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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard prescribes requirements for planning, executing manoeuvres, and
operations for the post-mission disposal of a spacecraft operating in or crossing Low Earth Orbit.
Included are requirements relating to the initiation and successful execution of these disposal actions.
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INTERNATIONAL STANDARD

ISO 16164:2015(E)

Space systems — Disposal of satellites operating in or
crossing Low Earth Orbit

1 Scope

This International Standard focuses on the post-mission disposal of spacecraft operating in, or crossing,

Low
with

Post
oper
intern

For 4
ensu
prefd

a)

1

Eartir Orbit {EEO)Thedisposat of orbitat taurnchr stages operating i, or crossing, LEqG
in this International Standard.

mission disposal of an Earth-orbiting spacecraft broadly means removing the-spacec
htional orbit after the end of mission, manoeuvring it to a region of space where it is

spacecraft operating in, or crossing LEO, there are six disposal @ptions that migh
re its compliance with orbital debris mitigation requirements (as stated in ISO 24113]
rence, these are the following:

etrieving it and performing a controlled re-entry to recoverit safely on the Earth;

b)

c)

d)

f)
q

This

b)

q

anoeuvring itin a controlled manner into a targeted ré<entry with a well-defined imp
n the surface of the Earth to limit the possibility of htimman casualty;

anoeuvring it in a controlled manner to an orbitthat has a decay lifetime short enoug
rbital debris mitigation requirements;

ugmenting its orbital decay by deploying-a device so that the remaining orbital life]
nough to meet all orbital debris mitigation requirements;

llowing its orbit to decay naturally,’given that all orbital debris mitigation requirem
et without the need for a disposal manoeuvre or other action;

anoeuvring it in a controlteéd manner to an orbit with a perigee altitude sufficiently aH

enter the LEO protected region within 100 years.
International Standard specifies requirements for the following:

anning for‘disposal and passivation of spacecraft operating in LEO to ensure that fi

anoewvie required,

electing a disposal orbit where the spacecraft will re-enter the Earth’s atmosphere wit

fere or collide with other operational spacecraft or with orbital debris and passivating.

is not dealt

raft from its
ess likely to

r be used to

. In order of

hct footprint

h to meet all

ime is short

ents will be

ove the LEO

rotected region (i.e. a graveyard orbit) that long-term perturbation forces do not cause it to re-

a) pl nal disposal
%sufﬁciently characterized and that adequate propellant will be reserved for any

r propulsive

hin the next

J)

25-years; or where the spacecraftwillnotre-enterthe protected regionwithin thenext1

0-years,and

estimating, priortolaunch,a90 % orbetter probability of successfully executing the disposal manoeuvre.

Techniques for planning and executing space hardware disposal are provided that reflect current
internationally accepted guidelines and consider current operational procedures and best practices.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 23339, Space systems — Unmanned spacecraft — Estimating the mass of remaining usable propellant
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ISO 24113:2011, Space systems — Space debris mitigation requirements

[SO 27852, Space systems — Orbit lifetime estimation

ISO 27875, Space systems — Re-entry risk management for unmanned spacecraft and launch vehicle
orbital stages

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 24113 and the following apply.

31

ballistic co
product of {
the mass (C

3.2

decay phas
period that

ends when

Note 1 to ent

3.3

disposal manoeuvre

action of md

3.4
disposal or]
orbit in whi

3.5
graveyard {
disposal orH

3.6
passivation
act of perm
controlled s
4 Symbg
Z

dv

pfficient
he coefficient of drag and the average velocity-normal cross-sectional area-dividg
iA/m)

g
begins at the end of life of a spacecraft, when it has been placed into.its disposal orbif]
he spacecraft has performed a re-entry

Fy: Only applies for spacecraft performing re-entry.

ving a spacecraft to its disposal orbit

bit
th a spacecraft resides following the completion of its disposal manoeuvre

prbit
it which locates a spacecraft outside of the protected region

bquence

)ls and abbréviated terms
altitude'above the surface of a spherical Earth

délta'velocity

anently depleting or-making safe all remaining on-board sources of stored energy] i

d by

, and

EOMDP
GEO
LEO

SDMP

end of mission disposal plan
geostationary orbit
Low Earth Orbit

space debris mitigation plan

5 LEO protected region

The LEO protected region, defined by ISO 24113 and indicated in Figure 1, is the volume within a shell that
extends from the surface of a spherical Earth (with a radius of 6 378 km) up to an altitude (Z) of 2 000 km.
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Orbits in the LEO protected region tend to have a wide range of starting inclinations. In addition, due
to the proximity of the Earth, orbits tend to be strongly perturbed, which cause their parameters to
quickly change from the initial conditions. The combination of these two effects means that, while some
orbits are more popular than others, any orbit within this volume can be populated.

s =~ Z =2000km

Z ceo - 200 km

Z g+ 200 k

. ) /
N\ . ‘ V2
. e~ -~
Key
1 Earth
2 equator
3 LEO region
4 GEO region
Z  fltitude measured with respect to a spherical Earth whose radius is 6 378 km

ZEo faltitude of the geostationary orbit with respect to a spherical Earth whose radius is 6 378 km

NOTH The dimensions in the figure aremot to scale.

Figure 1 — View in the equatorial plane of Earth and the LEO and GEO protected regions
(not to scale)

6 Primary requirements

6.1 | General

If it is possible within the constraints of the design of a spacecraft, the following sub-clausgs define the
primary,requirements to be placed on the operator of the spacecraft.

6.2 Ensuring execution of disposal actions

6.2.1 Toensurethatadisposal planis sufficiently characterized and that adequate propellantis reserved
for any propulsive manoeuvre required, an end of mission disposal plan (EOMDP) shall be developed,
maintained, and updated in all phases of a spacecraft mission.

6.2.2 The EOMDP shall form part of the Space Debris Mitigation Plan (SDMP) for the mission.

© IS0 2015 - All rights reserved 3
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6.3 Priority in selection of a disposal option

6.3.1 The order of priority in choosing a spacecraft’s disposal option is listed in ISO 24113:2011, 6.3.3.2.
When selecting one of the six disposal options, i.e. a) to f), the decision shall be justified and documented
in the EOMDP.

NOTE A graveyard orbit is the least favourable option for disposing of a LEO spacecraft. The selection of a
graveyard orbit is usually only attractive for LEO spacecraft in orbits whose perigee altitude is between 1 400 km
and 2 000 km at end of mission. At lower perigee altitudes, disposal orbits with orbital lifetimes of less than 25
years would be more cost-effective. Since missions with perigee altitudes between 1 400 km and 2 000 km are

currently rar

e, the selection of this disposal option is infrequent.

6.3.2 The
of the space

6.3.3 Ifth
either dispo

option f) “mloving to an orbit above the LEO protected region” shall be selected as'the disposal meth

6.3.4 Irres
mission, if d

6.4 Post-

6.4.1 Ifa
atmospherig

this orbit, thle post-mission lifetime of this orbit shall beJéss than 25 years.

This clarifig
the LEO prg
presence in

NOTE
a time period

6.4.2 The
6.5 Time|

6.5.1 As s
remain outs

The 25-year duration is an upper‘limit. It is preferable to reduce the decay phase duration to as

EOMDP shall also include an estimate of the casualty risk posed by the uncontrolled re-
Craft.

e casualty risk for uncontrolled re-entry exceeds that specified by an approving agent,
sal option a) “retrieval and re-entry” or disposal option b) “targeted re<entry” or dis

pective of which disposal option is selected during the design-of the spacecraft, at e
sposal can be achieved through a more preferable option, that option shall be impleme

mission lifetime

spacecraft is placed into a disposal orbit with a périgee altitude below 2 000 km, for
re-entry of the spacecraft is the eventual objegtive then, regardless of how it came to

s the meaning of ISO 24113:2011, 6.3:3;1 in which it states that a spacecraft operati
tected region, with either a permahent or periodic presence, shall limit its post-mi
the LEO protected region to a maximum of 25 years from the end of mission.

as possible.
consequence of a re-entering spacecraftimpacting on the Earth can be controlled with ISO 27
in graveyard orbit

pecified<n 1SO 24113:2011, 6.3.3.2, if placed into a graveyard orbit, the spacecraft

6.5.2 Whd

de of,.and not interfere with, the LEO protected region for a period of at least 100 yeary.

entry

then

bosal
od.

nd of
hted.

Vhich

be in

ng in
5sion

small

/875.

shall

n cplpr‘ring dicpnq;ﬂ option F) a gmvpvard orbit_a lnng-‘rprm (;l‘r least 1ﬂﬂ-qur) o)

"bital

perturbation analysis shall be conducted (and documented in the EOMDP) to ensure that the disposal
orbit is not altered, particularly by solar and lunar gravitational forces, in such a way that the disposed
spacecraft will enter the LEO or GEO protected regions within 100 years.

6.6 Extendable antennas in graveyard orbit

Where possible, if a graveyard orbit has been selected, prior to end of life of the mission, any large
extendable antennas should be retracted or furled in order to reduce the possibility of collision with

other object

S.
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Passivation

6.7.1 After the completion of all other disposal actions, and as soon as is safely possible, a spacecraft
that is not performing a controlled re-entry shall be passivated.

6.7.2 Details of the passivation procedures shall be documented in the EOMDP.

6.7.3 Passivation should be completed independent of the success or failure of other aspects of the disposal.

6.7.

If the spacecraft is to perform a re-entry, it is recommended that any remaini

g on-board

prop

NOTH
ISO1

6.8

6.8.1
succq

6.8.2
disp

6.8.3
succq

7 1
7.1

7.1.1
shall

7.2.%
prioy

7.2
As a

ellant be used to further reduce the decay phase duration.

Further passivation-related requirements concerning the design of the spacecraft cang be found in

H127.

Probability of successful disposal

As specified in ISO 24113:2011, 6.3.1.1, a spacecraft shall be designed such that the pjrobability of

ssful disposal (including passivation) of the spacecraft is at least ;9 at the time disposa

Details of the design that provides the basis for the{estimate of the probability ¢
sal shall be documented in the EOMDP.

The probability of successful disposal shall be evaluated as conditionally weighted
pss, as described in ISO 24113:2011, 6.3.1.2.

Disposal planning requirements
General

Planning activities whigh define at a high-level the post-mission disposal actions to b,
start during the mission design.

It is recommended that planning for disposal actions at a detailed-level begins at leag
to the date of disposal in order to allow sufficient time for the planning to occur.

Documentation of disposal plans

mininum, the EOMDP shall include the following:

is executed.

f successful

on mission

e performed

t six months

a) detdils of the nominal mission orbit;

b) a statement of the chosen disposal method (retrieval, controlled re-entry, controlled decay,
augmented decay, natural decay, or graveyard orbit) and the basis for selection of that method;

c) details of the passivation operations required, including actions and timelines;

d) estimates of the propellant, power, controllability, and communications required for any
disposal manoeuvre;

e) identity of systems and capabilities required for successful completion of each disposal action;

f) criteria for initiating each disposal action;

g) timeline for initiation and execution of each disposal action;

© ISO

2015 - All rights reserved


https://standardsiso.com/api/?name=e3c9212baf6ce1f3bc860761d9d8c5da

ISO 16164:2015(E)

h)

notification; and

and possible.

7.3 Procedure for planning for disposal

7.3.1 General

those individuals and/or entities to be notified of the end of mission and disposal and a time line for

plan and timeline for retracting or furling any large expendable antennas, where this is applicable

The following steps shall be followed when planning for disposal

a) Estimate the ballistic coefficient (CdA/m), having selected the most appropriate Matt
(e.g. spqdcecraft tumbling). A description of this technique is given in ISO 27852.

b) Predict|the orbit lifetime of the nominal mission orbit beginning at the end-of-life. No fu
planning is required if the predicted orbit lifetime based on one of the metheds describ
ISO 27852 is within 25 years. However, when feasible, it is recommended that the approach in
be implemented to reduce the decay phase duration to as small a time perjed-ds possible.

c) If the lifetime estimation is greater than 25 years, select which of the disposal options list
ISO 241113:2011, 6.3.3.2 is to be used.

NOTE Annex A provides a flowchart to illustrate this procedure in.m@re detail. Specific requirement

given in the f

bllowing sub-clauses.

7.3.2 Manoeuvring to a lower altitude orbit

7.3.2.1 Si

predetermir

NOTE

7.3.2.2 Th
argument of]

NOTE1 T

NOTE2 T
eccentricity
years can be

It
two-burn Ho

ngle- or multiple-burns should be performed-at apogee to lower the perigee altitude t
ed value that ensures an orbital lifetimecof less than 25 years.

has been proven through numerical sifnulations that this approach requires less propellant t|
hmann type transfer, which lowers(bgth apogee and perigee, to ensure a lifetime less than 25 y

e perigee-lowering burn(s)should be executed near a predetermined time such that theg
perigee is in a direction whete the perigee height can be decreased by solar radiation pres

is is likely to be at oriclese to either 90 degrees or 270 degrees.

tude

rther
bd in
6.7.4

bd in

S are

b the

han a
ears.

new
sure.

Iis optimum eccéntricity vector can shorten the 25-year lifetime by 1 % to 20 %, depending on i
ind perigee altitude. Consequently, the amount of required delta-V for ensuring decay wit
significantlyreduced.

7.3.3 Augmenting the decay by deploying a device

nitial
in 25

7.3.3.1 Orbital decay can be augmented through the use of drag enhancement devices, such as bal
or parachutes.

oons

7.3.3.2 The average ballistic coefficient of the spacecraft with the drag enhancement device deployed
shall be estimated.

NOTE T

he new ballistic coefficient is determined using the same method described above.

7.3.3.3 Depending on the effectiveness of the drag enhancement device, it can also be necessary for the

spacecraft t

o perform an apogee burn to lower its perigee altitude.

7.3.3.4 The deployment of the drag device and the apogee burn, if needed, should be timed as described

in 7.3.2.2 fo

6

r achieving the initial optimum eccentricity vector.
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7.3.3.5 An assessment of the device is recommended to demonstrate that either the device will
significantly reduce the collision risk of the spacecraft by the reduction of the orbit lifetime or that the
device will not cause other spacecraft or large debris to fragment if a collision occurs while the spacecraft
is decaying from orbit.

7.3.4 Manoeuvring to a higher altitude orbit

7.3.4.1 For a spacecraft orbiting within the LEO protected region, at least two disposal manoeuvre
burns will be required to raise both the perigee altitude and the apogee altitude of the orbit above the
protected region.

7.3.4.2 When selecting the new altitude for the apogee, care should be taken to ensurg it does not

inter
the G

7.4

7.4.1
EOM

NOTH
pows

7.4.2

7.4.3
prob
foreg

NOTH

fere with the LEO protected region for a period of at least 100 years (6.5), and does'not e
EO protected region.

Criteria for executing disposal actions

DP, and monitored throughout the mission life.

Examples are estimated amounts of propellant remaining, redundancy remaining, statu
I, status of systems critical to successful disposal, and time required to execute each disposal

Projections of mission life based on these criteria;shall be estimated throughout the

Ifitis determined thatthe impact of executinga particular disposal action will resultin
hbility of the spacecraft causing debris within the protected region then it shall be a
o that disposal action.

1

propuilsion system, which is deemed likély)to result in a catastrophic loss of the spacecraft. In this

be be

NOTH
mang

7.5

7.5.1

tter not to use the propulsion system and hence, not to execute the disposal manoeuvre.

2 Annex B provides a flowchart to illustrate this procedure for performing a post-mis
euvre.

Contingency planning

In the event that the systems and capabilities required for the successful completio}

[as idlentified<in 'section (e) of the EOMDP] stop functioning prior to the end of the missio

nece

ssary.to.develop and carry out a contingency plan.

7.5

The cantingency pl;m shall identify steps ta remave the Qpnrnrrnft from the protecte

Specific criteria for the initiation of each disposal action shall-be developed, incl

An example of this is the scendrio where, after launch, a problem is identified with|

ncroach into

uded in the

5 of electrical
hction.

mission life.

hn increased
cceptable to

the de-orbit
rase, it would

sion disposal

h of disposal
n it shall be

H region and

passivate it before any further critical systems are lost.

7.5.3

NOTE

In this situation, best efforts should be taken to lower the orbital perigee altitude as much as possible.

possible eventualities would be infeasible.
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8 Disposal manoeuvre requirements

8.1 Guidelines for calculating the disposal manoeuvre

If it is necessary for the spacecraft to perform a disposal manoeuvre, the dV requirement of the
manoeuvre shall be calculated based on the predicted end of mission orbit of the spacecraft, and the
required decay or graveyard orbit, according to the steps in 7.3.

8.2 Computing the decay orbit lifetime

aancalactad fo ca

Ifthe spacecr

NOTE IS

8.3 Comyp

8.3.1 Ifth
outside of th

NOTE IS

8.3.2 The
changing mj§
bound of thg

8.4 Estin

8.4.1 Ifth
usable prop

8.4.2 Calc

8.5 Prop

Propellant d
final orbit o

8.6 Deterl

If the spaceq
a controlled

o ach n a ranm ot oo b oo andtetbh o tba docoyy ol e a chall b na
ditlIIdo T uIrocvictiieUuivl aIrt bl\—lll\.lol.lll\'l ICIC CIILT -y CIICITUITC \.l\'\'bl-y VUILIJVIVITICUIIIIC OlIdIT UC CUIIT

0 27852 describes some appropriate methods for achieving this.
juting the time in graveyard orbit

e spacecraft has been selected for a graveyard orbit, then the time thatthe spacecraft ren
e protected region shall be calculated.

0 27852 describes some appropriate methods for achieving this.

time duration in the graveyard orbit shall be counted ffom the point at which the ¢
inoeuvre is complete to the first time at which the perigee of the orbit is less than the y
LEO protected region.

jating propellant reserves

e spacecraftis to perform a disposal manqeuvre, itis necessary to ensure that there is suffi
ellant to perform the manoeuvre.

plation of propellant reserves can-be done in accordance with 1ISO 23339.

pllant depletion

epletion can affect the spacecraft’s orbit. The effects the depletion action will have o
[ the vehicle shall.bé-considered.

‘mination Whether the disposal should be a controlled manoeuvre

manaoeuvre can be done in accordance with ISO 27875.

uted.

hains

rbit-
pper

cient

n the

raft hassbéen selected for a re-entry then determination of whether the disposal shoulld be
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