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ABSTRACT

Thousands of man-made bits, known as space debris, revolve about the Earth at speeds of several km.
Although the fact that the overwhelming majority of these particles are the fault of China, Russia, and
the United States, they continue to represent a threat to any object in Earth’s orbit. Spacecraft’s have
become extremely vulnerable to junk, which may prevent them from achieving their planned orbits in
the future. Several debris bits are too big to safeguard the satellite but too little to detect. More has been
done to combat the worldwide problem of orbital debris growth. Universally recognized debris
minimization criteria, in particular, prohibit the addition of new particles to Earth’s orbit. Furthermore,
orbital trash scientists agree that mitigation efforts are insufficient to limit the amount of debris in orbit.
To ensure the security of upcoming missions, it is also necessary to develop and execute systems that
actively eliminate trash from Earth’s orbit. Considering the reasons and origins, structures and impacts,
and implementation plans of space junk, the high atmosphere ecology can be defended from the
consequences of debris in orbit. Also as result of much more than 50 years of space travel for inquiry,
observation, and defense, the area above the Upper orbit is extensively polluted with orbital junk.
Overall total number of missile launches throughout the course of nine years is represented in. This has
emerged as a concern for placing satellites in proper orbits as well as assuring their security during their
missions. Space junk, also known as orbital debris, consists of rocket nozzle rounds, insulating
coverings, and fragments of destroyed spacecraft. Based on their missions, these satellites are placed in
distinct orbits. They are primarily launched into LEO (Low Earth Orbit), km diameter orbit centered on
the globe. Others are placed in Higher Earth Orbit, which is at an altitude of 3 million km, and some are
even placed in GEO (Geostationary Earth Orbit). Ever since dawn of the space age, approximately 7000
spacecraft have been released, delivering payloads into a range of Earth orbits that rotate at speeds of
several km per second. Furthermore, LEO possesses more than half of these goods. Their sizes are
estimated to range between a few millimeters to only few meters, also with European Envisat being just
the largest.

Bits of debris that are only a millimeter apart and moving at high speeds also constitute a significant
threat to ongoing and coming space missions. There is a need for the active clearance of space debris
since the risk is rising rapidly and is a major worry for all space-faring nations. As a result, the authors
of this research have examined the danger that space debris poses as well as some of the methods that
scientists and space organizations have suggested to remove it.

INTRODUCTION

Space: A secret place to explore. New, clean and untouched. But how whole is it? How many satellites
and probes have you sent into space? How much did we leave there? The first recorded man-made
object in space was actually not the well-known Sputnik 1, but the body of the rocket that put the
satellite into orbit. Space junk has been around since the early days of space exploration. There are

IJFMR240216764 Volume 6, Issue 2, March-April 2024 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

currently about 22,000 man-made objects orbiting the Earth. Only 2,500 of these objects are active or
dead satellites (Orbital Debris, 2012). The rest is just garbage. Space junk orbiting the Earth at thousands
of miles per hour. And we place it faster than it falls. 4444 Man-made objects orbiting Earth that are no
longer functioning are called orbital debris, sometimes referred to as “space debris”. Orbiting satellites
may not want to encounter space junk. A non-operational Russian spacecraft and a

U.S. communications satellite collided on February 11, 2009, according to a private business called
Iridium. Both spacecraft were destroyed in the collision, and a field of debris that was left behind put
other orbiting satellites at danger.

Space junk refers to defunct human-made objects found in space, particularly in Orbit around earth, that
no longer serve any useful purpose. They are also referred to as space trash, space contamination, space
waste, or space trash. These include mission-related debris, which is especially common in Orbit around
earth, fragment debris from the disintegration of discarded rocket bodies, quasi spacecraft, and launch
vehicle stages, and launch vehicle stages themselves. Other types of space debris include debris left over
from impacts, erosion, and corrosion, as well as paint marks, clotted liquids blasted from spacecraft, and
unreacted elements of solid rocket motors.Space junk threatens spacecraft The first artificial satellite,
Sputnik 1, was launched into orbit in October 1957, and as soon as it was in orbit, space junk started to
build up in our solar system. But even before that, humans may have produced ejecta that ended up in
space, such as in the August 1957 Pascal B test, in addition to naturally occurring ejecta from Earth. The
North American Aerospace Defense Command (NORAD) started building a database of all known
rocket launches and objects reaching orbit after the launch of Sputnik, including satellites, shields, and
upper stages of launch vehicles. This database is now known as the Space Object Catalog. When NASA
eventually published modified versions of the database in a towline element set, they were re-published
on the CelesTrak bulletin board system starting in the early 1980s.

The U.S. Space Surveillance Network monitors any piece of space junk larger than 10 cm to reduce the
possibility of a collision between a spacecraft and garbage. It show every piece of man-made garbage
that is currently being tracked, including both beneficial and functional items. Models designed to
follow junk in Earth orbit were utilized to create the photos. Of the roughly 19,000 artificial objects
Global Space Surveillance Network (SSN) sensors operated by the Department of Defense monitor more
than 27,000 bits of orbital debris, sometimes known as space Junk.

There is a substantial amount of debris in the near-Earth space environment that is too small to be
tracked but large enough to pose a risk to robotic and human spaceflight missions. Due to the
extraordinarily high speeds at which both the debris and the spacecraft are moving (15,700 mph in low
Earth orbit), even a little piece of orbital debris colliding with a spacecraft might have serious
consequences.

Space debris is becoming more prevalent, which raises the risk to all spacecraft, including the
International Space Station and other manned spacecraft like SpaceX’s Crew Dragon.

The geostationary orbit, a special location where satellites circle at the same rate that the Earth revolves,
enables them to essentially remain above a single area on Earth at all times, is marked by a distinctive
ring. Satellites used for communications and meteorology cannot do without this orbit. To keep the
geostationary orbit free, satellites in geostationary orbit are transferred to another orbit when they are no
longer in use. The GPS satellites’ orbit or a highly elliptical orbit known as Molniya, which is used to
monitor the far north or south, is where the dots between the geostationary orbit and the lowEarth orbit
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are located. Visit the Earth Observatory’s Catalog of Earth Satellite Orbits to learn more about popular
satellite orbits.

The topic of preventing and decreasing the space debris has received special attention from the United
Nations Committee on the Peaceful Uses of Outer Space. The Committee’s Scientific and Technical
Subcommittee hosts an annual information exchange where States and organizations discuss their
research into space debris. A set of Space Debris Mitigation Guidelines, which were approved by the
General Assembly in 2007, is one significant outcome of such debates. The Legal Subcommittee is
debating the national and international legal issues of space debris mitigation strategies in addition to
scientific study. A list of space debris mitigation standards has been developed by UNOOSA to aid in
their deliberations.

LITERATURE REVIEW

Space Debris Peril:

Space debris is currently a serious environmental problem that jeopardizes the sustainability of current
space activities, and as more and more spacecraft are launched into the space environment, the problem
will only become more significant. Tracking the current population of operational and non-operational
human-made space objects and mitigating the development of new ones provide numerous and
significant issues. Additional debris However, with further spacecraft set to launch in the Challenges to
space environmental sustainability will only get worse in the next years. Experts (including authors in
this edited collection) predict that even if less than half of the satellite constellations currently planned
become operational, there will still be between four and ten times as many operational spacecraft in
existence in ten years. Greater than it is right now. Given this incredibly difficult situation and the
numerous The issue’s intricate social, legal, and technical facets, Space Debris Peril: Capacity Building
in the New Space Era’s Pathways to Opportunities Programed aims to Solve issues with space debris
and space sustainability from a range of crucial Perspectives. The book is divided into nine chapters,
each of which approaches the problem of space debris and related fundamental sub-problems from a
unique perspective and area of expertise. It advances conceptually from a discussion and analysis of the
space domain and facts of the existing situation with regard to space debris through deorbiting
technology, regulation, and Laws to handle risk assessment, space debris mitigation, and Insurance
strategies, and lastly more comprehensive governance and risk analysis. Aspects. While technical, legal,
and policy experts wrote the chapters The technical chapters, such the one on space situational
awareness in the introduction (SSA) and space traffic management (STM), which are both extremely
complicated and detailed, Chapters are typically never too complex for a layperson to understand.

Space Debris Models and Risk Analysis

The writers of Space Debris Models and Risk Analysis will give the reader a thorough background to
help them comprehend the numerous sources of space debris and evaluate the risks connected with the
existing and future space debris environment. There are various other sources of space debris besides the
untraceable items created by past on-orbit fragmentation events that will be discussed. On realistic target
orbits for the present and the future, models will be discussed that enable the formation and propagation
of the various debris families as well as the assessment of the corresponding collision risk. It will be
possible to predict how the environment will change in the future with the use of traffic models and
potential mitigating techniques. We’ll go through some techniques for conjunction event prediction and
associated risk evaluations for massive, track able objects. Procedures will be established for hazardous
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re-entry objects to allow for the prediction of re-entry times and likely impact locations, to assess the
uncertainty in these factors, and to quantify the risk from ground impact. Models for meteoroids, which
outweigh space junk at small particle sizes, will also be discussed.

Space Junk: The Dangers of Polluting Earth’s Orbit

This is one of those books that the average reader will come across by chance and discover to be of great
worth and interest. We occasionally hear about space junk on the news, and perhaps a story about a
piece of a failed space launch crashing to the ground catches our attention. But do we truly comprehend
the implications of what is happening so far above us? A single collision between two satellites resulted
in countless numbers of debris pieces drifting in orbit. Satellites and spacecraft could be harmed by each
bit. There is a huge issue that is only going to get worse rather than better when you add in countless
other pieces of trash from obsolete and abandoned satellites and spacecraft. Over 100 million bits of
space trash have been estimated, and this is likely a conservative estimate. Although space may be vast,
space in orbital locations is very constrained because, well, if something is in an orbital position, it will
be orbiting, and things will thereafter get slightly more congested.

1. lorbital debris

Both natural meteoroids and man-made (artificial) orbital debris are included in the category of space
debris. While most manufactured debris is in orbit around the Earth (thus the term “orbital” junk),
meteoroids are in orbit around the sun.

Any human-made item in orbit around the Earth that is no longer usable is known as orbital trash.
Nonoperational spacecraft, abandoned launch vehicle stages, mission-related junk, and fragmentation
debris are examples of this debris.

Over 23,000 objects the size of softballs are now in orbit around the Earth. They can move at up to
17,500 mph, which is fast enough to do harm to a satellite or spacecraft even if it is only a little piece of
orbital debris.

There are over 100 million particles of debris that are at least.04 inches in diameter and half a million
that are the size of marbles or larger. Even more junk of a micrometer or smaller is present.

When moving at high speeds, even minute paint flakes can harm a spaceship. As a result of damage
caused by substances that were later determined to be paint flecks, several space shuttle windows had to
be replaced. In reality, for the majority of robotic spacecraft operating in low Earth orbit, millimeter
sized orbital debris poses the greatest threat to the completion of their missions.

Debris from a French rocket that had detonated ten years previously struck and damaged a French
satellite in 1996.

A operational American Iridium commercial spacecraft was destroyed on February 10, 2009, when it
collided with a defunct Russian spacecraft. More than 2,300 pieces of big, track able debris and several
smaller pieces of debris were added to the inventory of space junk as a result of the collision.

More than 3,500 pieces of large, track able junk and a great deal more smaller trash have been added to
the debris problem as a result of China’s 2007 anti-satellite test, which involved using a missile to
destroy an outdated weather satellite.

1.2 Orbital Debris and human space craft

Global Space Surveillance Network (SSN) sensors operated by the Department of Defense monitor more
than 27,000 bits of orbital debris, sometimes known as space junk. There is a substantial amount of
debris in the near-Earth space environment that is too small to be tracked but large enough to pose a risk
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to robotic and human spaceflight missions. Due to the extraordinarily high speeds at which both the
debris and the spacecraft are moving, even a little piece of orbital debris colliding with a spacecraft
might have serious consequences.

Space debris is becoming more prevalent, which raises the risk to all spacecraft, including the
International Space Station and other manned spacecraft like SpaceX’s Crew Dragon.

NASA has a well-established set of standards on how to handle each potential collision risk to the space
station because they take the issue of collisions with space debris seriously. These guidelines, which are
a subset of a larger set of tools for making decisions known as flight rules, outline when the anticipated
presence of a piece of debris raises the risk of a collision to the point where evasive man oeuvres or
other safety measures are required.

1.3 Tracking Debris

The Department of Defense keeps an extremely accurate satellite database of celestial bodies. The
majority of the items in the catalogue are bigger than a 10 cm softball.

Cooperation and responsibility for describing the satellite environment, including orbital debris, are
shared by NASA and the DoD. The Space Surveillance Network of the Department of Defense monitors
discrete objects in geosynchronous orbit and low-Earth orbit as tiny as 2 inches in diameter.
Approximately 27,000 officially catalogued objects are still in orbit as of right now, and the majority of
them are 10 cm or bigger. NASA uses specialized ground-based sensors and examinations of the
surfaces of retrieved satellites to statistically estimate the population size for objects with a diameter of
less than 4 inches (10 cm).

Depending on the size of the threat, collision risks are categorized into three categories. Conjunction
analyses and collision avoidance techniques are effective in avoiding things that the Space Surveillance
Network can track for objects 4 inches (10 cm) and larger. Smaller objects typically can’t be tracked for
conjunction evaluations or collision avoidance. For the American modules on the International Space
Station, debris shields can be effective in mitigating damage from particles smaller than half an inch.

1.4 planning for and reacting to debris

To determine whether the prospect of such a close pass justifies evasive action or other safety measures
to protect the International Space Station and its crew, NASA has established a set of long-standing
standards.

Due to its flat, rectangular design, the guidelines essentially construct an imaginary box around the
spacecraft. The International Space Station is located in the center of a box that is approximately 2.5
miles deep by 30 miles wide by 30 miles long (4 x 50 x 50 km).Mission Control centers in Houston and
Moscow collaborate to create a prudent plan of action when forecasts show that any tracked object will
pass by close enough to cause concern and the quality of the tracking data is deemed sufficient.
Sometimes these collisions are well anticipated, leaving enough time to make a “debris avoidance
manoeuvre,” or little movement of the International Space Station, to keep the object outside the box.
Sometimes the tracking information isn’t accurate enough to support the manoeuvre or the close pass
isn’t detected in time to execute the manoeuvre. In similar circumstances, the command centers may
concur that transferring the crew to the American or Russian Soyuz is the appropriate course of action.
Humans are transported to and from the station using commercial crew spacecraft. In the event of a
harmful collision, this gives adequate time to separate those spaceships from the station by shutting
hatches. If the accident resulted in a loss of pressure in the life-supporting module or destroyed crucial
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components, the crew would be allowed to escape the station. In an emergency, the spacecraft serve as
lifeboats for the crew.

If the chance of a collision is high enough, Mission Control also has the option of implementing further
safety measures, such as ordering the crew to close hatches between certain of the station’s modules.

1.5 Spacecraft Maneuvers to Avoid Orbital Debris

When the likelihood of a collision from a conjunction approaches preset thresholds in the flight rules
used to control the space station and the spacecraft used to carry people and goods to and from the
station, debris avoidance maneuvers are planned. If a collision with the space station is more likely than
one lack, a maneuver will be performed if it won’t have a substantial influence on mission goals. If it is
larger than ten thousand a maneuver will be performed unless it puts the crew at further risk.

Small debris avoidance actions typically take place one to several hours prior to the conjunction time.
Such space station moves take around 5 hours to design and carry out using either the Russian thrusters
on the station or the propulsion systems on one of the docked spacecraft. Since 1999, the International
Space Station has carried out 29 debris avoidance operations, three of which were carried out in 2020.
Beginning with a mission in 1988, NASA developed the conjunction assessment and collision avoidance
procedure for human spacecraft. A more advanced and high-fidelity conjunction assessment process for
human spaceflight missions was collaboratively designed and deployed by NASA and the DoD prior to
the 1998 launch of the first component of the International Space Station.

For a few robotic assets, including the Earth Observation System satellites in low-Earth orbit and the
Tracking and Data Relay Satellite System in geosynchronous orbit, NASA used a similar procedure in
2005.

All NASA maneuverable satellites in low-Earth orbit and within 124 miles (200 kilometers) of
geosynchronous orbit were added to the conjunction evaluation procedure by NASA in 2007.

The 18" Space Control Squadrons of the U.S. Space Force is in charge of carrying out conjunction
evaluations for all designated NASA space assets in accordance with a predetermined schedule. When a
conjunction meets predetermined standards, the 18 SPCS notifies NASA

To increase the precision of the conjunction assessment, the Space Force gives the Space Surveillance
Network the responsibility of gathering more monitoring information on a hazardous object. Based on
the Space Force’s miss distance and uncertainty, NASA calculates the likelihood of a collision.

NASA determines if a collision avoidance maneuver is necessary based on precise flight regulations and
thorough risk analysis.

If a movement is necessary, NASA gives the Space Force scheduled post-maneuver orbital data for
screening of close conjunctions. If the proposed new orbit puts the NASA vehicle in danger of colliding
with the same or another space object in the future, this procedure can be repeated.

2.1 ldeas for Eliminating Space Junk

We have been leaving behind various types of trash in space virtually from the very first moment that
man began venturing outside of Earth’s atmosphere. Space trash is not only wasteful, but it may also be
harmful to satellites, space stations, and, when part of it falls back to Earth, human life on the surface.
But even if some of them sound far-fetched, there are plenty of ideas for removing the trash we’ve left
behind in orbit. Here is a summary of some of the suggestions for clearing space junk. About the risks of
space trash collisions, how scientists keep track of them, and how space organizations are attempting to
create new technology to remove the debris as you go through space. You’ll hear from the researchers
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who are attempting to keep space a risk-free environment for exploration and travel along the way. It
might be hard to travel into space if we don’t address the space junk issue; it might even keep us on
Earth.

1. Lasers

Space junk may be made to slow down a little and then re-enter, burn up in the atmosphere, or fall into
the oceans by firing plasma jets at it with high-powered pulsed lasers from Earth.”

The technique, known as Laser Orbital Debris Removal (LODR), would utilize laser technology that has
been present for 15 years instead of developing new technology. It would be reasonably priced and
easily accessible.” The main drawback is the estimated $1 million price tag per item, which is worse
than dumping additional trash to the waters.

2. Orbital Balloons

The Gossamer Orbit Lowering Device, or GOLD system, attaches massive chunks of space junk to an
ultra-thin balloon that is smaller than a plastic cover and is inflated with gas to the size of a football
field. The GOLD balloon will make items more drag gable till the point where they enter the earth’s
atmosphere and burn up. If the approach is successful, some objects’ re-entry might be sped up from
several hundred years to only a few months.

In the course of one human lifetime, we went from Sputnik to space stations to Pluto missions, releasing
an entire galaxy of science and technology. Sadly, we’ve also let loose a galaxy of trash. In addition to
the far-flung places on Earth, such as Midway Atoll and Mount Everest, where our rubbish already
collects, Earth’s exosphere is also becoming more and more clogged. Hopefully, the same inventiveness
that allowed us to travel to space will also enable us to clean it up. About 20,000 bits of human-made
trash larger than a softball, 500,000 pieces larger than a marble, and millions of more too small to be
tracked are present in Earth’s orbital environment.

But the Earth’s orbit is too vital for us to allow ourselves to pollute it with trash. For services like GPS,
weather forecasting, and communication, satellites are essential alone. We also need to pass through this
region safely for larger-scale missions into deeper space. It’s evident that we need to get rid of clutter in
space, but considering that it’s already empty, cleaning it up can be challenging.

It’s difficult to even figure out how to catch a piece of space debris. Any spaceship collecting trash
should maintain a safe distance from its target in order to comply with the first guideline, which is to
prevent creating new space junk, which is easily accomplished when parts collide. That might entail
performing the actual corralling using a robotic arm, tether, or net.

In a vacuum, suction cups are useless, and the high temperatures in space can destroy many sticky
substances. Harpoons rely on a fast hit that could chip off additional debris or drive something in the
incorrect direction. However, contrary to what some recent theories have suggested, the situation is not
bleak.

Under its Clean Space Programme, the European Space Agency (ESA), which actively monitors space
debris, supports a variety of debris-removal initiatives. Additionally, the ESA announced funding for a
concept created by researcher Emilien Fabacher of the University of Toulouse in France’s. The concept
of Fabacher is to gather space garbage at a distance without using a net, harpoon, or robotic arm. He
wants to reel it in instead, without even touching it.

He continues by saying that because these magnetic tugboats might make use of electromagnetic
components known as “magnetorquers,” which assist many spacecraft in changing their orientation, the
target satellites wouldn’t need to be particularly prepared beforehand.
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The use of magnetism in an idea is not new. A separate magnet-based design, a 2,300-foot
electrodynamic tether extended from a cargo spacecraft, was tested by Japan’s space agency (JAXA).
That test was unsuccessful, but it wasn’t necessarily because the concept wasn’t sound because the
tether didn’t release.

Magnets can only clean up so much space debris, though. Since many smaller bits are either too small or
made of non-metallic materials to be contained by magnets, Fabacher’s approach is mostly focused on
recovering entire abandoned satellites from orbit. That’s still useful, though, since if a big piece of space
debris collides with something, it will instantly break up into many smaller pieces. Additionally, the
ESA notes that this idea might be used in other contexts, such as employing magnetism to assist small
satellite constellations in flying in precise formation.

Stanford University researchers collaborated with NASA’s Jet Propulsion Laboratory (JPL) to create a
new type of robotic gripper that can capture and discard debris, which is another creative idea for
collecting space junk. Their concept, which was published in the journal Science Robotics, was
influenced by sticky-fingered lizards. According to senior author Mark Cutkosky, a professor of
mechanical engineering at Stanford, “what we’ve invented is a gripper that leverages gecko-inspired
adhesives.” It’s a result of work we began on climbing robots that used adhesives modelled after the way
geckos stick to walls approximately ten years ago.

Due to tiny flaps on their toes, which produce “van der Waals forces” when in full contact with a
surface, geckos may climb walls. These are weak intermolecular interactions that function differently
from conventional “sticky” adhesives because they are produced by minute variations in electron
configurations on the surfaces of molecules.

The researchers admit that the gecko-based gripper is less complex than a real gecko’s foot; its flaps
measure roughly 40 micrometers as opposed to merely Small meters on an actual gecko. It operates on
the same principle, though, and sticks to a surface only when the flaps are aligned in the proper
direction. It also only requires a slight push in the desired direction. The team has already used the
International Space Station and a parabolic flight to test its gripper in zero gravity. The gripper will now
be tested outside of the space station since those tests were successful.

These are but two of several ideas for decontaminating low-Earth orbit, along with additional strategies
like lasers, harpoons, and sails. That’s fortunate since the threat posed by space debris is so significant
and varied that we could require a variety of strategies. And no great leap forward is really complete
without a few modest steps back to tidy up after ourselves, as we ought to have learnt here on Earth.

2.3 How likely is it that you’ll be struck by falling space debris?

It is safe to predict that as the space industry develops, such occurrences will only increase in frequency
and may present a risk. But exactly how much of a risk? The remaining parts of a space system that are
no longer needed are referred to as space trash. It could be a satellite that has reached the end of its
useful life like the International Space Station when it does so in 2031, or it could be rocket system
components that have served their job and are discarded. Therefore, just how harmful is space debris?
Well, as far as we know, it has only ever struck one individual. In 1997, a piece struck Lottie Williams, a
resident of Tulsa, Oklahoma, in the shoulder without causing any harm. It is believed to have originated
from a Delta Il rocket and was roughly the size of her hand. She took it, brought it home, and reported it
to the police the following day. However, as more and more things travel into space and return to Earth,
the likelihood that someone or something will be hit is rising. This is particularly true of big, erratic
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objects like the Long March 5B. For example A sizable chunk of space junk came down in Brazil’s
Salinopolis region in 2014. The debris features the logos of a European satellite manufacturer and the
UK Space Agency. Three times this model of rocket has been launched the first time, on May 11, 2020,
parts of the rocket re-entered the atmosphere and landed on two villages in the Ivory Coast the second
time, on May 9, 2021, close to the Maldives and the third time, on May 9, 2018, over Indonesia and
Malaysia, with debris re-entering the atmosphere and settling near these islands.

2.4 Should we worry about this?

There are many various estimates of the likelihood that someone may be struck by space debris, but the
majority fall in the one-in-10,000 range. This is the likelihood that anyone, anywhere in the world, may
be struck. However, the likelihood that a specific person like you or me will be struck is on the order of
one in a trillion. These estimations are based on a number of variables, but for the time being, let’s
simply concentrate on one major one. The recent Long March (5B-Y3 rocket’s) last 24-hour orbital path
is depicted in the graphic below. Various objects have different orbital paths along with the site of its re-
entry.

2.5 THE RISK OF BEING HIT With Space Debris

It may seem absurdly unlikely that somebody could be harmed by space debris that fell from the sky.
But do we need to start taking the risk more seriously now that we are sending more satellites, rockets,
and spacecraft into orbit? In a study that was published in Scientific Astronomy, the likelihood of
fatalities from falling rocket pieces during the following ten years was estimated. The study looked into
the unplanned influx of artificial space trash from satellites and rocket launches, including expended
rocket stages. The authors calculated the locations of rocket debris and other space junk when they fall
back to Earth using mathematical modelling of rocket part inclinations and orbits in space and
population size below them, as well as 30 years’ worth of prior satellite data. They discovered that there
is a slight but significant chance of pieces returning in the next ten years. However, across southern
latitudes rather than northern ones, this is more likely to occur. In fact, the study calculated that the
latitudes of Jakarta in Indonesia, Dhaka in Bangladesh, or Lagos in Nigeria are about three times more
likely to have rocket bodies land than those of New York in the US, Beijing in China, or Moscow in
Russia. Also estimated the risk to human life during the following ten years as a result of uncontrolled
rocket reentry. They discovered that there is an average 10% risk of one or more casualties during the
following ten years, assuming that each re-entry disperses fatal debris across an area of ten square
meters. With so many objects being launched and reentering the atmosphere, the overall risk posed by
space debris will also rise. There are currently many, many more launches planned by businesses and
space authorities around the world.

2.6 What can we do to get prepared?

Can we predict debris re-entries? And what can we do to lower the risk? Are the first two issues that
come to mind.

Start by making predictions. Predicting where an item in an uncontrolled orbit will re-enter the
atmosphere can be quite difficult. According to the common rule of thumb, the anticipated re-entry time
will have an uncertainty of 10% to 20% of the remaining orbital period. This implies that an item with a
predicted re-entry time of 10 hours will have anr-so uncertainty margin. It is therefore possible for an
object to enter almost anyplace if it orbits the Earth every 60 to 90 minutes.
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This uncertainty margin can be improved, but doing so will be difficult and take a lot of study. Even
then, it’s doubtful that we will be able to pinpoint an object’s re-entry location with more accuracy than
a 1,000km radius.

2.7 Methods to lower risk

Although lowering risk is difficult, there are a few approaches. First, a safe deorbiting strategy into an
unpopulated area should be in place for all items that are placed into Earth orbit. The SPOUA (South
Pacific Ocean Uninhabited Area), commonly referred to as the spacecraft cemetery, is typically where
this occurs. Another possibility is to meticulously craft components so that, upon re-entry, they
completely disintegrate. There won’t be much of a risk if everything burns up when it hits the high
atmosphere. The United Nations Guidelines for the Long-term Sustainability of Outer Space Activities,
for example, already call for reducing the risk of space debris, but the procedures for doing so are not
outlined. Furthermore in conclusion, are you worried about getting struck by space debris? Presently, no.
Is it really necessary to conduct further research on space debris in the future? Absolutely.

It is possible to do harm to people and property when exploring and using the space environment, which
includes the moon and celestial bodies in addition to outer space as a whole. The regulations providing
for the payment of monetary damages for injury caused by space objects and its component parts,
including the “payload,” have received a lot of attention in international law and local law. The
fundamental idea that monetary damages should be used to make up for wrongs has been acknowledged
by both types of law. This research will focus primarily on the types of harm produced by space objects
that are currently thought to be compensable under international law.

SPACE POLLUTION AND ENVIRONMENT

Scientists have discovered at least 100 million pieces of space junk floating in Earth’s orbit, ranging in
size from paint flecks to dead zombie satellites. And every year, more than 100 tones of such fragments
penetrate the atmosphere of Earth. This is the wreckage left behind from satellite explosions, items that
dropped off fluids that froze in space, and completely defunct satellites. These are now in orbit; if they
don’t burn up in the atmosphere, they will ultimately reenter the atmosphere and hit the Earth. This is a
known occurrence.

Due to the increased possibility of satellite collisions and damage, the buildup of space trash poses a
particularly catastrophic threat to humankind’s future in space exploration. The environment of Earth
might also suffer as a result. Space debris can have major effects, and allowing it to build up puts future
space travel at serious danger by raising the likelihood of accidents like the one between Iridium 33 and
Cosmos 2251. The issue extends beyond the danger to space exploration. The majority of space debris in
low Earth orbit will gradually lose altitude and burn up in the atmosphere of the planet; however, rarely,
heavier debris may collide with the planet and cause environmental harm. For instance, the Altai region
of eastern Siberia is covered in debris from Russian Proton rockets that were launched from the
Baikonur cosmodrome in Kazakhstan. This includes waste from outdated gasoline tanks that contains
unsymmetrical dimethylhydrazine (UDMH), a carcinogen that is damaging to both plants and animals in
addition to being a very toxic fuel residue. While efforts are made to totally limit the fallout from
launches inside a certain area, it is quite challenging to do so. However, locals’ testimonies point to an
unusually high number of cancer cases in the region, which many suspect are connected to the UDMH
in the fuel tank debris; in 2007, 27 people in the Ust-Kansky District of the Altai were hospitalized with
cancer-related complications, with many of them blaming the rocket fuel as the suspected cause. In an
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effort to prevent the pointless buildup of space junk, economists at the University of Colorado Boulder
proposed tying an annual fee rising 14% annually to each satellite placed into orbit in May 2020. The
construction of self-removing satellites, coating satellites in polymeric foam to allow them to fall into
the Earth’s atmosphere and burn up, and removing huge pieces of trash with tools like harpoons and
lasers are other solutions that have been suggested over the years. However, there isn’t yet a widely
accepted fix for the issue. It Is critical that the drive to lessen future buildup of debris expands that more
spaceflight businesses follow the rules established by the Inter-Agency Space Debris Coordination
Committee. Thus it is crucial that the effort to lessen the formation of space trash in the future
consolidates into a robust one.

There isn’t a significant risk right now, but if we carry on as usual, there will be one shortly. Shuttles
have already developed signs indicating that they have been struck by space debris. A little crater in the
window of one shuttle was caused by a paint particle. A incident involved some falling space debris that
burned up to only a very small amount and hit a woman in the shoulder. Fortunately, she only sustained
some burns; if the debris had not burned up in the atmosphere, she would have perished. Around the
same moment, all of these spacecraft began their ascent into orbit. On October 4, 1957, Sputnik 1, the
first satellite, was launched into space. On November 3, the same year, Sputnik 2, followed. The
pollution in space does cost us money. This happens as a result of the contaminants damaging satellites,
spacecraft, and shuttles. It would be a waste of money if these were destroyed soon after launch.

Space in future: Challenge for the Future of Humanity

Our capacity to guarantee a sustainable long-term future for space operations is intrinsically linked to the
future of humanity. One of the biggest obstacles to the long-term viability of space activities is space
debris.

Since the dawn of time, humanity have endeavored to discover and seize new resources. To this human
trait, the future appears bright. Humans have been on our world for a very long time, and they will
eventually travel to another galaxy or planet. When a family takes an annual trip to Hawaii, there isn’t
anything particularly exciting that we have discovered during our exploration of the world. In the near
future, humanity will go into space to discover new planets so that humans might live there and take the
place of their current holiday destinations. However, people will need to develop new modes of
transportation and find new routes to reach these far-off ideals. A large number of people will migrate to
these locations once they are discovered and reached and continue to reside there. In the future,
humanity will travel around space using cutting-edge transportation technologies in quest of new
locations for residence and travel. The world we live in has undergone a transformation due to space-
related technology over the last 60 years. Space has developed into a very important commercial region,
estimated to be worth billion in 2020, and growing at a significant rate , far exceeding the growth of the
larger global economy, starting in the 1950s/1960s with an focus on Government-led military and
scientific activities. . Our usage of space has advanced to the point where it is now crucial to daily life
for people all around the world. Without even realizing it, and Space is everywhere, almost every nation
on earth needs access to some kind of space technology and the data it generates as vital components of
its crucial infrastructure. This makes it clear that a Day Without Space would have a severe detrimental
impact on every individual living on Earth. Indeed, society as we currently know it would no longer
work in many ways. Geopolitical interactions on Earth have also been influenced by and have been
formed by developments in space. The backdrop in which important advancements in space technology
first appeared is particularly striking: a setting of Cold War hostilities between the United States and the
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Soviet Union. The 1967 Outer Space Treaty (OST), adopted through a United Nations consensus
process and regarded by many as the “Constitution” of international space law, was centered on this idea
that outer space is a State-dominated, competitive arena, balanced with the need to emphasize the
peaceful nature of space exploration and use. Four more space treaties as well as a wide range of other
instruments have been developed through the ongoing efforts of the United Nations Committee on the
Peaceful Uses of Outer Space (UNCOPUQS), which has more than 100 Member States and Permanent
Institutional Observers. These treaties all add to the fundamental OST principles that govern responsible
behavior in space. These principles, which impose both rights and obligations on nations have in turn
influenced the growth of national space law in, to date, some 30 nations. . The spacescape is changing
quickly, offering opportunities as well as substantial problems to a much wider spectrum of space actors.
Most significantly, space debris has become a serious global problem that necessitates a quick
coordinated multilateral response. According to estimates from the European Space Agency, there are
more than million pieces of junk smaller than 1 c¢cm, around pieces of trash between 1 and 10 cm in
length.. We can only “track” the latter category, though, thanks to existing technology. A collision with
junk or a satellite could produce many more pieces of debris because of the high orbital velocities of
space objects. These could then lead to other collisions and debris, possibly starting the "Kessler Effect,"”
which predicts that someday there may be a “debris belt” surrounding the Earth, rendering space less
accessible, navigable, and sustainable.

What Constitutes Space Debris?

However, it also includes other items that are intentionally or unintentionally released during a space
mission. Space debris is primarily made up of space objects that have reached the end of their useful
lives, different launch stages and the remains of space objects from explosions, collisions, or deliberate
destruction. Although there is considerable worry and controversy about the amount of space junk
orbiting the Earth on a global scale, there is no universally accepted and legally enforceable definition of
orbital space debris. However, UNCOPUOS defines space debris as any man-made objects, including
fragments and elements thereof, in Earth orbit or re-entering the atmosphere, that are non-functional,
which includes junk both in Earth orbit and in the process of de-orbiting.

Risk in outer space

Recently, there have been space collisions, In 2009, a collision between an operating American
commercial satellite and an inactive Russian communications satellite which occurred 790 kilometers
above the Earth, completely destroyed both satellites. We were all powerless to prevent the passing of
two huge “dead” satellites within meters of one another in late January 2020. When NASA predicts a
higher-than-normal probability of collision with debris, the International Space Station (ISS) has
occasionally had to be moved. Also possible is the return of space debris to Earth. In 2007, a passenger
airliner from Chile travelling between Santiago and Auckland nearly avoided being hit by debris from a
Russian satellite. The seventy seven tonne US space station Skylab broke up over Western Australia in
1979, scattering debris all around the southern coastal town of Esperance. We recently observed the
uncontrolled re-entry of sizable fragments from a Chinese Long March 5B rocket that crashed into the
sea near the Maldives. There are obvious concerns even if there haven’t been any reported fatalities or
severe injuries from people being struck by space debris. A Soviet remote sensing satellite, Cosmos 954,
crashed into a desolate area of Canada’s Northwest Territories just one year before to the death of
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Skylab, dispersing radioactive debris over a large area. The fact that Cosmos 954 did not crash in
Toronto or Quebec City, where the radioactive fallout would have required a widespread evacuation,
was only a stroke of luck. The fact that China and the United States both proven in 2007 and 2008 that
they are capable of purposefully destroying their own satellites in orbit adds to the complexity. More
recently, in March 2019, India kinetically destroyed one of its own satellites, sparking a contentious
political discussion within UNCOPUOS’s Legal Subcommittee, which convened just four days
afterwards. Moreover, as increasingly sizable commercial constellations of tiny satellites are launched,
the issue of space debris has become much more urgent. The number of objects launched into space over
the next five to ten years will actually dwarf by a factor of up to ten the total number launched over the
more than six decades since the first human-made object (Sputnik 1) was sent into orbit in 1957, if the
well-publicized plans of just a few large corporations come to pass. Of course, the likelihood of a
collision increases as space grows more “packed,” especially in “popular” orbits.

SPACE DEBRIS MANAGEMENT METHODS

The orbital debris burden can be reduced by doing one of two primary classes of action: Measures to
prevent explosive failures of spacecraft and upper stages, prevent the launching of space debris items
into space, and removal technique that lesson the likelihood and severity of on-orbit hypervelocity
collisions by reducing the number and mass of objects in orbit.

Preentive measures : launch vehicles and spacecraft should be built and operated with as little risk of
explosion or fragmentation as possible. For instance, after a launch vehicle’s upper stages have
completed their mission, they should be completely depleted of pressurants and propellants.

Electrical protection circuits should be built into batteries to prevent battery explosions brought on by
electrical shorts. Due to the removal of additional energy from the object, such methods also lessen or
completely eliminate the possibility of chemical explosions and lessen the severity of collisions when
they do occur. Since 1981, NASA has operated its upper stages in a way that significantly decreases the
possibility of an in-space explosion. Similar operating practices have lately been adopted by Japan and
the ESA. Costs of these operations vary depending on how higher stages and spacecraft are designed,
however they can be expressed In terms of the costs associated with reducing the dry weight of a
spacecraft or the equivalent weight of spacecraft that would have to be sacrificed to include such
measures. Other preventive strategies include developing spacecraft and upper stage separation
procedures that restrict the spread of operational debris as well as designing and manufacturing
spacecraft that resist environmental deterioration from atomic oxygen and solar radiation. Giving up the
practice of purposely shattering inactive satellites in orbits with minimal air pull and extended debris
lifetimes would significantly reduce the production of future orbital debris. Atmospheric drag causes
objects in very low orbits (less than 250 km) to descend into the atmosphere and burn up or fall to the
surface over the course of a few months to a year. Even though they are quite small, drag forces as far as
500 to 600 kilometers away could eventually bring space objects to Earth over the course of a few years.
High solar activity causes the upper atmosphere to expand, increasing atmospheric drag and
significantly reducing the amount of debris in LEO.

CONCLUSION
According to the report, space debris is having an increasing impact on spaceflight and travel. If new
technologies to limit the development of space trash or to begin lowering the amount of garbage in the
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environment are not developed, space travel will face considerable challenges. Despite this, travel will
still be possible, however following missions will be more expensive. The amount of additional fuel
required will be one of the biggest expenses. A spaceship will require more fuel to launch because of the
heavier shields required to protect against the numerous MMOD collisions. For the spacecraft to be able
to travel away from space junk, additional fuel will also need to be stored. Due to the possibility of a
debris cascade caused by even the smallest loose nut or bolt lost during a spacewalking maintenance
mission, astronauts and spacecraft engineers must exercise caution.

The idea that space debris could cause serious issues for satellites in orbit around the Earth has increased
interest in the mechanics of small objects orbiting our planet. Several models are used to describe the
mechanics of space debris depending on its height. Understanding the location of the object and the
principal forces affecting it is critical for this reason. After establishing the model, the dynamics can be
investigated using the proper formulation. The overlapping of tesseral resonances, which can be caused
by changing the orbitalparameters, specifically the inclination and eccentricity, is a well-known source
of chaos.

or alternatively by raising the area-to-mass ratio of the space debris. As a result, one can construct
potential disposal procedures that are similar to those used to describe interplanetary trajectories using
low-energy orbits: if a parameter change causes chaos, one can relocate the space debris to another area.
The design of disposal orbits also heavily relies on lunisolar resonances, particularly those seen in GNSS
constellations. According to the analysis of the averaged Hamiltonian, notable effects of these
resonances include the increase of eccentricity or the emergence of equilibrium bifurcations. This work,
which compiles all key formalisms for the study of space debris dynamics, is motivated by the success
of applying analytical tools to explain unexpected events or predict dynamics. It is hoped that it will
serve as a reference for future advancements.

The risk to spacecraft in orbit must be kept to a minimum by space agencies and spacecraft engineers,
and the best way to deal with space debris is to avoid producing more of it. The chance of generating
debris can be decreased and the freshly launched space asset can be helped to reach its orbit safely via
pre-launch collision screening. Greater crash estimates will be possible as approaches and tools progress
and tracking data quality improves. Aerospace strives to improve collision avoidance technology in
order to protect space missions and the use of space itself. However, more needs to be done to protect
against larger item hits and to reduce debris accumulation, and some experts believe that a commercial
clearance service may one day become practical. This increased danger to humans can be managed in
three different ways. The first option available to the space system operator is a controlled re-entry over
a large ocean area. Although this strategy considerably decreases the risk to humans, controlled re-entry
is a costly and difficult operation that should only be used as a last resort. The spacecraft can also be
moved into a graveyard orbit, a long-term storage orbit above 2,000 km, as a backup option. However,
this strategy is also expensive and not a good long-term fix. Redesigning the spacecraft before it is built
to lower the chance of human casualties upon re-entry is the best case scenario from the perspectives of
orbital debris mitigation and reduction of human risk. All space users must adhere to the authorized
international mitigation standards.
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