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Introduction

 Environmental Pollution in Outer Space (including planets) could be caused by: 

 (a) organic and biological contamination 

 (b) nuclear radiation created by  (b) nuclear radiation created by 

 nuclear weapons and their tests, and 

 use of nuclear reactors to provide electric power for satellites

 (c) artificial space debris - space junk (c) artificial space debris - space junk

2



Introduction  - space debris

 I –What is the problem and how serious is it?

 What is space debris?

 What risks does it pose in outer space and on Earth?

 II - What is being done to mitigate the risks posed by space debris?

 What technical & regulatory solutions are used and/or proposed?

 Are they good enough to solve the problem?
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I – What is the problem and how serious is it?

Running out of space in space:  pollution in space is a serious problem 

 The theory of "big sky" or "vastness of space" is being questioned as space 
operators face new challenges primarily due to the enhanced risks posed by an ever 

 b  f  d bincreasing number of space debris

 The problem of space debris is particularly serious in the region of space that is y g
being used extensively for meeting important earthly needs, like communications, 
Earth observation, weather forecasting, reconnaissance, navigation and global 
positioning services, early warning, etc.

Sky has started falling, though slowly 
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Space Debris Population

Since 1957, there have been about 5000 space launches worldwide. 
Today there are about 900 active satellites in orbit 
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Top Ten Satellite Breakups
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Historical Growth of Catalogued Objects



This Figure shows that the amount of debris has grown at a faster rate than the number of active 
spacecraft. What little gains were achieved by debris mitigation measures or natural decay were 

ll d t b  j  t  hi h dd d l  t  f d b i
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cancelled out by major events which added large amounts of debris



Creation of Space Debris: by Michael Reher
(YouTube,com)
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Chinese ASAT (Weapon) Test  (2007)
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Cosmos-Iridium Collision (2009)
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Future Prediction of Collisions in LEO 

The projections show that even without any new launches, the growth in the amount of 
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p j y , g
space debris will result in eight to nine more collisions in LEO by 2050.



What risks does space debris pose in outer space?
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Damage to or destruction of satellites

 On July 24, 1996, the French microsatellite CERISE was damaged by a fragment of 
h  hi d  f A i  k  fli h  16the third stage of Ariane rocket flight 16.

 On 10 February 2009, Destruction of an active American commercial Iridium-33 
by collision Russian Cosmos-2251 dead satellite (space debris) 

 Since 1981, NASA engineers have replaced space shuttle’ s windows damaged by Since 1981, NASA engineers have replaced space shuttle  s windows damaged by 
space debris after almost every flight

 “T o or three times a da  a satellite circling Earth narro l  misses destruction b   Two or three times a day, a satellite circling Earth narrowly misses destruction by 
an orbital hailstorm of junk sweeping the busy super highways of space.”
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ISS Dodges Chinese ASAT Debris

 On 28th January 2012  the International Space Station performed an avoidance On 28 January 2012, the International Space Station performed an avoidance 
maneuver to prevent a collision with a piece of space debris created by the 2007 
Chinese anti-satellite (ASAT) test. 
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Revenue losses in billions of dollars

 A Study by The Swiss Reinsurance Company Ltd. in 2011 entitled - Space 
D b i   C lli i  C  i h I  Debris on Collision Course with Insurance -

 Space “debris has the potential to damage or destroy high-value, operational satellites 
with resulting revenue losses running into billions of U.S. dollars” 
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h  k  d   d b    hWhat risks does space debris pose on Earth?
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GPS Failure Could Have Drastic Consequences

U S  G t A t bilit  OffiU.S. Government Accountability Office
report :The business and national 
security implications of a Global 
P i i i  S lli   f il  Positioning Satellite system failure 
would be too enormous to bear.

Even a partial GPS system failure could 
have important military ramifications. 
Precision-guided munitions could lose Precision guided munitions could lose 
accuracy, resulting in failed missions or 
injury or death of innocent bystanders.
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FAA Issues NOTAM for UARS Space Debris

 In September 2011, The US 
Federal Aviation Administration 
(FAA)  di i t d  NOTAM (FAA)  disseminated a NOTAM 
as a general warning to all 
pilot’s about possible space 
debris, and warns to exercise 
caution during flight during the 
effective period.

 This was due to the fact that  
NASA’s decommissioned Upper 
Atmosphere Research Satellite 
(UARS) was entering the (UARS) was entering the 
atmosphere over the North 
Pacific Ocean, off the west coast 
of the United States.  
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Some of Fallen Orbital Debris

Texas-1997           Texas-1997 Cape Town -2000           Riyadh-2001 
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Radioactive damage on Earth

 As of today there have been 10 cases of failures leading to dispersal of radioactive 
material on Earth, including: 

 68 pounds of uranium-235 from the Russian COSMOS 954 which were spread 
over Canada’s Northwest Territories in 1978

 On re entry and disintegration COSMOS 954 scattered a large amount of On re-entry and disintegration, COSMOS 954 scattered a large amount of
radioactivity over a 124,000 square kilometre area in Canada's north, stretching
southward from Great Slave Lake into northern Alberta and Saskatchewan.

 The Soviet Union was obliged to compensate
Canada for causing this radioactive damage

 Canada claimed from the USSR $ 6 million but
finally it accepted $ 3 million in settlement

Operation Morning Lights -Canada 1978
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Has anyone been hit by falling debris? 

In 1997, Lottie 
Williams of Tulsa, 
Okl h  d Oklahoma reported 
that she was struck 
on the shoulder by 
falling debris while g
walking. It was later 
confirmed to be 
part of the fuel tank 
of a Delta II rocket  of a Delta II rocket. 
Additional debris 
from the Delta 
second stage reentry g y
were recovered 
several hundred 
miles away in Texas.
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II - What is being done to mitigate the risks posed by 
space debris?
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International  Liability for Damage Caused y g

 Under the 1972 Liability Convention(To which Canada is a Party) a launching State  is 
internationally liable for damage to another State or to its natural or juridical persons internationally liable for damage to another State or to its natural or juridical persons 
by its space object (both active and debris) and by those belonging to its private 
companies. 

l h b l l l bl f d d b b h- launching State is absolutely liable for damage caused by its space object on the
surface of the Earth or to aircraft in flight (no need of proof of fault) ; for example,
settlement of the Soviet Union-Canada dispute caused on the re-entry and
disintegration in 1978 of Soviet space object, Cosmos 954, that deposited space
debris on Canadian territory and caused damage to Canadian propertydebris on Canadian territory, and caused damage to Canadian property.

- if damage is caused elsewhere (e.g. in outer space), the launching State is liable only if 
fault is proved; i.e. victim of an accident in outer space must prove fault on the part 
of the respondent.  This could be very difficult, especially if the damage is caused by a 
small piece of debris. For example, the difficulty in determining the fault in the 2009 
collision between Iridium 33 and Cosmos 2251. 
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Space Debris Mitigation Guidelines

 The 2007  United Nations Space Debris Mitigation Guidelines attempt  to limit the 
creation of new space debris as they apply to mission planning and operation of p y pp y p g p
newly designed spacecraft and orbital stages. 

 The  Guidelines are executed at national level during the certification processes at 
th  d i  d f t i  t  the design and manufacturing stage .

 The  Guidelines are not legally binding under international law. This means there is 
no legal obligation for States and their nationals to comply   no legal obligation for States and their nationals to comply.  

 The Guidelines do not deal with the removal of the debris currently in space. 

 Whatever is achieved by successful mitigation can be negated by a single large event 
of unintentional collision or intentional destruction of satellite.
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National Regulatory Measures : Canada 

 In order to supplement and implement the existing international regulatory 
measures, some space-faring States have in place within their national regulatory 

  i i i  d  l  d d dsystems space mitigation procedures, rules and standards.

 Canada Remote Sensing Space Systems Act (2007)

 Requirements Relating to Disposal of Remote Sensing Satellites: 

 The Minister [of DFAIT] may not issue a license without having approved:  (a) a system 
disposal plan for the licensed system satisfactory to the Minister that  among other things  disposal plan for the licensed system satisfactory to the Minister that, among other things, 
provides for the protection of the environment, public health and the safety of persons and 
property….

 Ho e er  there is no comprehensi e regulator  s stem in place in Canada for the  However, there is no comprehensive regulatory system in place in Canada for the 
purpose of nationally implementing the UN Space Debris Mitigation Guidelines.  

27



Need for Active Debris Removal 

 In view of the massive amount of debris already in space, growing consensus among 
experts suggests that an active process for the removal of existing debris from space experts suggests that an active process for the removal of existing debris from space 
is required, in addition to the mitigation efforts.

 h l   d b l    l  b  d l d   Various technical concepts, means and capabilities  are currently being developed or 
considered for active debris removal. 

 However,  the removal of space debris raises a number of difficult economic, 
strategic, institutional, legal and regulatory challenges.   
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 Firstly, the removal of small pieces will not be technically possible and 
economically viable.  Thus the focus should be on removal of larger objects which is 

bl  f i  hi  lli i  d i  f i  i  capable of causing catastrophic collisions and massive fragmentations in space.

 Secondly, by their very nature as well as their dual use attributes debris removal 
technologies come with very significant strategic and military implications. They 
can be used for Anti-Satellite Tests (ASAT).

 Thirdly, if a State, or a State-licensed actor, wishes to remove a space object, it can 
only legally do so if it has jurisdiction and control over that space object or with 
prior permission from the State of registry.  p p g y
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Conclusions  

 Continuous growth in the amount of space debris will likely result in more 

collisions. This indicates looming danger and a sense of urgency in finding viable 

solution(s) to the space debris problem.   

 Access to and use of outer space is steadily becoming dangerous and difficult.

 Action must be taken to prevent   mitigate and remove space debris gene  as  Action must be taken to prevent,  mitigate and remove space debris gene, as 

soon as possible.  In the medium-term, stronger international  agreement or 

arrangement should be adopted and implemented amongst government and 

non-government space stakeholders. 
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THANK  YOU  FOR  YOUR  ATTENTION 

Questions?   Questions?   
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