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Foreword

ISO (the Inte
bodies (ISO
through ISO

rnational Organization for Standardization) is a worldwide federation of national standards
member bodies). The work of preparing International Standards is normally carried out
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.

The procedy

described i
different ty
editorial ru

Attention is

tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v e "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may\be the subj¢ct of

patent rightss. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The commit
SC 14, Space

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

tee responsible for this document is ISO/TC-20, Aircraft and space vehicles, Subcomnittee
systems and operations.
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Introduction

A launch vehicle stage plays a critical role in moving a spacecraft toward or into its final mission
orbit. Once the spacecraft has been delivered to the desired orbit, the stage can be separated from the
spacecraft. If the stage itself is in orbit and is deactivated at this point, it becomes another object added
to the growing population space debris — an uncontrolled object that may threaten operating satellites
for the remainder of the stage’s orbit lifetime. And a launch vehicle stage may also be a source for large
numbers of smaller threatening objects if residual propellants, pressure vessels or other sources of
stored energy explode or if it is involved in a collision with another object.

This drternational-Standard—ineone-ofseveral-standardsfeocusedonmintmizing-thegrowth of space
debr|s, and removing orbital launch stages from orbit or moving them to non-threatenjng prbits at the
end ¢f their missions is an important component of this strategy. This International Standard provides
guidance on how a spacecraft owner and a launch service provider can work-together to develop
spacecraft deployment options leading to removal of an orbital launch stage either by re-gntering the
stage into the atmosphere in a short time or by leaving the stage in or moving:the stage to an orbit that
does|not intersect regions of heavy use by satellite missions for a very long time. This Ipternational
Stanglard also calls for eliminating all sources of stored energy remainjng in the stage priqr to its final
disp@sal (except in cases where the stage will execute a controlled re-entry into the atmosphere).

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 16699:2015(E)

Space systems — Disposal of orbital launch stages

1 Scope

This International Standard focuses on disposal of launch vehicle stages used during launch of
spacecraft to be operated in space where the orbital launch stages are left in orbit after the spacecraft
are released.

End-
protq
user
a spé
boar
eithe

pf-mission disposal of launch vehicle orbital stages broadly means removing the stag
bcted regions of space (see ISO 24113) so as not to collide or otherwise interfere wi
b of those protected regions in the future. ISO 24113 also requires that “During the dis
cecraft or launch vehicle orbital stage shall permanently deplete or make'safe all re
d sources of stored energy in a controlled sequence.” These “passivation” actions 4
r accomplished in the course of disposal, or immediately follow the.disposal operat

docujment, the term “disposal actions” refers to both disposal manoeuvres and to passiva

es from the
th the other
posal phase,
maining on-
re typically
ions. In this
tion actions

(notg: passivation actions are not required after the final manoeuvre/leading to a controlled re-entry).
ISO 24113 provides six options for spacecraft or orbital launch stage disposal. This International
Stanglard specifies techniques for planning and executing disposal of orbital launch stages that are
cons|stent with ISO 24113 requirements, reflect current.internationally accepted guiglelines, and
consjder current operational procedures and best practices:

2 Normative references

The following documents, in whole or in part;*are normatively referenced in this docunient and are
indigpensable for its application. For datéd-references, only the edition cited applies. For undated
referjences, the latest edition of the referehced document (including any amendments) applies.

[SO 44113:2011, Space systems — Space debris mitigation requirements

ISO 47852, Space systems — Estiination of orbit lifetime

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

3 Terms anddéfinitions

For the purpoese of this document, the terms and definitions given in ISO 24113:20l1, and the
folloWing apply.

3.1

decay orbit

orbit which will result in the re-entry of the space system within a specified time

3.2

decay phase

period that begins at the end of the operational phase of a space system, when it has been placed into its
decay orbit, and ends when the space system has performed a re-entry

Note

3.3

1 to entry: This only applies for space systems performing re-entry.

deorbit manoeuvre
action of moving a space system to a new orbit that will cause the space system to re-enter the atmosphere

© ISO

2015 - All rights reserved
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controlled re-entry
manoeuvring a space system in a controlled manner into a targeted re-entry with a well-defined impact

footprint on the surface of the Earth to limit the possibility of human casualty

Note 1 to entry: This generally means that the object will re-enter the Earth’s atmosphere less than one orbit
revolution from the time of initiation of the final deorbit manoeuvre.

3.5

graveyard orbit region

orbit region outside of protected regions such as LEO and GEO

3.6

orbital launch stage

launcher or
only the lasf

3.7
passivation
elimination

Note 1 to en
discharging I

3.8
uncontrolld

re-entry whiere no specific manoeuvre is used to control the time'and location of the re-entry poinft

Note 1 to ent

4 Abbre
EOMDP
GEO

LEO

OLSDP

5 Prima

Controlled 1
entry is not

bd re-entry

feasible:

viated terms

ry requirements

bital propulsive element that is discarded by the time the payload reaches ofbit, us
propulsive element

of all stored energy on a space system to reduce the chance of break-up

try: Typical passivation measures for spacecraft include venting ©r burning excess prope
atteries, and relieving pressure vessels (see ISO 16127 for examples).

"y: Therefore, the re-entry time and location of the space object are random and unknown.

end-of-mission’ disposal plan
geostationary Earth orbit
low~Earth orbit

orbital-launch-stage disposal plan

e-entryns/the baseline approach; all other options should only be used if a controlle]

ually

llant,

d re-

5.1 Laun

1 s | /D A | P | A3 43
I PIUoviucTl /T dyluddd UWIITI LUUITUIIdluIil

The spacecraft mission designer and the launch provider shall jointly design the launch phase of the
mission to enable disposal of the orbital launch stage. Specifically:

a) The spacecraft mission designer shall specify the desired injection conditions to the launch

service

provider.

b) Usingthe information provided by the spacecraft mission designer, the launch service provider shall
develop a candidate launch and spacecraft injection scenario and for that scenario shall provide the
final orbit parameters after final engine cut off and an estimate of the orbit lifetime of all orbital

launch stages released during launch and injection of the owner’s spacecraft (see ISO 27852).

c) The launch service provider shall estimate the casualty expectation for an uncontrolled re-entry
of all orbital stages provided by the launch service provider for which a controlled re-entry is not

© ISO 2015 - All rights reserved
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planned. The casualty expectation for an uncontrolled re-entry of each launch vehicle stage shall
be computed as specified in ISO 27875.

The launch service provider and the spacecraft mission designer shall iterate on the payload
separation / injection conditions and select separation / injection conditions such that the spent
stage can meet an appropriate disposal requirement as specified in ISO 24113. As an example, once
the spacecraft mission designer has specified a desired injection orbit, the launch provider may
then present options (if available) for orbital launch stage disposal. In some instances, the specified
injection orbit may not lead to satisfactory disposal options. The launch provider and the spacecraft
mission designer may then explore alternative injection orbits that offer better conditions
for disposal of the orbital launch stage. If the spacecraft is to perform significant propulsive
MWWange, etc.),
then an alternative injection orbit may yield equivalent results and be acceptable to the spacecraft

ission designer. A typical example would be a trade-off between orbital inclination [and perigee
{ititude for a transfer orbit injection in which the velocity required to achieve the spagecraft final

rbit remains unchanged. This type of coordination can lead to mutually‘beneficial |solutions in

lerms of mission objectives and orbital launch stage disposal.

H Responsibility for the orbital stage disposal remains with the LS-provider.

Selection of disposal option

orbit region.

f the orbital launch stage after payload separation will bejin‘an orbit with a perigee alt
han 2 000 km and a controlled re-entry is not planned,.the casualty expectation for 3
entry of the launch vehicle stage shall be computed byan acceptable method (e.g. see I

isk shall be set in accordance with norms issued by approving agents.

)

If the casualty expectation is lower than the value specified, the stage may be plad
orbit that will decay within 25 years-(see ISO 27852).

If the casualty expectation ex¢eeds the value specified, the stage shall be either
re-enter and impact in a wel-defined impact footprint on the surface of the E3
the possibility of human‘easualty via a controlled deorbit manoeuvre or shall be
graveyard orbit region.

f the orbital launch stage is to be left in an orbit where disposal by orbit decay or cc
ntry are not available options, the orbital launch stage shall be left in or moved to a fin

cases except.controlled re-entry, the stage shall be passivated after the nominal deca

manoeuvre leading to a controlled re-entry. Should there be an anomaly and disposal

can

5.3

t be accomplished, passivating the upper stage will lower the risk posed to operation
NOTI s it ] : bt bt chrr s ficterrts

itude of less
random re-
0 27875).

‘or the re-entry of an orbital launch stage (or any.part thereof), the maximum acceptable casualty

ed in a final

directed to
rth to limit
moved to a

ntrolled re-
Wl graveyard

y or sending

e graveyard orbit region is reached. Passivation is not required after successful complletion of the

manoeuvres
hl systems.

Disposal manoeuvre planning and documentation

ssivation.

An orbital-launch-stage disposal plan (OLSDP) shall be developed, maintained and updated in all phases
of mission and launch system design and shall be included in the overall end-of-mission disposal plan
(EOMDP) defined in ISO 24113. The OLSDP shall include:

a)
b)

details of the nominal orbit where the orbital launch stage is to be separated from the payload;

a statement of the stage disposal method to be utilized (retrieval, controlled re-entry, uncontrolled

re-entry, or sending to the graveyard orbit region) and background information supporting the
selection of this method;

© ISO
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f)

identity of systems and capabilities required for successful completion of the stage disposal action;

estimates of the propellant, power, controllability, and communications required for any stage
disposal or re-orbit manoeuvre;

verification that the selected mission design leaves the orbital launch stage with sufficient
propellant, power, controllability, and communications capability for disposal after payload
separation in order to meet the probability of successful disposal requirement specified in 5.4;

if controlled re-entry is selected, identification of the geographic area where the stage will re-enter

and debris will impact the Earth’s surface;

if contr
individy

g)

h) the play

as the d

if a deci

blled re-entry is selected, a time line for the disposal and re-entry action and a list of.{
lals and/or entities to be notified prior to the disposal action and a timeline for notific

and timeline for passivating the orbital launch stage if controlled re-entry is\not selg
isposal option;

sion is made to move to a graveyard orbit, documentation describing the-final orbit an

rationale for its selection, including confirmation of the completion of the disposal actions.

5.4 Relia

The launch
the disposa
exceeds 0,9
the basis fol
an example

5.5 Crite
Orbital laun

Ifitis detery
of the orbit
forego the p
is identified|
of the orbit4
not to execy
orbital laun

5.6 Conti

bility for disposal

mission and orbital launch stage shall be designed such¢that the probability of compl

action, which is the conditional probability weighted on the mission success equg
ht the nominal time the disposal action is to be exectted. Details of the design that pro
" the probability estimate shall be included in the OLSDP (see ISO 24113:2011, Annex
pf how this probability may be computed).

ria for executing disposal action
ch stage disposal shall be scheduled'as.soon as practical after completion of its missio

hined that the impact of executingithe disposal action will result in an increased proba
il launch stage causing debris within the protected region, then it shall be acceptal
redefined disposal action AAn example of this is the scenario where, after launch, a pro|
with the de-orbit proptlsion system that is deemed likely to result in a catastrophid
1 launch stage. In this case, it would be better not to use the propulsion system and
te the disposal actien:) In all cases, if the nominal disposal action cannot be executec
Ch stage should Bepassivated.

gency planning

Should insuffficient \propellant remain or a system or other failure prevent execution of the pri
disposal actjion;if possible and before critical systems are lost every effort shall be made to

a)
b)

hose
tion;

pcted

d the

bting
Is or
Vides
A for

.

hility
le to
blem

loss
ence
I, the

nary

select an alternative decay orbit that minimizes the duration of the decay phase, or

protected regions such as LEO or GEO as possible.

select an alternative graveyard orbit region that has a low probability of future interference with

The rationale for and the results of any such disposal action or inaction shall be documented and
included in the OLSDP. The final state of the orbital launch stage shall be included.

5.7 Exceptions

Appropriate authorities may wish to grant exceptions to disposal requirements for pre-existing orbital-
launch-stage designs, where incorporation of these requirements into the design of the orbital launch

stage is infe

asible. Disposal exceptions and their rationale shall be documented in the OLSDP.
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6 Disposal planning requirements

6.1 Determination whether the disposal must be a controlled manoeuvre

If the orbital launch stage has been selected for a re-entry, then determination of whether the disposal
must be a controlled manoeuvre shall be in accordance with ISO 27875.

6.2 Estimating orbit lifetime

If the orbital launch stage has been selected for an uncontrolled re-entry, then the decay phase duration

h 11 baocaormantad by ool ot g tbha ot Iofatian g ot o st o] doooyy oot
S a Lo A=) \.lelyu\.\,u U)’ Lulbulutlll& CITCU UT'UIv IIIC LIIIIe Ul LIIcC 111IvIdr \.l\./\'bl] UL I,

6.3 | Computing the time in graveyard orbit region

If the orbital launch stage has been selected to be sent to the outside of the protécted region, the time
that [the orbital launch stage remains outside of the protected region shall-be calculated. The time
durafion shall be measured from the time at which the manoeuvre to the“graveyard orpit region is
complete to the first time at which the new orbit enters a protected region.such as LEO or JEO.
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