


Zmiana liczby obiektow wokotziemskich na wszystkich orbitach.

Monthly Effective Number of Objects in Earth Orbit
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Quarterly News

International Space Station Maneuvers

Again to Avoid Debris

The International Space Station (ISS)
conducted its first Predetermined Avoidance
Maneuver (PDAM) of 2025 to mitigate
repeated high-risk conjunctions with a debris
object (International Designator 2005-024L,
Us. satellite Catalog Number 35272). The
PDAM took place at 22:10 GMT on 30 Apri
2025 and raised the altitude of the IS5 by
approximately 0.53 km. The avoided object

Insi

Overview of the Cataloged
Population over the Past
20 Years,

Meeting Reports___
Upcoming Meetings,

Menthly Effective Number

appears to be associated with the CZ-2D upper
stage (International Designator 2005-024B,
U.s. Satellite Catalog Mumber 28738) that
deployed China's 5)-7 spacecraft in 2005. This
PDAM increased the total number of collision
avoidance maneuvers conducted by the IS5 to
avoid potential collisions with objects tracked
by the U.S. Space Surveillance Network [S5N) to
atotal of 41 since 1999. #

of Objects in Earth Orbit_9

PROJECT REVIEW

Space Missions and
Satellite Box Score 10

An Updated Explosion Rate

Methodology for Long-Term Orbital

Debris Environment

A, MANIS, M. MATNEY

On-orbit accidental explosions are a
significant contributer to the growth of the
orbital debris population, comprising 214 of
the 282 historical breakups that occurred as
of the end of 2024 [1] (0DQNs: vol. 26, issue
3, September 2022, pp. 2; vol. 27, issue 1,
March 2023, pp. 1-2; vol. 27, issue 2, June
2023, pp. 1-2; vol. 27, issue 4, October 2023,
pp. 1-2; vol. 28, issue 4, October 2024, pp. 1-2;
and vol. 28, issue 1, February 2025, pp. 1). A
histogram of historical breakup events by year
through 2024 is shown in Figure 1, including all
breakup events and only accidental explosions.
On average, approximately three explosions
per year occurred from 1961 through 2024,

A publication of the
NASA Orbital Debris
Program Office (ODPO)

Modeling

In addition, fragments from accidental
explosions have historically contributed over
half of all cataloged fragments. Due to the
historical significance of explosion events,
t is important to realistically model their
behavior when assessing the future evolution
of the orbital debris environment. This project
review summarizes a new time-dependent
methodology for probabilistically assessing
future explosion rates; full details are provided
n[2].
MNASA’s LEO-to-GEO Envirenment Debris
(LEGEND) maodel is a long-term evolutionary
model spanning low Earth orbit (LEO) to
geosynchronous orbit (GEQ) altitudes. It was
developed by the NASA Orbital Debris Program
continued on page 2
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Zmiana liczby obiektow wokotziemskich na wszystkich orbitach.

Evolution in All Orbits
Description

Payload

Payload Fragmentation Debris
Payload Debris
Payload Mission Related Object

Rocket Body

Rocket Fragmentation Debris
Rocket Debris

Rocket Mission Related Object
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Zmiana liczby oraz masy obiektéw umieszczanych na orbicie.
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Rozklad gestosci przestrzennej tadunkow Rozklad gestosci przestrzennej obiektow
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Liczba Sledzonych fragmentoéw powstatych w wyniku rozpadow.

Resulting Fragments from Events
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Srednio utrzymuje sie poziom 10.5 przypadkowych rozpadow rocznie
w latach 2005-2025.

Srednio tylko 1.7 rozpadéw generuje fragmenty,
ktore przebywajg na orbicie diugo.

Wiekszosc¢ rozpaddow nie jest spowodowana kolizjami.

Przyktadowo w roku 2024 zarejestrowano tgcznie ok 3000 nowych fragmentow,
ktore zostaly przypisane rozpadom z tego roku.



Inter-Agency Space Debris Coordination Committee

- s o HE= gy =
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IADC to miedzyrzadowe zrzeszenie 13 agencji kosmicznych (w tym ESA,
ale bez PAK) zalozone w 1993r, ktore ma koordynowac wymiane informacji
w sprawie Smieci kosmicznych i ktére w 2020r opublikowato zestaw zalecen.

Inter-Agency Space Debris Coordination Committee.
Space Debris Mitigation Guidelines,
IADC-02-01, Revision 4, 2025

Zgodnie z zaleceniami IADC satelity w obszarze LEO powinny ograniczy¢ czas
swojego przebywania na orbicie do maksymalnie 25 Iat.

Wg. raportu ESA 84-99% satelitow ponizej 1000kg oraz
52% powyzej 1000kg spetnia te zalecenia.



Zmiana liczby kontrolowanych i niekontrolowanych deorbitacji gérnych cztonéw rakiet.
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Zmiana liczby spadkow i deorbitac;ji

Re-entering Objects Description

Payload

Payload Fragmentation Debris

Payload Debris

Payload Mission Related Object
Rocket Body

Rocket Fragmentation Debris
Rocket Debris

Rocket Mission Related Object
Unidentified
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Srednio 3.3 dziennie.




Sumaryczna (skumulowana) liczba kolizji na niskich orbitach

— 2025,No further launches
— 2025,Extrapolation
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Table 1.2: Ranges defining each orbital class, with semi-major axis a, eccentricity e, inclination 4, perigee height
h, and apogee height /.. The units are km and degrees.

Orbit Description Definition

GEO Geostationary Orbit i €0,25] hy € [35586, 35986] ha € [35586, 35986]
IGO Inclined Geosynchronous Orbit  « € [37948, 46330) e € [0.00, 0.25] i€ [25,180]

EGO Extended Geostationary Orbit  « € [37948, 46380) e € [0.00,0.25] i€ 0,25

NSO Navigation Satellites Orbit i € [50,70] hy, € [18100, 24300) ha € [18100, 24300
GTO GEO Transfer Orbit i € [0,90] h, € [0,2000] ha € [31570,40002]
MEO Medium Earth Orbit h,, € [2000, 31570] ha € [2000, 31570

GHO GEO-superGEOQ Crossing Orbits 7, € [31570,40002] h, > 40002

LEO Low Earth Orbit hy, € [0, 2000] ha € [0,2000]

HAO High Altitude Earth Orbit hyp > 40002 ha > 40002

MGO MEOQO-GEO Crossing Orbits h,, € 2000, 31570] h, € [31570, 40002
HEO Highly Eccentric Earth Orbit hy, € 10, 31570] h, > 40002

LMO LEO-MEO Crossing Orbits hyp € [0, 2000] ha € [2000, 31570]
UFO Undefined Orbit

ESO Escape Orbits

Table 1.3: Ranges defining each protected region, with altitude » and declination 4. The units are km and degrees.

Orbit Description Definition
LEOjapc IADC LEO Protected Region h € [0,2000]
GEOjapc IADC GEO Protected Region h € [35586,35986] 4§ € [—15,15]




Sytuacja z obiektami skatalogowanymi

pdf


w02/2025_skatalogowane.pdf

Model ESA MASTER

ESA HASTER-2089 Hodel
3D spatial density distribution wvs, 5.0, Altitude and 5.D, Declination
Global Average: 6,1498E-84 [1/kn"3]

Spatial Density [1/kn"3]
0.080025

8.0082

08,00015

8.0001

5.0, Altitude [knl

Meteoroid and Space Debris
Terrestrial Environment Reference

Cyfrowy model opisujgcy prawdopodobny
rozklad mas, rozmiarow i orbit

dla obiektéw wokoétziemskich o rozmiarach
od 1 mikrona do 100 m

w celu szacowania ryzyka zderzen.

Najnowsza wersja 2408
opisuje stan na 2024-08-01



Model ESA MASTER
Model ten uwzglednia nastepujace zrddta smieci kosmicznych:

* fragmentacje na orbicie (zderzenia i wybuchy)

» odpalenia silnikdw na paliwo state

 uwolnione chtodziwo reaktoréw jadrowych

» degradacja powierzchniowa satelitow | Smieci

« fragmenty wyrzucane podczas niewielkich zderzen

* naturalne meteoroidy sporadyczne oraz zmienne w czasie strumienie

>1mm

Przyktadowa wizualizacja
(oczywiscie bez zachowania skali rozmiaréw)




Sytuacja z obiektami nie-skatalogowanymi

Stan w modelu MASTER na 2024-08-01:

54 000 obiektow wiekszych niz 10 cm (ok 9300 aktywnych)
1.2 min obiektéw od 1 do 10 cm

130 miIn obiektow od 1 mm do 1 cm



MASTER reference population: 01/08/2024
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Catkowita liczba obiektow
przebywajacych w rejonie LEO
(na state lub przecinajgcych
ten obszar) wiekszych niz
dana Srednica rownowazna.
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Zmiana gestosci przestrzennej w rejonie LEO

MASTER reference 10 cm populations MASTER reference 1 cm populations
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2. SPACE ENVIRONMENTAL HISTORY IN NUMBERS
3. ENVIRONMENTAL STATUS 2024

4. INTENTIONAL OBJECT RELEASE

5. FRAGMENTATION HISTORY

6. END-OF-LIFE OPERATIONS HISTORY

pdf


w02/Space_Environment_Report_I9R1_20251021.pdf
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