MV Keewatin                                                                                                                                                                                                   SOPEP


APPENDIX D - OIL SPILL RESPONSE

D.1
Tactical Priorities

Response priorities on the MV Keewatin are based on the following:

1. Preservation of Life

2. Protection of Property

3. Cleanup of Environment

The Master will assess each situation individually, report to authorities and initiate actions to avoid a spill, reduce its size and/or clean up if it is safe and possible to do so.  Spill response procedures include:
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Response to spills in confined waters is a priority action and will proceed as quickly as possible once measures have been taken to protect the crew and tugboat.

Monitoring
The position and movement of slicks will be recorded.  Slicks of diesel are expected to spread, break up and disperse in most conditions.  Lube and hydraulic oil will be more persistent.

Containment
An oil spill boom will be requested when the amount of oil spilled warrants it and when sea conditions are calm.  Its use will be avoided offshore, in rough seas, and in currents >1 knot (0.5 m/s).

Recovery
Skimming will be requested immediately, if the amount of oil spilled and conditions allow its removal.  A disc or drum skimmer will be specified.  The use of sorbent pads and booms will be minimized unless the spill is small and/or these are the only spill response materials available.

Dispersants
Chemical dispersants will not be used in confined waters.  Their use will only be considered in offshore waters, in areas of significant water flushing, and only with prior approval from government authorities.

Burning
In-situ burning of spilled oil is not a likely response option.

D.2
Role of Oil Spill Response Contractors

Where the requirements of a spill cleanup exceed the resources of NTCL, the company will obtain industry assistance through oil spill response contractors.  The Alaska Chadux Corp. will be called upon to assist NTCL for spills in both Canadian and US waters.  The Mackenzie Delta Spill Response Corp. (MDSRC) may also be utilized if support is needed. 
The Master of the vessel will remain in charge of the overall response and appoint an On-Scene Commander (OSC).  The OSC will be responsible for the deployment of required resources and for providing the Coast Guard with an acceptable plan of action.  The CCG is recognized as the Lead Agency for ship-source spills in Canadian waters north of 60°.  The US Coast Guard (USCG) is the Lead Agency when the vessel is in US waters.  The CCG will exercise its authority and take over the management of a spill response in Canada if an effective response operation cannot be, or is not mounted.  The USCG assumes a similar role in US waters.

The SOPEP has been compiled to be compatible with contractor plans and response structures.  The latter fits into an Incident Command Structure (ICS), Unified Command Structure (UCS) or similar response management system.  As such, contractors can provide the response resources required to contain, control and recover spilled oil from the vessel, if necessary.  It is also recognized that contractor staff will be able to assist with and advise regarding operations and technical issues and will participate in all planning and debriefing meetings as necessary.  Contractors can also be called on to interface with Territorial and/or Federal Authorities, as needed.

D.3
Role of Facility/Terminal Personnel
Facility/terminal personnel will be called upon to assist in a number of areas if a spill occurs from the MV Keewatin while in port:

· Shut down pumping of fuel during bunkering if required.

· Assisting with the alerting of regulatory authorities.

· Acquisition and application of cleanup materials.

· Securing the site to ensure that terminal employees and the public are not endangered, and so that there are no unauthorized entries.

· Facilitating site evacuation where warranted.

· Alerting and obtaining fire-fighting capability, if necessary.

· Dispatching of ambulance, first aid attendant or other assistance in the event of injury or death.

Terminal/facility personnel will also be able to assist directly in the storage and disposal of wastes, should this be necessary as a result of spill cleanup.  If incident investigation and follow-up actions are required, cooperation with the visiting port will be sought.

Appendix I – Fuelling Procedure will be reviewed with terminal personnel prior to the MV Keewatin taking on diesel fuel.

Notwithstanding this SOPEP, discussion with terminal personnel will be pursued in clarifying the possible roles and availability of:

· On-Scene Commander (OSC)

· Lead Agency

· Cleanup Contractors

· Port Police

· Other Agencies

It is recognized that an incident at a port might result in the appointment of the Terminal Manager, or in the case of no Terminal Manager, the Master as the OSC and Resources, Wildlife and Economic Development as the Lead Agency.  This SOPEP has been compiled to be used in conjunction with other plans and recognizes the authority of external agencies.

D.4
Behaviour of Oil on Water
The properties of diesel fuel, lube and hydraulic oil begin to change as soon as they are spilled into water due to:

1. Spreading
2. Transport
3. Weathering
4. Other Processes
These factors determine the safety of operations and the most applicable countermeasures.  Knowing what to expect when diesel, lube and hydraulic oil are released will prevent unnecessary injuries and facilitate response and cleanup.

Diesel usually mixes with water when spilled.  In nearshore waters, it can pick up small amounts of particulate.  Unless the oil is contained, thin, widely-distributed slicks form that are transported by wind and currents.  Diesel, lube and hydraulic oil can all concentrate at shorelines.  Their containment and removal are often possible soon after release into water if booms are used to halt their spread.
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1 Spreading
Spilled oil begins to spread immediately.  Diesel spreads quickly depending on the volume spilled, wind, waves and currents.  Lube and hydraulic oil spread more slowly.  Generally, oil spilled on water forms thick and thin slicks that are not distributed evenly.

· Large volumes of oil usually spread more quickly.

· Lube and hydraulic oil will spread more slowly in cold water.

· Wind, waves and current mix and transport oil.  Waves can cause the formation of water-in-oil emulsions making recovery difficult.

2 Transport

Slicks drift in the same direction as surface currents and at approximately 3-4 % of the wind velocity.  The effects of wind and water are additive.  A key source of help during spill response is local knowledge.  Phone harbour authorities, Coast Guard if necessary.

3 Weathering

Diesel spills evaporate, lose light ends, and emulsify.  Lube and hydraulic oil may emulsify.  The rate of weathering will depend on site conditions.

Evaporation
Large surface area, warm temperatures and high winds increase the rate of evaporation.  Light components in diesel volatize rapidly.  Lube and hydraulic oil basically remain the same – no evaporation occurs.
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Emulsification (Mixing)
Waves and turbulence mix oil into the water column to form oil-in-water emulsions.  In contrast, water-in-oil emulsions can also be formed which can be relatively stable.

Dissolution
Diesel and lube oil are generally insoluble but contain small amounts of compounds that dissolve in water.
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Oxidation

Oil combines with oxygen at a slow rate.  Photo-oxidation is caused by a combination of ultra-violet radiation, oxygen and hydrocarbons but only accounts for 1% of weathering.

Biodegradation
Bacteria, fungi and yeasts oxidize oil by using it as a food source.  They are more common in areas of chronic pollution.  Biodegradation depends on temperature, dissolved oxygen and nutrients and is fastest at 20° to 30°C.

4 Other Processes

Sedimentation
Spilled oil usually accumulates in the intertidal zone toward the high tide mark.  It can also adhere to suspended sediment and eventually sink.

Interaction with Debris
Debris makes recovery difficult.  Sharp objects can damage booms and debris can restrict the flow of oil into skimmers.  Oil that coats debris is also difficult to pick up.

D.5
Spill Cleanup Methods

Containment

Various types of booms can be used in harbour, coastal, offshore and river environments.  They present a barrier at the water surface to halt the spread of slicks and concentrate oil to allow removal or deflection.  Booms perform well in calm, low current waters.  In rough, windy, or high current conditions, their performance reduces.
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  Figure D.1 - Oil Spill Containment Boom

Generally, booms are the first mechanical devices brought to the spill site to contain or deflect spill product for removal by skimmers and/or to protect sensitive shorelines.  Sea conditions can be divided into three categories when considering boom deployment.  The MV Keewatin will likely only use boom in calm and protected water.

Sea Conditions

Description
Wave Height
Wind Speed

Calm Water
<0.3 m
<5 knots

Protected Water
<1 m
<15 knots

Open Water
>1m
>15 knots

Anchoring the Boom
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The size and number of anchors required to moor a boom depend on the forces acting on it, i.e., current and wind as well as the bottom type.  Mooring line must also be considered.  Too short a line can dislodge the mooring, while too long a line makes control of the boom difficult.

To increase the holding power of the anchor, a weight can be attached between the anchor and line.  Usually, a length of chain is connected directly to the anchor.  An additional weight on the mooring line prevents the line from floating on the surface when slack.  The use of a buoy, connected between the anchor and the boom at each anchor point, helps to 
            Figure D.2 - Anchoring Boom
prevent submersion of the boom.  

A typical mooring arrangement is shown in Figure D.2.  Note: Positioning the anchors prevents a boom from shifting due to changes in currents or the tidal cycle, and thereby snagging or wearing on rocks.

Mechanical Recovery

Once oil slick has been contained, it is best to mechanically remove oil from the water surface using a skimmer.   The MV Keewatin carries diesel, lube and hydraulic oil that can be recovered using drum skimmers.  Most skimmers collect only oily liquids, although some belt and other conveying-type can pick up debris.  The Keewatin carries a Manta Ray suction skimmer that operates as follows:


· Applied only to light oils contained and concentrated by a boom in calm, debris free water.  

· Removes oil from water surface.

· Liquid storage must be planned.

· Connects to air pump kept on board.

· Can also be hooked up to vacuum truck.

· Recovered oil can be pumped to storage (or directly by vacuum truck).

Figure D.3 – Manta Ray Skimmer 

Advantages

· simple to operate

· shallow draft allows use near shoreline

· high mobility allows placement in small, confined areas

· good recovery efficiency in thick layers of oil

· usually used in stationary mode

· vacuum trucks are effective in recovering viscous oils

Disadvantages

· recovery efficiency limited in waves or rough conditions

· susceptible to clogging by debris

· high levels of water recovered

Important Factors When Selecting Skimmers


· Choose skimming units and systems that can be safely deployed at the spill site; do not under-estimate waves and currents.

· Tidal currents require preplanning skimming operations so that oil is concentrated, collected and transferred according to tidal cycles.  Night-time operations may be required.  Peak currents might not permit skimming.

· Wind and current can combine to move oil slicks.  At a wind speed of 10 m/s (37 km/h), a current of about 0.4 m/s results which can cause significant oil losses from a boom held perpendicular to the moving oil and prevent effective skimming.

· Skimming in creeks and rivers requires knowledge of local flow conditions and access so that oil removal operations can be set up.  Heavy rains can increase flow, cause turbulence and emulsify oil and/or prevents access from boat or land.  Generally try oil collection in backwater areas.

· Oil collection in estuaries and wetlands should generally be planned for high water to minimize impacts on vegetation.

· Breaking waves 1-2 m or more generally minimize the effectiveness of skimmers.



Sorbents
Sorbents are usually best on smaller, contained spills on water and on land but generally recover small amounts of product.

Synthetic sorbent materials generally offer superior oil recovery efficiency compared to inorganic or natural organic materials.  For petroleum products such as diesel, synthetic sorbent pads will absorb about 10-15 times their weight which is about 1 litre per pad.  Inorganic or natural organic materials will absorb only about 1 to 2 times their weight.

Sorbent Characteristics



· strong attraction to oil ("oleophilic")

· weak attraction to water ("hydrophobic")

· high sorption capacity (up to 25 times their weight in oil)

· ability to retain products, even during recovery and handling

· reusability (onboard wringer available with storage – Not Recommended)

· high buoyancy (even when saturated with recovered products)

· safely disposable
· retrieval ease (loose sorbents can be difficult to recover in water)

· fire resistant (to minimize risk of oily sorbent combustion)

· mildew and rot resistant
· low cost for low performance (non-synthetic sorbents)

· high cost for high performance synthetic sorbents


Application of Sorbents
Sorbents are available in various formats as illustrated:
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Pads
Sheets of sorbent material strong enough to be handled when saturated.  Different   brands perform similarly.

Booms
Sorbent material enclosed in a cylinder which is handled like a boom.  Normally supplied with fireman's hooks (carabineers) fitted at each end to link lengths together. 

Sweeps
Long sheets of sorbent material reinforced with rope and stitching used to recover thin slicks.  These generally are not as useful as sorbent booms.

Pillows
Sorbent material enclosed in a short, stuffed sack for use in confined areas.

Other
Other sorbent forms include socks, barriers, particulates, and rolls, each offering special application potential.  








Figure D.4 – Sorbent Formats

Generally, particulate sorbents are effective on land but have much lower capacity than pads.
Filter Fence
There may be situations when response

techniques will have to be improvised to recover spills.  A filter fence is a sometimes used to remove oil using commercial and/or non-commercial sorbent materials.

Wire mesh or netting, anchored by stakes at the stream banks, as a back-stop for sorbent, can limit the spread of oil and oily debris.  Wider watercourses may also require stakes driven directly into the stream bed behind the mesh to hold it in place.









       Figure D.5 – Filter Fence
Application of Pumps 
Pumps are used to recover pools of oil and to transfer wastes from storage to disposal facilities.  They should be chosen to meet the specific needs of an operation.  Suppliers and equipment operators can also provide advice on the following aspects of pumps and hoses:

Hoses and Connections
Camlock (quick-connect) fittings are best.  Extra connectors and adaptors are kept on board so that other equipment can be used during a spill.  Hoses should be abrasion- and oil/chemical-resistant, properly sized, non-collapsing and float, if used with skimmers.

Preplanning all connectors and hoses can save substantial time.  



Selection Criteria
Pumps should be selected based on the following criteria:

Viscosity
Low viscosity liquids -- use most pump types.  Viscous liquids -- try peristaltic or diaphragm pumps.

Debris
Use vacuum trucks, centrifugal trash, diaphragm pumps.

Portability
Choose small, easy-to-operate, lightweight pumps.

Priming
Self-priming pumps are best.

Head
Pumps should provide adequate suction and delivery action.

Emulsification
Expect oil/water mixing upon transfer with centrifugal pumps.

Ease of Repair
Pumps should be serviced on-site with standard tools.

Handling
Plan fuel needs, pump placement, hoses, connectors.

NTCL keeps centrifugal pumps on all its vessels that can be used for spill response duty.    A summary of their performance is outlined on the following page.

Note:  For cold weather (below freezing) service, pumps should be drained after use.

Centrifugal Pumps
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Manufacturers


· Homelite


· Honda


· Monarch

Operating Principle
· central impeller drives incoming fluid through discharge port

Application
· moving light fluids at high rates for short distances

· unloading drums of chemicals, fuels, etc

Advantages
· small, lightweight, easy to handle

· high output capacity with low viscosity fluids

· inexpensive

· tolerant of most debris and suspended solids

· mechanically simple and easy to repair in the field

· can be run dry for extended periods without damage

Disadvantages
· output decreases with increasing back pressure or increasing fluid viscosity

· many models are not self-priming

· can emulsify oil-in-water mixtures

· stringy debris impedes performance



D.6
Shoreline Cleanup
In the event of a spill that could reach shoreline areas:

· Consult the site spill contingency plan to determine the proper spill response procedure and identify environmental resources in the area.

· Stay out of sensitive shoreline areas such as wetlands, intertidal vegetation and marshes.  

· Use shoreline protection boom deployment techniques as outlined in Section 5 to prevent spills from affecting sensitive shoreline.

· Consult DFO for advice on any shoreline cleanup activity.

It is unlikely that diesel or gasoline will accumulate in recoverable quantities in shoreline areas characterized by gravel, cobble or rock.  However, if the shoreline becomes contaminated:

· Boom and concentrate spills if feasible.

· Use a skimmer to recover spilled product if quantities warrant.

· Oil sorbent boom can be applied to protect adjacent marsh or wetland in calm, quiet water areas.

· Low pressure water flushing of oil into booms on rocky shorelines may be attempted.

Sometimes shoreline cleanup activities may increase the overall environmental impact of a spill.  Often natural processes provide the best restoration of an oiled shoreline and if waves are breaking onshore, effective shoreline cleanup is unlikely.

If shoreline cleanup activities are necessary, take precautions to ensure that the impact of the cleanup is not greater than the overall impact of the spill:

· Heavy machinery and personnel should not be assigned to cleanup sensitive areas such as salt marshes unless instructed to do so by regulatory authorities.

· High pressure flushing and/or steam cleaning may damage or remove marine life and is not recommended.

· One exit and entry point to the beach cleanup area should be established to minimize disturbance to habitat and vegetation.

Shoreline Cleanup Techniques

Earth Moving Equipment
Motor grader in conjunction with elevating scraper
The motor grader forms windrows for pickup by elevating scraper.  Used primarily on sand and gravel beaches or mudflats where oil penetration has not exceeded 3 cm.
Terrain must be compatible with heavy equipment access and operation.  Use of the motor grader restricts this technique to relatively flat, uniform terrain.
Removes shallow burrowing organisms.  Re colonization likely to follow replenishment of natural substrate.


Elevating scraper
Contaminated material is picked up directly by the elevating scraper.  Used on sand and gravel beaches and mudflats where oil penetration has not exceeded 3 cm.
Terrain must be compatible with heavy equipment access and operation.
Removes shallow and deeper burrowing organisms.  Stabilization of substrate likely slow.  Re colonization likely to follow replenishment of natural substrate.


Motor grader / front-end loader
Motor grader forms windrows for pickup by front-end loader.  Used on gravel and sand beaches and mudflats where oil penetration has not exceeded 3 cm.
Terrain must be compatible with heavy equipment access and operation.  Use of the motor grader restricts this technique to relatively flat, uniform terrain.
Removes shallow burrowing organisms.  Re colonization likely to follow replenishment of natural substrate.


Tired or tracked front-end loader
Front-end loader picks up oily material directly.  Used on cobble, gravel, or sand beaches and mudflats with moderate contamination, and extensively contaminated vegetated sites.  Tired front-end loaders are preferred as they offer less impact and faster operation than tracked units.
Terrain must be compatible with heavy equipment access and operation.
Removes shallow and deeper burrowing organisms.  Stabilization of substrate likely slow.  Re colonization likely to follow replenishment of natural substrate.


Bulldozer / tired front-end loader
Bulldozer piles contaminated material for pickup by front-end loader.  Used on extensively contaminated cobble, gravel, and coarse sand beaches, and vegetated sites.
Terrain must be compatible with heavy equipment access and operation.
Removes shallow and deeper burrowing organisms.  Re-establishment of native fauna may be difficult.  Invader faunal community may develop until recovery of prior community.

Earth Moving Equipment

(continued)
Backhoe
Backhoe picks up oily material directly.  Used in areas with steep shoreline or where other equipment cannot access shore.  The backhoe operates from the top of the bank.
Bank substrate must be stable and accessible to heavy equipment.
Removes shallow and deeper burrowing organisms.  Re-establishment of native fauna may be difficult.  Invader faunal community may develop until recovery of prior community.


Dragline or clamshell
The dragline operates from the top of the contaminated area and removes material directly.  Used on cobble, sand, or gravel beaches that are inaccessible or incompatible with heavy equipment operation.
Area must be accessible to heavy equipment.  Dragline must be sufficient to cover contaminated area.  (equipment may not be available in Yemen).
Removes shallow and deeper burrowing organisms.  Re-establishment of native fauna may be difficult.  Invader faunal community may develop until recovery of prior community.

High Pressure Flushing (hydroblasting)
Oil is removed from the substrate by high pressure water streams and channeled to a recovery area.  
Used in areas comprised of large rocks, boulders, and man made structures such as cement berms and bridges.
Light vehicle or skiff access with recovery equipment.
Removes most organisms.  Potential to move contamination into previously clean lower intertidal areas.

Steam Cleaning
Oil is removed from the substrate by steam and channeled to a recovery area.  
Used in areas comprised of large rocks and boulders, and man made structures.
Light vehicle or skiff access with recovery equipment and a fresh water supply.
Removes some organisms.  Thermal effects may cause mortality.

Sand Blasting
Oil is removed from substrate by high velocity sand streams.  
Used primarily for light accumulations on man made structures.
Light vehicle or skiff access with a supply of clean sand.  Oil must be semi-solid.
Surface organisms are removed.  Non-recovered oil may be toxic to downslope organisms.

Manual Scraping
Hand tools are used to remove oil from contaminated substrate.
Used for lightly contaminated boulders and rocks or heavier accumulations on man made structures where other techniques are not available.
Scraping tools and containers for oil.
Workers walking in area may crush organisms.  Organisms may be removed with contaminated material.

Sump and Pump/Vacuum
Sump collects oil as it moves along the shoreline.  A pump or vacuum system removes the oil from the sump.  
Used on firm beaches of sand or mud where the oil continues to accumulate, or in still water environments (ie; harbours).  Longshore currents must be present on beaches.  This technique can also be used on rivers and streams with diversion booming.
Terrain must be accessible to heavy equipment.
Vacuuming may remove organisms.

Manual Removal 
Shovels, rakes, etc. are used to directly remove contaminated materials.  
Used in areas of light or discontinuous contamination where substrate may be worked by hand.
Foot, light vehicle, or skiff access.
Workers walking in area may crush organisms.  Organisms may be removed with contaminated material.

Low Pressure Flushing
Oil is flushed from substrate using a low pressure water spray and channeled to a recovery area.  
Used on most shoreline terrains with light oil contamination.
Light vehicle or skiff access with recovery equipment.
Some organisms may be removed.  May potentially move oil into previously clean intertidal areas.  Thermal effects may be damaging if temperature of flush differs greatly from ambient.

Beach Cleaner
Self propelled or tractor pulled units pickup hardened oil patties or tar balls.
Used on sand and gravel beaches with sporadic contamination of oil patties and tar balls, or on more continuous oil if equipped with scrapers and sieve screens
Area must be accessible to moderate or heavy equipment.  The use of a beach cleaner is restricted to relatively flat, uniform terrain.


Sorbent Application
Sorbents are applied to pools of light oil or to oil sheens on water.  
Used on boulders, mud, and man made structures when small pools of oil exist.
Foot, light vehicle or skiff access.  Sorbent disposal containers.
No significant effect.

Vegetation Cutting
Vegetation is cut by hand and collected for disposal.
Used in areas with oil contaminated vegetation.  
Foot, light vehicle, or skiff access.  Cutting equipment.
Workers walking in area may crush organisms or damage roots of fragile plants.

Burning
Oil contaminated area is ignited and allowed to burn.  Caution should be used to ensure that only the upwind portion of the area is ignited, and that any applicable air pollution legislation is complied with.  
Used in any area where sufficient quantities of oil exist to sustain ignition.
Light vehicle or skiff access.  Fire suppression equipment.
Organism mortality in burn area.  Temporary adverse affect on local air quality.  Potential damage from oil soot fallout.

Vacuum Trucks
Vacuum trucks are used to pickup oil directly from contaminated area.
Used in areas where larger oil pools have formed.  Vacuum trucks may also be used to skim surface oil from water.
Terrain must be compatible with heavy equipment access and operation.


Transfer to Surf Zone
Substrate contaminated with oil is pushed into surf to provide a natural water flush.  
Used on moderately contaminated cobble or gravel beaches where sediment removal may cause excess erosion.
Area must be accessible to heavy equipment.  High wave energy.
Oil may remobilize and contaminate surrounding areas.  Organisms living in both the relocated material and the relocation area are adversely affected.

Oil “Pavement” Breakup
Hard oil pavement is broken using a tractor and ripper implement.  
Used in areas where heavy accumulations of oil have created a hard surface pavement.  Used on sand, gravel, or cobble beaches where sediment removal may cause excess erosion.
Area must be compatible with heavy equipment access and operation.  Use of tractor pulled implements requires a relatively flat, uniform surface.  High wave energy
May move oil contamination deeper into sediment profile.  Disturbs shallow burrowing organisms.

Discing
A tractor is used to pull discing implements along the contaminated shoreline to disperse and aerate oil.
Used on lightly contaminated sand or gravel beaches. 
Area must be compatible with heavy equipment access and operation.  Use of tractor pulled implements requires a relatively flat, uniform surface.  High wave energy.
May move oil contamination deeper into sediment profile.  Disturbs shallow burrowing organisms.

Natural Recovery
No action taken.  Natural recovery through bioremediation and wave action cleansing.
Used in areas where wave action will quickly remove and degrade oil contamination naturally.  This technique may be enhanced through the use of fertilizers.
High wave energy shorelines.
Potential physical and toxic effects from remaining oil.  Re colonization may be delayed by persistent oil contamination.

Chemical Treatment
Chemicals  (cleansers) are added to contaminated area to aid in dispersing oil prior to flushing.
Used in areas of coarse sediments contaminated with semi-solid oil.
Accessible to the safe transport of bulk chemicals.
Some agents may be mildly toxic to biota.  May impact clean lower-intertidal areas.

D.8
Spill Response in Ice and Snow
D.8.1
Overall Strategies

Oil can remain relatively fresh, i.e., in an unweathered state, under snow and ice for up to several months after a spill.  Evaporation rates will still be very high when the oil is exposed to atmosphere except in very low temperatures approaching its freezing point (-20 to -54oC).  Oil can also move up and down small hills (several metres high) due to the capillary action of the snow.

Containment
Snow and ice can be used to create berms to keep spills from spreading.  

Snow Berm
In winter conditions, snow may provide a quick and efficient berm construction material.  The snow should be well packed and water should be sprayed to form an ice layer on the top and sides of the berm to make it impermeable to oil.




Figure D.6 – Snow Berm

Slotting

In frozen rivers, angled slots about 1 m wide can be cut in the ice, where safety permits, to allow possible spill recovery.  The oil will rise up into the slots where it will move toward the shore, concentrate, and be available for recovery using skimmers or pumps.

D.8.2
Shoreline Treatment for Shorelines with Snow


The behaviour and spreading of oil on a snow-covered shore depend on:


(1)   type of snow (fresh or compacted, smooth or rough)



(2)   air temperature (the snow may be melting or dry)


(3)   surface character of the shore (steep or flat)


(4)   the type of oil (heavy or light)

Oil on Snow
· A spill on a snow-covered shore can spread or flow to the shore from a back-shore location, with oil washing ashore during cold temperatures.

· Oil stranded on a snow-covered shore likely would be partially contained by the snow.  Snow is a good, natural oil sorbent. The oil content may be very low (<1%) for low-viscosity oils, e.g., diesel, or if the oil has spread over a wide area.  Oil content is higher for lube and hydraulic oils.

· Oil content is lowest on firm compacted snow surfaces in below-freezing temperatures and higher for fresh snow conditions.

· Dark, heavy oils can cause snow to melt but spread less than gasoline, which moves more quickly in snow and over a larger area.  Light oils can spread upslope in snow through capillary action.

· Fresh snow that blows over oil tends to stick and migrate down into the oil, causing an increase in the volume of materials to be recovered.

· Snow falling onto oil tends to accumulate on the oil surface.

Practical Response Options
· Natural cleaning usually is preferred for light oils that would evaporate during thaw periods.

· Manual removal (shovels and rakes) is appropriate for small amounts of surface or subsurface oil, but practicality decreases as the amount of oiled area and the volume of oiled snow increases.

· Pooled low- and medium-viscosity oil on the surface of a snow-covered area, or oil that has been collected in trenches or by containment berms, can be recovered by vacuums.

· On flat surfaces, or where a mechanical arm can reach the oiled area, oil/snow can be scraped for removal and disposal.  Include melting to separate the oil and snow, or burning.

· Surface light-to-medium viscosity oil can be removed by sorbents.  Effectiveness decreases as the oiled area or volume of oiled snow increases, and in temperatures below the pour point of the oil.

· Pooled oil on snow or oil that has been contained by berms, can be removed by burning. 

Typical Combinations of Response Methods
· Manual removal methods can be used such as hand tools, vacuums, and sorbents.

· Mechanical scraping or removal is possible, followed by manual removal of any oily residues.

What to Avoid
· Avoid collecting large volumes of oiled snow for disposal.  The containers and fuel needed to melt the snow to separate oil and water, and then to burn the oil, might not be available in remote areas.

· Snow can be slippery on sloping surfaces, particularly if there is ice below the snow.  Care should be taken to avoid falls and slips.

On steep snow-covered slopes, a response may be limited to washing from a boat or barge.

Treatment methods, by oil type, appropriate for snow-covered shores
Treatment Method



  recommended 



 only for small amounts of surface oil


light oil
medium oil
heavy oil


[image: image4.wmf]
[image: image5.wmf]
[image: image6.wmf]

natural recovery








manual removal










vacuums








mechanical removal










sorbents










in-situ burning








D.8.3
Shoreline Treatment for Ice-covered Shores

Ice is relatively impermeable but oil may become encapsulated within it as the water freezes and thaws.  Ice may form seasonally on any of the permeable and impermeable shoreline types on the outer coast and in the lagoons.  Ice may form and melt during freeze-up, but once temperatures remain continuously below zero the shore ice cover that forms will persist until the following spring thaw.

Seasonal ice can assume a number of forms at the shore:

· Freezing waves and spray can build a shore-fast ice cover in the intertidal zone (the ice foot).

· Ice floes can become stranded in the intertidal zone and become incorporated into the shore-fast ice or may be remobilized by wave action.

· Groundwater in the beach can freeze.

Oil on Ice or Ice-Covered Shorelines
In most instances, the presence of ice in the shore zone or on the adjacent nearshore water prevents oil on the surface of the water from making contact with the shoreline substrate.

· Where oil is washed onto exposed ice surfaces, it is unlikely to adhere except in cold temperatures when the air, water and oil surface temperatures are below 0oC.

· During freeze-up, oil present on the shore or stranded on the shore-zone ice during a period of freezing temperatures can become covered and encapsulated within the ice.

· During a thaw cycle, or if the surface of the ice is melting and wet, oil is unlikely to adhere to the ice surface and would remain on the water surface or in shore leads.  Oil may be splashed over the ice edge or be stranded above the limit of normal wave action.  This oil can then be incorporated into the shore-fast ice if temperatures fall again below freezing.

· In broken ice, without a shore-fast ice cover, oil may reach the shore and be stranded on the substrate in between the ice floes.

· Continuous shore-fast ice (an ice foot) can protect the shore zone, but if the ice foot has extended beyond the shore zone to include a floating ice layer, oil can migrate through ice cracks and accumulate under the ice.

· Ice in beach sediments (frozen groundwater) can prevent the penetration of stranded oil.

Practical Response Options
· Natural recovery is the preferred option on exposed coasts.  This method is less appropriate for heavy or weathered oils on a sheltered coast where the oil is likely to persist longer.  Natural recovery may not be appropriate immediately prior to freeze-up, as the oil would be covered and incorporated into the ice and potentially remobilized during the next thaw.

· Physical washing can be practical and efficient, but shore-fast ice edges often are steep so that washing from a boat or barge is preferred if water depths allow.  Oil should be contained and collected by booms and sorbents (or skimmers).

· Washing (flushing and collection) may be useful if water does not freeze and encapsulate the oil.

· Flooding is appropriate on sloping ice surfaces for light oils, such as diesel, but is of little practical value for heavy or semi-solid oils.

· Sorbents (passive use or sorbent-surface skimmers), vacuums, or burning all have potential application.  Where access permits, vertical rope-mop skimmers may be able to sweep ice surfaces or collect oil from cracks, crevices, and leads.  These devices could be deployed by crane from the backshore, a barge, or even an on-ice location.

· Oil/snow mixtures are relatively easy to remove manually, or possibly mechanically, if accessible.

Typical Combinations of Response Methods
· On wet ice, low-pressure washing can be tried, with collection and recovery of oil that is easily mobilized, followed by manual removal of residue using hand tools, vacuums, or sorbents.

· Mechanical scraping or removal is sometimes possible, followed by manual removal of any residues or spillage.

What to Avoid
There are many operational obstacles associated with ice, the most important of which is worker safety.

· Wet ice is very slippery and caution must be exercised if personnel will be working where there are leads, thin ice, or mobile ice.  In addition, people and machines generally are less efficient and reliable in cold, snow, or ice conditions.

· On steep or shelving ice, care should be taken to avoid falls and slips, particularly on open coasts where there is strong wave action.

Treatment methods, by oil type, for ice or ice-covered shorelines

Treatment Method
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D.8.4
Shoreline Treatment during Freeze-up and Breakup
Freeze-up 
During freeze-up, shore-fast ice (an ice foot) can develop that protects the shore.

· Oil on shore, on or in snow, or on existing ice, can become frozen into the ice foot during early freeze-up and remain there until the next thaw period.

· If the oil cannot be recovered immediately, and poses no threat to human health and safety or to wildlife, the location can be marked and the oil can be removed either during the frozen months or when the ice begins to melt during the next thaw period.

· Selecting treatment methods appropriate for initial response is based on shore type, the amount and type of oil, and on the snow and ice conditions.  If ice is present, flooding or low-pressure washing can be used to move the oil to a containment and recovery area, provided that the water does not freeze.

· Alternatively, manual removal may be appropriate for the physical removal of small amounts of oil and vacuums or burning may be appropriate for the removal of pooled oil.

Breakup 
· During the spring thaw or breakup, oil likely will be washed out of melting ice and redistributed unless contained or recovered.

· Flooding or low-pressure washing can be used to move oil to a containment and recovery area provided that the water does not freeze.

· Alternatively, manual removal may be appropriate for the recovery of small amounts of oil, and vacuum units or burning may be appropriate for the removal of pooled oil. 

Shoreline Treatment in Frozen Conditions
· Oil on the ice surface or trapped within or beneath shore-fast ice (the ice foot) can be removed using the containment and recovery techniques described above.

· Initial response techniques include manual removal, vacuum units, mechanical removal, or burning. Key considerations in selecting appropriate tools are the amount and type of oil, and the character of the ice surface.

· A zone of ice cracks at the landward margin of the ice foot is an important operational and safety factor in areas with a tidal range greater than 1 m, since the ice in this hinge zone will move up and down with the tide. This is also a factor in areas at times when there are nearshore storm surges that change water levels at the coast.

D.9
Response to Spills in Rivers
Responding to spills that escape source control in rivers usually requires river bank cleanup.  However, various considerations will affect the removal of free-floating oil:

· Conditions must be safe if a response is to be attempted.  Monitors must be used to safeguard the health and safety of response personnel.  An explosive, toxic atmosphere can develop in spills of volatile oils, e.g., Jet B and gasoline.

· When required, specialists should determine whether ice will safely support the weight of equipment and personnel.

· [image: image10.wmf]
Attempts to control moving oil should be considered only on slicks several millimetres or more thick using booms and skimmers as described earlier.  Observers in spotter aircraft may be of assistance to position equipment on spills in large rivers.  

Note: Slicks thinner than 1 mm will likely dissipate, and usually cannot be efficiently removed in rivers using skimming or burning and boom systems. 

· [image: image11.wmf]
Medium viscosity and heavy oils, as well as diesel, persist for a considerable time in colder weather, making the necessity of river bank protection/treatment likely.

· [image: image12.wmf]
Generally, burning is not feasible in ice-free conditions more than 2 - 5 days following a spill because of oil weathering and emulsification.  Interception, containment, recovery and burning can be attempted on unweathered oils but, typically, are not feasible in currents exceeding 1 m/s and in breaking waves.

· [image: image13.wmf]
Spilled oil that becomes distributed in broken ice may be skimmed and burned if sufficiently thick (2 - 3 mm).  Removal of thin slicks (less than 1 mm), oil droplets, globules and particles mixed with broken ice using any response option is impractical, unless melting results in concentrated slicks.  Monitoring the spill may be the only practical response alternative.

Attend to personnel, safety and vessel needs.


Notify Coast Guard using Initial Report form.


Request immediate assistance, if required.


Request and deploy boom and skimmer – only if safe to do so.





Response crews should PREVENT SPILLS FROM REACHING WATER since their effects on marine life, especially fish, can be lethal.





RAPID EVAPORATION of Diesel CAN SOMETIMES RESULT in a FIRE HAZARD, particularly in confined areas.





The response crew should PROMPTLY NOTIFY ALL PARTIES LOCATED DOWNSTREAM of the discharge of oil into a watercourse
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