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Eighteen GEO satellites reached their end-of-life during 2005. Only ten of these satellites fulfilled the requirements from IADC. Three were reorbited right at the border of the protected zone around GEO (200 km), three were reorbited with an insufficient increase in the

altitude and two other satellites started librating around libration points (due to catastrophic failures). In this paper the orbits of 16 retired satellites are propagated 100 years into future in two cases (epoch: June 21st, 2006.):
U Based on the satellitesGTLE

U In Sun-pointing position

In the second case the sum of the right ascension of the ascending node and argument of perigee of the satellite is put equal to the right ascension of the Sun in this epoch, i.e. 81.86 degrees. Although, the epoch is different from the time of reorbiting, the important
point is that the eccentricity vector follows the Sun and therefore it does not matter at what time the simulation is started.

The propagator which is used in both cases is LEGO (Long term Evolution of Geostationary and near-geostationary Orbits) developed by Van Der Ha. The following figures present perigee and apogee evolution of the retired satellites in two different cases (in both
cases the area-to-mass ratios of the objects were set to 0.02 m2/kg):

U Based on the satellitesGTLE: It can be seen that 9 of the retired satellites stay out of the protected GEO region during the next 100 years. 7 satellites will enter this region many times during this period. The Indonesian satellites ,Palapa B4 and Palapa B-2R, and the
Korean Koreasat 1 have the minimum perigee around 30 km, 120 km, and 130 km, respectively.

U In Sun-pointing position: As it can be clearly seen from the figures, having the perigee toward the Sun decreases the changes in perigee and apogee. The amount of decrease is dependent on other parameters like eccentricity. While these changes are minor is some
case (e.g. Koreasat 1 and Telecom 2A), it decreases perigee changes to around 80 km for Galaxy V.

Conclusions:

The study of the long term evolution of retired GEO spacecrafts has demonstrated that satellites placed between 250 and 300 km above GEO without entering the protected 200 km protected region over a long period of time (as estimated for 100 years). It can clearly
be seen that an initially Sun-pointing eccentricity vector decreases the changes in perigee.

During 2005, satellite operators reorbited 16 retired objects, consuming all the remaining fuel. From these satellites 10 were sent to a graveyard orbit complying with the IADC recommendations: 9 will stay always out of the protected region; while Arabasat 2A will stay
permanently 200 km above GEO; three satellites were reorbited more than 200 km above GEO and these will enter the protected zone several times in the future. Unfortunately, 3 satellites were reorbited into a graveyard orbit clearly below the altitude recommended by
the IADC.

However, comparing the results with the ones from the retired objects in 2003 and 2004 shows an improvement in reorbiting maneuvers of the retired objects. This indicates a progress of the satellite operatorséattitude towards the conservation of the unique GEO
resource.
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