Sea Ice Notes

General Concepts

· Each year the continent approximately doubles in size due to the growth of sea ice.

· Sea ice is at its maximum in October and minimum in late February.

· About 10% of the sea ice floats above the sea level, this is called the freeboard. 

· The sea ice surface may be relatively flat but the underside is very uneven, creating variances in overall ice thickness.

Factors that affect the sea ice


Environmental

Geographical


Mechanical

1. Temperatures

1. Coastlines


1. Icebreakers


2. Solar 


2. Islands


2. Aircraft


3. Snow Cover


3. Points/Capes


3. Vehicles


4. Winds


4. Shallow Shoals 


5. Currents


5. Glaciers/Ice Shelf


6. Swells


6. Icebergs


7. Tides



7. Debris
· Environmental
· Temperatures – The colder the ambient air temperature, the more the ice grows. The colder the sea ice, the stronger the overall structure. Sea ice strength is determined by the thickness and internal temperature. The sea ice thickens from the top down, but melts from the bottom up, so just looking at the surface will not disclose its strengths!
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· Solar – The obvious affect is the direct melting of the sea ice surface due to the heat. We must also consider the affects of radiant heating to debris on the surface and the surrounding coastlines.
· Snow Cover – Early season snow cover insulates the ice from cold temperatures, thus slowing growth. Late season snow cover insulates the ice from solar heating which slows the melting process. Thick snow cover can also be heavy enough to push the ice below the sea level, subjecting it to the warmer ocean temperatures and therefore weakening it.
· Winds – The prevailing winds around Ross Island come from the east-by-southeast and the strong katabatic winds, or “Herbies” come off the cold polar plateau and across the ice shelf from the south. Compare these winds to the direction of the sea currents in McMurdo Sound.
· Currents – Surface currents in McMurdo Sound flow from the north to the south on the east side of the Sound and circle around to flow south to north on the west side. Near Ross Island the winds and currents work against each other, pushing objects frozen into the sea ice in opposite directions.
· Swells – Storms from the north can send surging masses of water onto the ice surface that slowly weakens and breaks apart the ice structure.
· Tides – Usual tide differences are about 1-2 feet with the maximum being about 3 feet. The sea ice floating on the water rises and falls twice a day with the tides, but the fast ice frozen to the geographical features stays put; this creates a hinging affect.
· Geographical
· Coastlines – This includes any piece of land at sea level that the sea ice can adhere to, called “Fast Ice” because it is held fast to the land. This geographic feature is mostly associated with tidal cracks, but it can also play a role in the shearing-type release of tension in straight edge and working cracks.

· Island & Points/Capes – Both of these features can also be associated with tidal cracks, but tend to work together with currents to cause some of the more annually prominent straight edge and working cracks. The currents flow by the geographic feature and swirl around it in the opposite direction, much like eddies caused by objects in a river.

· Shallow Shoals – The main affect to the sea ice caused by shallow, sub-surface areas is the forming of thin ice. Shoals, like the land extending underwater south from Ob Hill/Cape Armitage are typically the first areas to show open water due to the thin ice and the radiant heating at shore level of the coastline. This is the same process that forms moats along the edges of frozen lakes.

· Glaciers/Ice Shelf – Much like a coastline, these features can create tidal cracks by the adherence of the sea ice to them. They also create tension in the sea ice due to the fact that they are moving objects, continually pushing the sea ice in the direction they want to flow. This constant pressure subjects the sea ice to great forces; causing undulations, fractures and pressure ridges like those near Scott Base.

· Icebergs – An iceberg is similar to the sea ice in that about 10% of it rests above sea level and the remaining 90% is below. The winds on the surface hit the iceberg like a large sail, while the currents push on it from below. Like an island, icebergs can also cause the surface currents of the sea to circle or eddie around it, creating yet another direction of tension.

· Debris – This feature can either be brought onto the ice by vehicle traffic or blown on by the strong winds we have here. Once the debris is on the surface it can gather heat from the sun and begin melting holes in the sea ice. Large amounts of wind blown debris are a common weakness to the sea ice around the coastlines and island areas.

· Mechanical
· Icebreakers – A rather obvious affect to the sea ice due to the fact that they inherently break open-water channels into a previously steadfast structure. Swells from strong winds and storms can eat away at the channel edges, increasing the break-up speed of the surrounding ice. If the sea ice does not fully breakout to the ice shelf edge, this channel, once healed can be a weakness that carries over to the following year.
· Aircraft – The problems created by aircraft are generally localized to the ice runway and more specifically associated to the deflection of the ice surface. When a plane is parked for unloading it is monitored for ice deflection and measured in the amount of inches the ice sags due to its weight. The planes have an allowable deflection amount of 10% of the total thickness of the ice; if the ice is 120” thick there is an allowable deflection of 12”. The problems arise when the deflection pushes the freeboard below the sea level and allows unfrozen water to engulf the planes tires. You can see where this is leading!
· Vehicles – Not only do the vehicles tear up the surface of the sea ice, but they also bring foreign objects onto the ice surface. These objects attract solar heat and can melt their way through the ice.
Crack Types

· Cracks form in areas where sea ice is being affected by environmental, geographical and/or mechanical factors. Tension is created in the ice structure by the forces of these factors and cracks are the result of this tension release.

· Tidal

These cracks occur parallel to the adjacent land and are generally within 100 yards of the shoreline. Most of these cracks get filled in with drifting snow, but the active rise and fall twice a day will create visible breaks in the snow. Once uncovered, tidal cracks will often have exposed slushy snow in them. The main concern for us is our travel between the sea ice and the land. These cracks are often the suspect of twisted ankles and injured legs due to their disguised widths and depths.

· Pressure Ridges

Pressure ridges are formed by an initial break in the ice structure that is then subject to extreme pressures in opposing directions. The tension continues to build until the ice buckles under the pressure. Ridges are formed on the top surface as well as on the underside of the sea ice. These ridges can be as large as 15-20 feet. The structural integrity of the ice is affected at the points on each side where the ice begins to bow.

· Straight Edge

This crack is a rather simple and one-time release of tension in the ice surface. The crack edges are defined and the healing process forms a congruent, lowered shelf. These cracks can vary in width from a hairline fracture to many yards wide.

· Working/Active

Due to the fact that many of the features affecting sea ice are present in McMurdo Sound, the working, or active crack is very prevalent here. Unlike the straight edge crack, a working crack involves the continual release of tension over time. Once the crack has been cleared of snow cover, we find that the healing process has created a lowered and asymmetrical surface. We must also remember that the possibility of open water does exist; after all it is an Active Crack!

Sea Ice Travel Awareness

· Look for:
· Continuous, linear features

· Visual breaks in the ice or snow cover

· Sagging areas of snow, often a different color and/or texture

· Seals

· Seal signs, i.e. urine, fecal matter or blood on the surface

· Noticeable changes in ice color and/or texture 

· Profiling a Crack
· Determine the nearest edge of the crack by removing snow down to bare ice
· Carefully probe the crack for any open water or weak spots in the ice before proceeding to walk across the crack
· Shovel the snow out of the crack from edge to edge, about 1-2 shovel blade widths
· Drill depth holes a maximum of 15” apart in the following locations; outside the crack edges on each side, on each healed shelf and in any visible fractures
· Pay attention to the characteristics of the ice shavings; dry, moist or slushy
· Drill either to water level for a full crack profile or to a full flight length (>30”) for safe crossing in vehicles*  (See USAP Safe Ice Thickness Standards)
*Heavy equipment operators should consult their supervisor for safe ice thickness standards for each specific vehicle
USAP Safe Ice Thickness Standards (for vehicles other than heavy equipment)

· If the sea ice is less than 30” thick, the effective width of the crack can not exceed more than 1/3 of the vehicles track length or tire length that is in contact with the ice

· Sample Crack Profile
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*From this example, only the Piston Bully, Hägglands and Snow Machines    can safely cross the crack!
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