oil weathering (“window of opportunity”)
“ Environmental condition (especially wind and waves)

l%afeW—hazard&éhumamaMJh&eW1ronment)

Oil avaulab:hiﬁ@t‘lﬂhmon/burmng

"vj’-ﬂ-* M + I
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Mechanical oil recovery

Most ice-covered areas have ice-free seasons when technology
developed for open waters can be used.

Oil recovery operations in ice covered waters will however be
confronted with totally different problems than in open waters;

W Limited flow of oil to the recovery device
B Limited access to the oil

m Deflection of oil together with ice

W Separation of oil from ice

“ Contamination of i ice /cleanlng of ice

Agip KCO - Conoco Phillips - Chevron - Shell - StatoilHydro - Total E&P Norge - BP





N SINTEF P3 - Mechanical r_:e&-g\/_lery JIP Oil in ice

How can we make further improvements?

In cooperation with supliers of technology
from
Norway, Finland, Denmark
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Dispersants

B Most of the studies with dispersants under "arctic" conditions have been
performed through the Norwegian ONA-program (1990) and the
DIWO-program (1993)..

B Later cold water dispersants studies have also been performed by S.L. Ross

Environmental Research on Sakhalin/Hibernian/North Slope olils (S.L. Ross,
2001, 2002) and at SINTEF/CEDRE on North Sea crudes (2006).

B The effectiveness of dispersants is dependent on:
W Oill properties or oil type

Type of dispersant

= Oil weathering (window of opportunity) | : 3

-'f_--' *l Sea Water a;,”?, air temperature (oil and dlspersant propertles) ! Szl z_h;'-.'__' |

r ty:gur@aap Ieak' e
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Monitoring and remote sensing

B \When handling oil spills in open water we have a wide
variety of remote sensing tools that can monitor the oll
trajectory, the distribution of the oil and the film thickness
of the oil on the sea surface.

B This is possible through a combination of sensors located
onboard satellites, airplanes/helicopters and even

operated from boats
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P6 — P9

B P6; Generic OSC Guide
¥ For planning purpose

W Based on results from this
program and previous work

B On internet

B P7; Coordination,
managment

@ Administration

Agip KCO -

Conoco Phillips -

Chevron -

B P8. Field experiments
W At Svalbard
W Offshore

B P9; Biological effects
¥ Under development
% In cooperation wi

i ey FE. ey o

Shell - StatoilHydro - Total E&P Norge - BP
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MODELLING Oil weathering model Upgrading of oil weathering algorithmsfor anew version of SINTEF
TOOLS: SN

i
:

DEVELOPMENT |9 v For use of chemical dispersants

New technology For improved mechanical recovery

For dispersant application

|

Experience through meso-scale and full-scale field experiments

Documentation of the usefulness for new as well as existing remote sensing techniques

Tactical descriptions For operational use of chemical herderson oil spilled inice

For the use of fire proof boomsand in situ burning of oil spilledinice

DECISION Generic Oil Spill Guide ., Internet based generic oil spill contingency plan
MAKING TOOL

INFORMATION | Publicationsand repo

rts 5 publicationsin relevant and international reviewed journals.

Condensed summary reportand brochure

Wor k.shops One WS pr semester o g
,,‘ Final JIP oil-in-iceeenfer ence :
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Speaker Frances Ulmer
Bios

Chancellor of the University of Alaska Anchorage
Papers

Prior to appointment as Chancellor of the University of Alaska
Anchorage, Fran Ulmer served as the Director of University of
Alaska Anchorage's Institute of Social and Economic Research. She
brings to this position 30 years of experience of public policy in
Alaska. Previously, she was a fellow at the Institute of Politics at
Harvard University's Kennedy School of Government and a
Distinguished Visiting Professor of Public Policy at the Institute of
Social and Economic Research. In the early 1980s, Fran was the
Mayor of Juneau, then a member of the Alaska House of
Representatives (1986-1994) and in 1994, Fran became the first
female Lieutenant Governor of Alaska. In that year, she was
appointed to the North Pacific Anadromous Fish Commission by
President Bill Clinton and served on this international board for 11
years, including as Chair, with representatives from Japan, Russia,
Korea, Canada and the United States. Fran has participated in
numerous panels, task forces, commissions and forums as a
speaker, moderator and panelist to address the intersection of
science, economics, politics and policy. Fran currently serves on
the Board of Trustees of the National Parks Conservation
Association, the Advisory Board of the Union of Concerned
Scientists and the Alaska Nature Conservancy Board. Fran has a
BA in political science and economics and a Law Degree from the
University of Wisconsin.

Sponsors

© 2007 SL Ross Environmental Research Ltd.
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Speaker Laurie Weir
Bios
Canadian Ice Service

Papers Ottawa, Ontario Canada

Sponsors

The Canadian Ice Service's (CIS) operational program ISTOP
(Integrated Satellite Tracking of Pollution) is design to effectively
use SAR satellite imagery from Canada's Radarsat-1 as an aid in
marine oil spill detection. The CIS has established research
priorities that will help ensure that the ISTOP program will
continue to play an effective role in the mitigation of marine oil
pollution today and in the years to come. The program is a
partnership between the Canadian Space Agency, Transport
Canada, the Department of Fisheries and Oceans and Environment
Canada.

The Canadian Ice Service (CIS) as part of the North American Ice
Service (NAIS) provides ice charts, ice forecasting/ice drift models
and imagery for the western arctic. This year CIS will be
supporting a number of research initiatives in the Arctic as part of
its contribution to the International Polar year. This information
could provide a valuable resource in the event of a trans boundary
spill in this region.

Laurie Weir graduated from Queen’'s University with an H BSc.
Degree in Earth and Atmospheric Science. Her career includes:

* Meteorological technician- Atmospheric Environment Service,
Cape Parry & Hay River NWT.

e Meteorological radar technician-Atmospheric Environment
Service, Sudbury, ON

e Aviation Weather Analyst and Briefer-with the Meteorological
Service of Canada, Toronto

e Ice Observer and Ice Analyst - Canadian Ice Service, Ottawa

© 2007 SL Ross Environmental Research Ltd.



mailto:OilIceWorkshop2007@slross.com

Embedded Secure Document

The file http://archive.boemre.gov/tarprojects/587/papers/Weir.pdf is a secure document that has been
embedded in this document. Double click the pushpin to view.

Ix



<,!’ISTOP -The Integrated Satellite Tracking of Pollution

<. -.Illll-.-_"' -

J Program

Laurie Weir
Canadian Marine & Ice Service

Thanks to slide contributions from Doug Bancroft,

Trudy Wohleben, Matt Arkett, Dr DeAbreu, Steve
McCourt
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Outline

Program Overview-linkages with partners
Operational Work Flow

Aerial Surveillance

Early Results

Time permitting a look at some of the new ice
services available from CIS

ISTOP -The Integrated Tracking of Pollution Program
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The Issue e

 The illegal release of oily wastes posses a threat to the marine environment
« Catastrophic release of oil from vessel accidents or platforms is rare

» Accidental or illegal deliberate discharge at sea - frequent & in some places chronic

Some are dumping waste oils to avoid the
time and costs associated with waste
removal

» Olled Birds Continue to Wash Ashore ' "*

»300,000 per year on the east coast

»What about the arctic?
»|mportant to have a monitoring program

In place
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ISTOP Inte‘r-DepartmentaI Program

Canadian Ice Service, ER
National Aerial Surveillance Program (NASP)

— Coast Guard

DEnfe

Key Objectives
Improve surveillance of Canadian waters
Identify the extent of marine oil pollution
Reduce and deter the illegal release of oil

In terms of enforcement both Transport Canada and Environment
Canada have regulatory jurisdiction and use evidence gathered by
NASP crews to enforce the provisions of all Canadian legislation
applicable to illegal discharges from ships, including the Canada
Shipping Act, the Migratory Birds Convention Act &Arctic pollution
Regulation Act.





y- Canadian Marine & Ice Service % Oil and Ice Workshop

Mission-Oil Spill Deterrence -

ISTOP is a satellite surveillance program for the detection of possible
discharges of oil due to marine transportation and offshore oil
production.

" East Coast:

West Coast S G_tfl'-lf

25% of the
worlds

coastline

ISTOP uses RADARSAT ScanSAR Narrow satellite image
information to vector surveillance aircraft to suspected
marine pollution incidents to ascertain if there is an oil spill.
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RADARSAT vs. Aircraft Costs

Weir
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*November 2006 CIS becomes operational lead s -
*Acquire and process through current ice chain
‘Rem
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Fast Data Turnaround Critical for ISTOP

ISTOP work flow Is time-sensitive

Goal — Near real time to allow aircraft to “ground- - = T Wl
1 truth” and collect evidence D
(@ P - Expedite response clean up activities
— Notification of port authorities to intercept vessels
ISTOP
Processing Products -

. CCG

ISTOP ROCs

Analyst USCG

< 20 min. 35 min. 45 min. 60 min. No Events

90 min. Events
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Partner National Aerial Surveillance Program

TC Dash 8 — Moncton, New Brunswick

&. i Pollution and ice reconnaissance
- in Atlantic, Quebec, Ontario Regions

) | eequipped with MSS6000 surveillance
system
*SLAR

*FLIR infrared and UV line scanner

*AlS Automatic Identification sys.

eCamera system for video and stills

TC Dash 7 - Ottawa, lgaluit, Inuvik

Ice reconnaissance & pollution surveillance in Canada’s Arctic
A - 750 hours per year .. this summer ~100 hours per month—
-~ - Navigable waters Hudson Strait through to Beaufort sea.

-visual surveillance only becoming night time capable Fall 07.

Transport Transports
Canada Canada
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NASP Resources / Area of Coverage

i

TC Dash 8 — Vancouver,

Pollution surveillance in Pacific region with MSS600 sensors
-on stream 2008
-day & night capabilities

TC Twin Otter — Vancouver, British Columbia

Pollution surveillance in Pacific Region but very limited
range

- 550 hours per year — visual surveillance only

Provincial Airlines King Air 200 - Contracted to DFO

Pollution surveillance in Newfoundland
- 400 hours per year — remote sensing equipment

Transport Transports
Canada Canada

Oil and Ice Workshop

Weir
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Aircraft Products
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False Positives

Vancouver Island
it b

s R
- é‘_

TR

T
Event ]
Lnnt’mn-__-""' +

Slick-featt_Jr_e

Post analysis pointed to Algae

An over flight, by a Transport blooms. It is speculated that the

Canada aircraft did not indicate slick-feature detected in the

the presence of oil as a potential RADARSAT-1 image was due to

cause of the slick-feature. the ship’s propellers bringing
ScanSAR Narrow SAR image plankton-rich water to the ocean
acquired June 18, 2006 surface.

300 km x 300 km, 50 m resolution

ASAR Conference, Vancouver, B.C., September 11 — 13, 2007
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False Positives

Algae blooms
Ship wakes
Wind shadows
Grease ice
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Results-Fiscal Yr

Year to Date Events by Region /
Evénements par région - cumulatif de I'année

Oil and Ice Workshop

Weir

Arctic 2 spills were detected by NASP aircraft
«493 images analysed April-Oct
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Location of Anomalies - East Coast
(Al anomalies since April 1, 2007)

Legend
Anomalies - Eaxi Coast

Category

£ Filometars

i .






. Canadian Marine & Ice Service % Oil and Ice Workshop

Weir

Location of Anomalies - West Coast
All anomalies since April 1 2007

Legend

Anomalies - West Coast
Category
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L

&

o

440 Rt ErE
|






. Canadian Marine & Ice Service % Oil and Ice Workshop

Location of Anomalies - Great Lakes
All anomalies since April 1, 2007

Legend

Anomalies - Great Lakes
Category

Bd] Filomelers
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Summary

ISTOP’s integration of SAR satellite technology into ol
pollution monitoring allows us to identify the extent of
the prOblem' day & night and extended aerial coverage.

Serves as a deterrence factor -reduce the illegal
release of oily water

Help mitigate the effects of the spill by vectoring clean
up and enforcement personnel to the site NRT.
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The Canadian Marine & Ice Service

Operational Sea Ice Services
What's New

N\ North American Ice Service
- Canada, USA and the International Ice Patrol

Environment Environnement
Canada Canada
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North American Ice Service (NAIS) Weir
A Canada - US Initiative

Vision: create a harmonized suite of products
and services for /cgmf@/f}ﬂéféoﬁ to meet
government 11 g@ S-Tougsarel ¢ ﬁawgat/on

RESULTS:
increase overéél
streamﬁ

lopment;science and f
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NAIS Canadian Component

» Mandate/Mission

Warn maritime users of hazardous ice conditions in Canadian
waters

Maintain a general historic knowledge of ice conditions and ice
climatology

 Provides ice information
in support of:

50 years of ice reconnaissance service
~30 years of ice forecasting

Ship routing

Icebreaking operations

Climate monitoring

Weather forecasting, & modeling
International Polar Year
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Access to our Products

Weir

Regular Products:

Daily Ice Hazard Bulletins and
warnings

Daily Image analyses and
daily/weekly composite charts

Model ice drift and
concentration

Seasonal outlooks and 30-day
forecasts

Ice Atlases (climatic and
annual)




http://ice-glaces.ec.gc.ca/
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NEW**

Manadian lra Qarvira _ lra Cranh Vareinn 1 N

On-line access to the CIS
archive- a large database of
freely-available sea ice charts

An extended digital sea ice
database 1957-2009

Access to the Radarsat1 imaq
archive

Radarsat-1 Image Mosaics:
bi-weekly Mosaics

Ice Graph Tool- time series
analysis of ice conditions

New Chart extents / projectiol i

RADARSAT & Quickscat
animations ;

Climatic Ice Atlases 1971-20( &8

Expanded Annual Arctic Ice
Atlas

B = m oom owm m o o®m = o m O ®m e m m m = ® = ®m @ om
...................
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Final Words

Visit us on line at

Canadian Ice Service Web Page-'iip.//ice-glaces. cc.gc.ca
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