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Monthly Number of Objects in Earth Orbit by Object Type
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Growth of the Earth Satellite Population

1960

Cataloged objects >10 cm diameter




Growth of the Earth Satellite Population

1965

Cataloged objects >10 cm diameter
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1970

Cataloged objects >10 cm diameter
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1975

Cataloged objects >10 cm diameter
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1980

Cataloged objects >10 cm diameter
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1985

Cataloged objects >10 cm diameter
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1990

Cataloged objects >10 cm diameter
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1995

Cataloged objects >10 cm diameter
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Cataloged objects >10 cm diameter
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2005

Cataloged objects >10 cm diameter
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Cataloged objects >10 cm diameter

15



!‘\Imtlnnml l\arnngnrir\c gnn’ Cnacre I\Hminicfrgfinn

NUALTUV G /v viiutivo Al v \)NM\J\: Ui HiloLtrAaLlivii

Why Orbital Debris Mitigation?

U.S. has endorsed the United Nations’ Orbital Debris Mitigation
Guidelines

President’s National Space Policy directs agencies and departments to
implement U.S. Government Orbital Debris Mitigation Standard Practices

To preserve near-Earth space for future generations
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NPR 8715.6A
and
NS 8719.14A
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NPR 8715.6A

« NASA Procedural Requirements for Limiting Orbital Debris, NPR 8715.6,
was approved in August 2007 and replaced NASA Policy Directive
8710.3B

— Highest level NASA document on orbital debris mitigation

* Orbital Debris Assessment Reports are required in conjunction with the
Preliminary Design Review and Critical Design Review milestones
— Format and content of the reports are set forth in NASA Standard 8719.14A

o Chapter 3.3 of NPR 8715.6A sets requirements for end-of-mission
planning and execution, including

— Passivation of spacecraft designed for reentry into Earth’s atmosphere or for
disposal about the Earth or the Moon;

— Avoidance of lunar disposal orbits; and
— Examination of potential lunar landing or crash sites.
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NASA Standard 8719.14A

« NASA Standard 8719.14 replaced NASA Safety Standard 1740.14 in
August 2007. Revised as NS 8719.14A in December 2011.

— Specifies orbital debris mitigation requirements and performance standards.

— First change in 12 years.

« NASA Standard 8719.14A contains detailed directions on how each
Orbital Debris Assessment Report (ODAR) and each End-of-Mission
Plan (EOMP) shall be prepared.

— Spacecraft and launch vehicle topics are separated for ease of preparation.
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Requirements

Limits on debris released during normal operations

Requirement 4.3-1a: All debris released during the deployment, operation,
and disposal phases shall be limited to a maximum orbital lifetime of 25 years
from date of release

Requirement 4.3-1b: The total object-time product shall be no larger than
100 object-years per mission.

Requirement 4.3-2: Debris passing near GEO: For missions leaving debris in
orbits with the potential of traversing GEO (GEO altitude +/- 200 km and +/-
15 degrees latitude), released debris with diameters of 5 cm or greater shall
be left in orbits which will ensure that within 25 years after release the apogee
will no longer exceed GEO - 200 km
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Requirements

Limiting debris generated by explosions and intentional
breakups

Requirement 4.4-1: Limiting the risk to other space systems from accidental
explosions during deployment and mission operations while in orbit about
Earth or the Moon

Requirement 4.4-2: Design for passivation after completion of mission
operations while in orbit about Earth or the Moon

Requirement 4.4-3. Limiting the long-term risk to other space systems from
planned breakups

Reguirement 4.4-4: Limiting the short-term risk to other space systems from
planned breakups
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Requirements

Limiting debris generated by generated by on-orbit collisions

Requirement 4.5-1: Limiting debris generated by collisions with large objects
when operating in Earth orbit

Requirement 4.5-2: Limiting debris generated by collisions with small objects
when operating in Earth or lunar orbit

Postmission disposal of space structures

Reguirement 4.6-1: Disposal for space structures in or passing through LEO

Requirement 4.6-2: Disposal for space structures near GEO
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Requirements

Limiting surviving debris from Earth atmospheric reentry

Requirement 4.7-1: Limit the risk of human casualty

Limiting risks associated with space tethers

Regquirement 4.8-1: Mitigate the collision hazards of space tethers in Earth or
Lunar orbits
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ndbook for Limiting Orbital Debris

« The Handbook for Limiting Orbital Debris is a new type of NASA
document for orbital debris mitigation.

« The handbook, NASA Handbook 8719.14, provides additional technical
background information on a wide variety of orbital debris environment
and mitigation topics.

« The handbook is divided into seven major sections:

— Current Orbital Debris Environment

— Future Environment

— Measurements of the Orbital Debris Environment
— Modeling the Orbital Debris Environment

— Micro-Meteoroid and Orbital Debris Shielding

— Mitigation

— Reentry
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NASA Debris Assessment Software
(DAS)
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Introduction

The NASA Debris Assessment Software (DAS) is actually a set of
custom tools designed to assist space programs and projects in
preparing orbital debris assessment reports.

— Assessment requirements are described in NASA Standard 8719.14, “Process for
Limiting Orbital Debris”

— DAS 2.0 addresses most requirements point-by-point

Reasons for the upgrade to DAS 2.0 are numerous, including:

— Issuance of NS 8719.14 to replace NSS 1740.14, i.e., changes in debris mitigation
guidelines

— Improvements to the orbit propagators and debris environment model

— Improvements to the reentry survivability model and casualty estimation method
— Improvements to the user interface and documentation

— Improvements to personal computers, e.g., operating systems and capabilities
— Recommendations from users of the early versions of DAS

Download software and reference materials at;:
http://www.orbitaldebris.jsc.nasa.gov/mitigate/das.html
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User Interface

Microsoft Windows User Interface
— DAS 2.0 uses a “native” Windows graphical user interface (GUI)
— Runs on Windows 2000, XP, Vista, and Windows 7
— The GUI consolidates user input and avoids long chains of menu

“Project” Orientation
— DAS 2.0 saves the user’s input and output files as a “project” in a single directory
— Other files and directories are not affected by the projects
— Moving or sharing a project is as simple as moving or sharing the project directory

Division of Modules

— Mission Editor

— Requirement Assessments

— Science and Engineering Ultilities
— Supporting features

28
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DAS 2.0 User Interface
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; b Delta-¥ For Decay Orbit Given Area-To-Mass
- [ Delta-v Orbit to Orbit TransFer
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W TLE Converter
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Requirements

The Debriz Azsessment Software 2.0 follows the requirement

Define Payload Properites

For Help, press F1 | UM | A
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GUI: Mission Editor

The user enters most of the mission information into the Mission Editor
Most assessments are complete using only the information in the Mission Editor

@ DAS - project_leo - [Mission Editor]

FEEX

T Ele Edit wiew wWindow Help - a8 x
HEEw sxEE

e oy

e @ &

Mission Editar Requirernent Assessments Science and Engineeting

Mission Definitions

Mission Name [Sample Earth Satellite Launch Year [2005]

Mission Components

= Payloads
EC_23
—- Rocket Bodies
Delta Il B/B 2nd Stage
= Mission-Related Dehbris
Diespin Yoyos
Tether Experiment

geodeb

Qeocross Apply Changes

crosshath

neither Reject Changes

supergeo

Rerd Help
Define Payload Properites

Payload Mission Operational Operational Operational RAAN Argument of
Row | Mame Duration (yrs) Perigee Al (km) Apogee Al (k) Inclination {deg) (deq) Perigee {deq)
1 EQ_23 5 400 2500 26.5 322.5 26.5
*

For Help, press F1

MM
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~] Eile Edit Wiew ‘window Help
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Mission Editor Requirernent .ﬁ;ssessments Science and Enginesting

EBX)

-4l M5 8719,14 - Requirements & Assessment For Limiting Orbital Debris
(Requirement 4,3-1) - LEO Mission-Related Debris
(Requirement 4,3-2) - 5EQ Mission-Related Debris
{Requirement 4,4-3) - Planned Breakups
{Requirement 4.5-1 - Probability of Collision \With Large Debris
(Requirement 4,5-2) - Probabilicy of Damage from Small Debris
(Requirements 4.6-1 to 4.6-3) - Postmission Disposal
(Requirement 4,7-17 - Risk from Reentry Debris
(Requirement 4,8-1) - Mitigate the Collision Hazards of Space Tethers

For Help, press F1

Requirements
o

The Debris Assessment Software 2.0 follows the requirement
structure of NS 5719.14.

Each program or project shall atternpt to meet all perinent
requirements far its spacecraft, launch wehicle arbital stageis).
and objects released during nominal operations.

The analysis section provides calculation routines to assistin the
owerall process. The software generates an activity log for each
user's session. The activity log is a record of all user

options selected and all input and output data generated.

Denctes Requirement Assessment

Reset

ML
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GUI: Sample Requirement Assessment

DAS - project leo - [Requirement Assessme
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2 Tather Zxpermant 2008 1 00085 30
3 crossbeth 2005 1 001 37000
E] 10 E]
Bun Hz=lp | i
— Dutput
Cebris Compliance | Litetime | Object Time
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L Lespin Ya-ycs Compllant 2.4 4.5
z Tehier Experinn,,, - Cunpliant 2.7 z7
k] Cussbutll Hur-Complanl | 100.0 i
TOTAL OBJECT TIME
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tessoges
Reguirement 4.3-1
Mor-Cormpliant Fow: 3
MOTE: For Mon-Compliant Status - Rafer o Holp or Analbysis section wthin Ecicnce and Engincering Utilitics @
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These utilities allow the user to explore options in mission design and to
perform other supporting calculations

@ DAS - project_leo - [Science and Engineering Utilities] g@g|
- 0 X

] File Edit Wiew ‘window Help

W W Sk E

.:;E: f.f‘ﬁsd
:.mi €3: gﬁ

Mission Editar Requirement Assessments Science and Enginesring
- f&y Science and Engineering Utilities ”
-1 on-orbit Collisions science And Enginnering Ltilities
W& Debris Impacts vs. Orhit Alkibude
WS Debris Impacts vs. Debris Diametar B Denotes utilities capahle of producing
WS Debris Impacts vs. Dake scientific and engineering calculations.
= Analysis of Postrission Disposal Maneuvers
W Disposal by Atmospheric Reentry The Science and Engineering Utilities are
W& Maneuver to Starage Orbit intended to answer general questions of interest
W& Reentry Survivability Analysis for debris assessments that might ar might nat also
=1~ [1 orbit Evolution Analysis he covared in the specific requirement areas.
W& Apoges/Perigee Altitude History Far & Given Crhbit These utilities are divided into the following broad areas:
W& Orbit Lifetime/Dwell Time the study of meteoroid or debris impact probakilities,
- [ Delta-V Postmissian Maneuver Analysis orhital evolution, various issues inthe evolution
W& Delta-¥ for Decay Crbit Given Orbital Lifetime of reentry orhits, delta-' (requirements forwarious
be Delta-V for Decay Crbit Given Area-To-Mass types of orbit manewvers or to relate delta-Y to performance
-3 Delta-v Orbit o Orbit Transfer characteristics), and cross-sectional area calculations.

& Orbit ko Qrbit Transfer
[ other Utilties

B TLE Converker

B Calculate Cross-Sectional Area L

For Help, press F1 MLIM
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e« Customizable plots
 Material properties database
 Text activity log

 Date conversion tool

. DAS - project_leo - [DAS Plot: Apogee/Perigee Altitude History for, a Given Orbit]

T Ele Edit View Window Help
HEW sdxEERE
- )
o @5 E5 Ele Edt view Window Help NEE
Mission Editar Requitement Assessments Science and Enginesring - - = — —
53 .
Atitude 7 : : : : : [ X Alt= 462 n k E:j 19(: w @
(km) | [Apogee/Perigee Altitude History for a Given Orbit] B0z P::g::m; 455, ':'I‘-’i @5 %
1300 : B i . o . .
Mission Editor Requirement Assessments Science and Engineering
2400 Standard haterial List
Start ¥ear = 2007 .05 yr q p V.
Inclination = 56.10 deg L=teral [z
300.0-f - {RAAN = 0.00 deg Raowe | Mame (kafm~3)
rg Peri = 0.00 deg 1 Alumina 3090
Mean Anomaly = 0.00 deg
= i z2 Aluminum 1145-H19 2697
34000 3 Aluminum 2024-T3 2803.2
4 Aluminurm 2024-Taxx 26803
2000 5 Aluminum {generic) 2700
=] Alurninum 2219-Taxx Z2812.8
7 Alraicn i ENE7 FEad O v
LT e RRuERtt SETLETLREE
Close ; Help
180.0- ;
| User-Defined Material
140.0- [l Sk i— ------------------- Makerial Density Specific Heat Heat of Fusion Melt Temperature
: : : Row | Mame (kgim~3) (Ifkg-K) {3fkg) (K
: : : . 1 ULE dlass 123 776 250000 1760
490.0 + + ] + g 4
20071 2007.9 20028 20086 20105 20114  2072.3Year 2 PyT 234 1338.9 233 343.16
3 Mextel 345 741.1 233 2073.16
For Help, press FL =

For Help, press F1 UM
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Summary

« DAS is the standard method of assessing compliance with NASA'’s
space debris mitigation requirements (NS 8719.14A).

— DAS provides point-by-point assessment of a mission’s compliance with NASA'’s
requirements.

— Results from DAS may be included in reports to NASA.

— DAS provides additional tools for mission-planning and input conversion.

« The modular internal structure of the software allows for easy updates
(such as to the debris environment model or the human population
density) in the future. Solar activity forecasts are updated quarterly.

« Software and documentation are available on the NASA Orbital Debris
Program Office’s internet site:

http://www.orbitaldebris.jsc.nasa.gov/mitigate/das.html
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More than 6800 spacecraft have been placed
into Earth orbit since Sputnik 1in 1957

Currently, >3400 spacecraft remain in Earth
orbit

— ~1000 are operational; the rest are orbital debris

Small: Picosats and Microsats

— Operational lifetimes typically months
to a few years

Large: Geosynchronous spacecraft

— Operational lifetimes typically a decade or
more

<& ol
TDRS 1: 2 metric tons
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Launch Vehicle Stages

 More than 5400 launch vehicle stages
have been placed into Earth orbit since
Sputnik 1in 1957

 Currently, ~1700 launch vehicle stages
remain in Earth orbit

e Sizes range from <100 kg to 9 metric tons

Pegasus
upper stage

Atlas V Centaur stage
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Mission-related Debris

During the launch and satellite

deployment processes, some debris can
be generated, e.g., sensor and engine Ariane 5
covers, straps, springs, and yo-yo despin  gv| pa
weights Payload
Dispenser -,
Most spacecraft and launch vehicles are e 3
now designed to eliminate or limit the mE &
generation of mission-related debris ok
A

— One exception is for
multiple payload
launches, e.g., Ariane
and Delta 2




Fragmentation Debris

The majority of debris in Earth orbit have originated from the
fragmentation of spacecraft and rocket bodies.

Fragmentation events can generally be classified in one of three
categories:

— Anomalous events: Typically one or a few debris released at low velocities, often
possessing higher than normal area-to-mass ratios. Many of these debris have
short orbital lifetimes. More than 100 events identified with spacecraft and upper
stages.

— Explosions: Intentional or accidental, resulting in only a few to several hundred
large debris and many more smaller debris. Ejection velocities range from very low
to very high for a single event. Two hundred events identified.

— Collisions: Also can be intentional or accidental. Debris distributions similar to
explosions. Two major events since 2007.
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Accidental Satellite Collisions

 Four known accidental hypervelocity collisions between cataloged
objects.

— 1991:. Cosmos 1934 struck by piece of mission-related debris
— 1996: CERISE struck by piece of Ariane 1 fragmentation debris

— 2005: U.S. upper stage struck by piece of Chinese upper stage fragmentation
debris

— 2009: Collision of Iridium 33 and Cosmos 2251 spacecraft

 The first three events created very few debris. The collision of Iridium
and Cosmos 2251 resulted in more than 2000 large (trackable) debris
and many more smaller debris.

« A few low velocity collisions have also occurred during operations but
have resulted in no or few debris, e.g., Progress-M 34 and the Mir Space
Station.
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