5.2  Orbital Pollution

There is an interesting problem associated with the space age in regards to the accumulation of space debris.  The risk of impact in low earth orbit from space debris is actually greater from man-made debris than it is from micrometeoroids.  The amount of debris encountered varies according to orbit altitude and to a lesser degree orbital inclination (or tilt in relation to the equator).  However, estimates of the total amount of debris in a given orbital region is not terribly accurate.  The Space Surveillance Network uses ground based radar to track 7500 objects.  The size that can be detected from ground radar are objects greater than 10 cm in diameter in low earth orbit (LEO) and roughly one meter in geosynchronous orbits. The estimates of the number of items in orbit larger than 1 cm is between 30,000 and 100,000.

Low earth orbits are orbits that are 1250 miles or less in altitude above the earth. Geosynchronous orbits are 22,000-miles in altitude.  Medium earth orbits are between the two.  Hypervelocity impacts are those at a relative speed greater than 3 km/sec.

The chance of impact due to space debris and micrometeoroids is directly proportional to the cross sectional area relate to the debris flux and amount of time exposed to the environment.  But because the estimates for a given altitude and inclination are estimates, the actual risks are somewhat nebulous.  However, the estimates give information that the spacecraft in a typical low earth orbit with cross sectional diameter of 10 square meters would impact with debris greater than 1 cm in diameter over a ten year lifetime is between one in a hundred and one in a thousand.  The estimate also predicts that there is a likelihood that this spacecraft will be struck with one item between 1 mm and 1 cm in diameter and between 100 and 1000 particles with diameter between 0.1 and 1mm.

When considering primarily the particle size in low earth orbit, and it approaches close to 0.1 mm, the number of micrometeoroids prevails over man made debris.  In other words, if you consider one item of space debris larger than .1 mm, it is more likely than not to be from a space launch, than from outside the earth.  Space debris of the size of one to ten cm are neither observable nor are they shieldable with available on orbit technology, because of the size and speed of these items.

The damage done by very small objects can be considerable.  In 1983 Challenger was struck on a window by a titanium oxide chip of paint estimated to have been .2 mm in size.  The damage imposed no immediate danger because the windows are triple paned, however the window was weakened below allowable safety limits and had to be replaced post flight.

Human crews in space require spacecraft of large cross-sectional area that raise the risk of impact from space debris or micrometeoroids.  Plus human crews operate in LEO where the flux of debris is very high and where the relative velocities are also very high.  Cosmonauts aboard Mir heard “pings” from man-made and natural debris, and in fact debris or micrometeoroids broke exterior light bulbs.  None of these impacts caused serious damage to the pressure vessel over the lifespan of Mir, however.

There are presently programs to reduce the impact of orbital debris during Shuttle operations.  For example, the typical flying attitude of the Shuttle is generally protective of the freon loop radiators that dissipate heat from the Shuttle avionics and the crew cabin.  But due to the necessity of docking to the Space Station for periods of time, these attitudes cannot be flown.  There is Orbiter modifications under way, which will reduce the risk of puncture and reduce the effect of a possible puncture of the Freon loops in a radiator.  The Space Station also has had increased shielding installed in order to protect it furthers against the possibility of hypervelocity impacts.

The risk of hypervelocity small objects is not large in a typical spacewalk or Extravehicular Activity (EVA).  First of all, the Shuttle or the International Space Station serves as a very effective screen for much of their activities.  Also the suit is developed with protective barriers in the fabric material and the hard metal torso, face shields are specially designed to shield from debris and micrometeoroids.   Most EVAs are of relatively short duration, almost all less than 6-7 hours.  This limits their exposure to the micrometeoroid/debris environment.

During an EVA, a hypervelocity impact with a micrometeoroid or piece of debris of the order of 0.1 mm or larger, would result in a catastrophic destruction of the suit and the astronaut inside.  If the object were smaller, it could puncture the suit and possibly cause injury to the astronaut.  The astronaut on an EVA has emergency procedures that would be implemented with a loss of pressure in the space suit.  In the 100% oxygen 4.3 PSI environment of the suit, a decrease of pressure would cause the primary oxygen system to attempt to maintain suit pressure above 4.1 PSI.  The secondary oxygen system can maintain pressure of 3.45 PSI in an emergency situation, for 30 minutes with a hole the diameter of approximately ¼ of an inch.  If suit pressure problems are encountered for whatever reason, emergency procedures are implemented for stowing of tools and translation back to the airlock.  Once the airlock, air from the vehicle or station can be used to quickly pressurize the airlock chamber.

