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ABSTRACT 

“Orbital Debris” refers to all of the pieces of leftover space hardware, including remnants of satellites destroyed in 

collisions or explosions. Even small pieces of debris travelling at speeds of over 15,000 miles per hour can cause severe 

damage to space assets. The orbital debris environment, if left unchecked, will force a change in the design and operation 

of our national commercial and military satellite systems. The American Institute of Aeronautics and Astronautics 

(AIAA) believes that the United States should take a stronger leadership role in the global community in addressing the 

growing threat of orbital debris. While many countries are actively collaborating to develop strategies for minimizing the 

creation of new debris and the removal of existing debris, the United States must take the lead by establishing the 

organizational and technical means to provide key leadership in this area.  

BACKGROUND 

The tracking, cataloguing, and cleanup of orbiting debris is necessary to ensure that our nation’s satellites achieve 

mission success. Over 16,000 large debris objects, with a cross section roughly greater than 10 cm, are regularly tracked 

by the U.S. Department of Defense’s Space Surveillance Network. The historical growth of the number of these objects1 

is shown in Figure 1. The largest contributors to this population are fragmentation debris, which represent nearly 60% of 

the total population. NASA estimates that there are roughly 500,000 objects between 1 cm and 10 cm, and 135,000,000 

objects between 1 mm and 1 cm in size.2 This smaller debris is difficult to identify and track while posing a significant 

threat to space operations. Despite policy efforts to minimize the creation of future space debris, there will inevitably be 

on-orbit incidents that create small- to medium-sized debris in critical orbits. The Chinese anti-satellite test of 2007 and 

the Iridium 33/Cosmos 2251 collision in 2009 are examples of situations that are increasingly likely to recur. While 

debris in low-altitude orbits naturally decays and de-orbits over time, models indicate that we already have an unstable 

situation where debris is created faster than it naturally de-orbits, with an increasing collision frequency. Models1 from 

after the Chinese ASAT test indicate that even if all launch activity stopped, satellite collisions with existing debris 

 
Figure 1: Debris Population as of 2012 

 

                                                      
1 Johnson, N., “Introduction to Orbital Debris,” briefing provided by the Orbital Debris Program Office, NASA Johnson Space 
Center (2013); http://orbitaldebris.jsc.nasa.gov, cited 1/10/14.  
2 “Orbital Debris Management and Risk Mitigation,” NASA Academy of Program/Project and Engineering Leadership (APPEL); 
http://www.nasa.gov/pdf/692076main_Orbital_Debris_Management_and_Risk_Mitigation.pdf, cited 1/10/14. 
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would continue to grow over time. The projected 

growth of debris is shown in Figure 2. The key to 

understanding the damaging effects of a debris impact is 

understanding the kinetic energy. For example, a 1-kg 

object impacting something at 10 km/sec has the 

equivalent energy of 25 sticks of dynamite. A Ferrari 

traveling at 200 mph has the equivalent kinetic energy 

of a 1.5-kg object moving at 3 km/sec. This kinetic 

energy comparison, coupled with the lower spatial 

density values in GEO to make the collision hazard 

much smaller in GEO than LEO. 

 

Impacts with orbital debris can damage spacecraft in  

 
Figure 2: Post-Chinese ASAT Test Orbital Debris 
Projections 

 

various ways. Figure 3 shows three levels of damage from hypervelocity impacts. The first picture (a) is a scanning 

electron microscope image of an area eroded by impacts with very small objects (on the order of microns). This is the 

most frequent impact on spacecraft. This type of object typically degrades performance, such as decreasing a solar 

panel’s efficiency or interfering with an image taken from a camera. The second picture (b) shows an object penetrating 

the surface in a hypervelocity impact. 

  
(a) (b) 

 

 
Figure 3: (a) Erosion, (b) Penetration, and (c) Catastrophic Effects from Impacts with Debris [Courtesy of NASA] 

(c) 

 

Depending on the location of the impact on a spacecraft, the effects can range from small (penetrating an antenna or solar 

panel) to catastrophic (penetrating a spacesuit or a fuel tank). The colliding object’s size for this level of damage varies – 

overall damage depends on the impact velocity, the physical characteristics of the object it is hitting, and what the 

impacting object is comprised of. The last picture (c) shows a spacecraft-like structure destroyed in a hypervelocity test. 

Although statistically rare in space, a collision of this intensity would likely be fatal to both colliding objects, as 
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happened to both the Iridium 33 and COSMOS 2251 on February 10, 2009.3  

 

Over the full spectrum of sizes of orbital debris, collision hazards have varying effects on the spacecraft. This 

hypervelocity4 impact damage can range from surface erosion and degradation to damage of mission-critical systems or 

even breakup of the spacecraft. Small impacts on a spacecraft may not even be noticeable unless the spacecraft is 

recovered. A post-mission visual examination of the Hubble Space Telescope, as seen in Figure 4, shows small impacts 

that occurred during 16 years in space. None of these impacts affected the performance of the telescope and it is likely 

that they would have gone unnoticed had a close visual examination not been conducted. However, it was purely by 

chance that these impacts occurred in non-critical areas – had an impact occurred at a critical location, performance could 

have been affected.  

 

Current tracking systems only identify objects bigger than 10 cm. Active spacecraft with propellant reserves can 

maneuver away from threatening objects given sufficient warning, but collisions with objects smaller than 10 cm cannot 

currently be avoided. Without debris mitigation and remediation, the expected life of spacecraft before a debris collision 

could eventually become too short. Furthermore, because orbiting satellites span all geographic boundaries, debris is also 

an international legal challenge. Provisions of existing treaties are challenged by technology advancement and the rapidly 

growing and dangerous space debris problems. Existing space law addresses the use of space and does not 

comprehensively address debris regulation and mitigation. No treaty provides that one nation or group is responsible for 

cleaning space. There is no international requirement that launching States capture debris and dead satellites and then de-

orbit them or boost them to safer orbits. However, non-binding voluntary debris-mitigation measures have been 

discussed and agreed to by most spacefaring nations.  

 

Importantly, the Outer Space Treaty provides that a State retains “jurisdiction and control” over its space objects. Unless 

this right is relinquished, it is argued that peacetime retrieval, alteration of orbit, or any other form of interference with 

foreign space objects would be unlawful without prior consent under treaty and customary international law, no matter 

how desirable the end result. While technologies to effect removal are being examined and developed, these efforts 

depend in large part on launching States agreeing to removal of the satellite or object from space. States may fail or 

refuse to cooperate with or even reject efforts to remove their threatening objects from space. This creates a number of 

legal problems that can exacerbate efforts to comprehensively craft means to solve the debris problem without 

international consensus or agreement. 

 
Figure 4: Small Particle Impacts on Hubble Space Telescope. Red circles indicate impacts identified from the 2002 servicing 
mission, while green circles identify new impacts observed after the 2009 removal [Courtesy Orbital Debris Program Office, 
NASA/JSC] 

                                                      
3 Iannotta, Becky (February 22, 2009), “U.S. Satellite Destroyed in Space Collision,” Space.com. 

http://www.space.com/news/090211-satellite-collision.html, date cited 1/10/14. 

 
4 A hypervelocity impact is defined as having a higher impact velocity than the speed of the shockwave through the object 
being hit. 
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