INTERNATIONAL

ISO

STANDARD 27875

First edition
2010-03-01

Space systems — Re-entry;risk
management for unmanned space
and launch vehicle orbital stages

Systemes spatiaux — Gestion du risque de la rentrée pour
orbitales des véhicules spatiaux non habités et des lanceut

craft

les étapes
S spatiaux

e Reference number
= — 1ISO 27875:2010(E)

© SO 2010


https://standardsiso.com/api/?name=3a4e9e31719277d98d4459da2163a81e

ISO 27875:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — All rights reserved


https://standardsiso.com/api/?name=3a4e9e31719277d98d4459da2163a81e

ISO 27875:2010(E)

Contents

[0 (=30 T o
e Yo LT 4o Y o
1 8T oo o - S
2 [\ oY o 0 B VAV =N = =] (= o= ORI
3 Terms and defiNitioNS ......cveeeeiiiiiiiiie s s s aa s e s e s emnnnssnseeeedTs Saskenees
4 Re-entry risk management ............coeueemememememmmmmememmenemmeeeenenensnnnsnnnnnsnsnsssnsnsssnsnsséhabatinnnsnnnnnns
41 (€T =Y s =Y - | OO © S S
4.2 Re-entry safety programme...........cccccimiiiiiccinecrinnnnnsssssssesssssssssssssssssese s sfobesbnsnnesensssssssnnns
4.3 Re-entry safety oversight and management...........cccccniimminnin @ e
4.4 Re-entry risk assessment and mitigation plan..........cccccvcmiinicee e Gm e
5 RiSK @SS@SSMENT ....cccuuiiiiiiiiiii i ciirrm s rsss s rsssss s rsna s e san s s sea g bransssssennssssannssssennsssssannsn
5.1 L€ 3 1= - 1
5.2 Safety requirements ..o ———
5.3 Process and resources for analysis.........cccceiiiimniinsans s
5.4 EStimation Of FiSK .....ccueeeeeiiiiiiiiriieeiiiirsressseeesrreereasas Saihe s e s s e s s anssssssssessssnssssssseesssnnnnsssssenenns
5.5 Risk decision and ACtiONS .........civeeeiiiiiiiiiiiir e e Fear s rrse s e s s e r e a s rennn s e nnaa e rnnann
6 RiSK-reduCtion MEASUIES ......ccuuiiiieeiiiiieirrreea s S e rremassrrnn s rrsnssssrnnssssrensssrrnnnsssrennsssesnnnns
6.1 (€ T=Y s =Y - | . Y
6.2 (0207 411 oY T=Te I8 ==Y o Y R
6.3 Structural design measures to reduce.re-entry survivability .........ccccccvrrrriiccciiernnnnnnn.
6.4 [\ Lo o= 1 4 oY o
7 Nonconformities ProCesSiNg. .. it —————————
Ann]x A (normative) Required content of the re-entry risk assessment and mitigation plan
Anngx B (normative) ComplianCe matriX ........cccirvimmriniimrninniinsr s
(271 o]t o T T o Ve

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=3a4e9e31719277d98d4459da2163a81e

ISO 27875:2010(E)

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 1SO
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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. \Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 20, Aircraft{and space vehicles, Subcomr
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Introduction

According to international treaties, the “launching state” is liable for damage or injuries caused by unmanned
spacecraft and launch vehicle orbital stages that re-enter the Earth's atmosphere. In addition, commercial
operators are subject to the national safety regulations or laws of the launching country that relate to re-entry
of spacecraft and launch vehicle orbital stages. In order to minimize damage and injury from re-entering
spacecraft and launch vehicle arbital stages it is the respansibility of all parties (developers _manufacturers,
space service providers, satellite operators and launch service providers) to take preventive nieasures during
spacgcraft design and space operations.

© 1SO 2010 — All rights reserved Vv
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INTERNATIONAL STANDARD ISO 27875:2010(E)

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

1 cope
This International Standard provides a framework with which to assess, reduce and contfol the gotential risks
that $pacecraft and launch vehicle orbital stages pose to people and the environment' when [those space
vehidles re-enter the Earth's atmosphere and impact the Earth's surface. It is intefided to be dpplied to the
planring, design and review of space vehicle missions for which controlled or ungentrolled re-entry is possible.

Objegts that separate during the ascent phase and impact the ground are addréssed in 1ISO 14620-2. This
Interpational Standard complements ISO 14620-1 and ISO 17666.

This |nternational Standard is not applicable to spacecraft containing nuéléar power sources?).

NOTE Useful background information for this International Standard_js ‘available in ISO 24113.

2 Normative references
The ffollowing referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For-undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 14620-1, Space systems — Safety requirements — Part 1: System safety

ISO 17666, Space systems — Risk‘wanagement

3 Terms and definitions
For tihe purposes of this.document, the following terms and definitions apply.

3.1
controlled re-entry
type pf re-entry where the time of re-entry is controlled and the impact of debris is confined to p designated
grourlud Zone

NOTE This International Standard does not cover specific design to be retrieved, such as the Space Transportation
System.

3.2
launch vehicle orbital stage
stage of a launch vehicle that can be injected into orbit

1) Such spacecraft are controlled by the Principles Relevant to the Use of Nuclear Power Sources in Outer Space,
(General Assembly resolution 47/68 of 14 December 1992), A/RES/47/68 47 U.N.

© 1SO 2010 — All rights reserved 1
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3.3
re-entry

process in which atmospheric drag escalates deceleration of a spacecraft or launch vehicle orbital stage

leading to its

3.4
spacecraft

destruction or return to Earth

system designed to perform specific tasks or functions in space

3.5

uncontrolled re-entry

atha tiaa

type of re-en

ranhar
Ty wWicTCte e

4 Re-enfry risk management

4.1 Gene

Re-entry risk
under the co

al

management shall be conducted as a part of a system safety programme-based on ISO 144

ncept of risk management based on ISO 17666.

4.2 Re-entry safety programme

In addition td
to ensure:

a)

b) correctiv

the safety activities required by ISO 14620-1, a re-entry-safety programme shall be establ

minimization of damage and injuries caused by re-entering spacecraft or launch vehicle orbital stage

e action for risks assessed to exceed programme or mission thresholds.

4.3 Re-entry safety oversight and management

The safety r
safety data,

bpresentative defined in 1ISO 14620-1 or equivalent person or section shall have access t

520-1

shed

"2

o the

prove the plans and the results of the work, and report the status to the head of organizati

p
each design]’jmd operation phase, a review committee shall review the result of the safety assessme
e next phase, and endorsé the decision to proceed to the following phase. Required input|data,

the plan for

purpose of r¢
may be tailo
the responsi

view and output shallbe defined for each review. The requirements in this International Sta

ed before their application. The results of tailoring, however, shall be subject to the agreem

le departments,-the safety representative and the customer, if required.

4.4 Re-entry risk assessment and mitigation plan

A re-entry rigk assessment and mitigation plan (RRAMP) through project life cycle shall be prepared as p
the safety data-package specified in ISO 14620-1.

n. At
and

dard
ent of

art of

The RRAMP will define the work plan corresponding to each requirement in this International Standard and
detailed schedules of critical activities (design, analysis and testing reviews) throughout the life of the
programme. The required contents of the RRAMP are given in Annex A and the compliance between this
International Standard and the RRAMP is described in Annex B.

The RRAMP shall be approved by the safety representative, the head of project management and the
customers. The RRAMP will change and evolve as the project proceeds.

© 1SO 2010 — All rights reserved
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Risk assessment

General

Because the general concept for risk assessment is given in ISO 17666, this clause supplements specific
requirements related to re-entry matter using terms (risk scenario, risk magnitude, risk decision and actions,
etc.) defined in ISO 17666.

5.2

Spe

authgrities shall be identified and applied, and where possible, quantified with threshadld
Deliberate re-entry risk assessment actions (analyses, reports, etc.) shall be defined @nd 4
compliance matrix between safety requirements and system design and operation, plan, wk
achigved quantitative results, threshold values, consequences of not meeting thresholds and tH
that those consequences would be realized, shall be maintained.

The

mathpmatical parameters) and the thresholds for them or the concept for risk)decision and actio
to thg probability and severity of consequences.

5.3

Analysis corresponding to the safety requirements shall be conducted with the following approve
methpds, tools, models and data.

a)

b)

c)

Safety requirements

international

DTITTT

bxpected output is the assessment parameters (e.g. risk to people onthe ‘ground and th

Process and resources for analysis

[Pescription and justification of analysis tools and approach, including

1) algorithms for trajectory, aerodynamic, ‘aerothermodynamic and thermal analyses, ob
characteristics and aerodynamic andthermal properties for re-entry trajectory and heatin

5

2) requisite physical characteristiesand aerodynamic and thermal properties for trajectory
analyses,

4) atmosphere model,
%) human population distribution model and definition of casualty area,
%) criteria foreliminating any vehicle components from the risk analyses, and

T) any-other criteria or assumptions that affect the assessment of casualty;

parameters.
cheduled. A
ich includes
e probability

e associated
ns according

d processes,

ject physical
g analysis,

and thermal

3) treatment of componentthermal shielding and vehicle disassembly during the break-up process,

missSion-dependent assumptions, if not defined in routine procedure, including

1) attitude mode (e.g. tumbling, side-on stable),

2) contribution of oxidation to the heating rate, and
3) conditions of the break-up process and sequence;
specific vehicle and orbit data, including

1) initial orbit,

2) initial temperature,

© 1SO 2010 — All rights reserved
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NOTE

3) detailed identification of the spacecraft or launch vehicle orbital stage including its components (e.g.
propellant tanks, pressurized vessels, major structural elements) and their construction, mass,
dimensions, shapes, material properties (e.g. melting point, density), connectivity, mutual shielding
and nesting and other factors (e.g. aerodynamic drag coefficient, coefficients for average heating),

and

4) properties of small but potentially surviving and hazardous objects that are likely to be released

duri

the above set.

54 EstimLtion of risk

According tq
consequencgs) shall be estimated and reported as follows:

a)

b)

c)

d)

e)

5.5 Risk decision and actions
The risk mag
risk decisior
documented

The result of

The rough ¢

ng re-entry.

If the safety requirements identify a risk scenario other than ground casualty, an adequate process is added to

critical ¢l
(e.g. ma

results @
(e.g. ma

probabil
safety re

in the cg
1) apn
2) ahe
3) ahad

in the ¢4

assessnpent of the effects that they have on the Earth's environment, including human health.

the risk defined in 5.2, the risks of re-entry (probability of occurrence and !sever
pmponents with their characteristics, in enough detail to conduct trajectory ‘apd thermal ang
5s, shape, dimensions);

f analyses including an estimate of the characteristics of the fragmeénts likely to survive re
5s, shape, dimensions, velocity, kinetic energy at impact);

ty of hazard and severity of consequence estimated according to the risk scenario identifi
quirements;

se of a planned controlled re-entry

ediction of the ground area to be affected by the falling objects,

zard analysis for the circumstance when'the re-entry is controlled successfully, and
zard analysis for the circumstance-when the re-entry is not controlled successfully;

se of onboard radioactive substances, toxic substances or any other environmental pollutan

nitude shall be.determined by the severity and probability of a hazard. For each risk scenar
and actions) -corresponding to the risk magnitude estimated in 5.4 shall be detern
and approved-by a safety representative.

the assessment shall be expressed in a risk assessment matrix.

ty of

lyses

entry

ed by

S, an

o the
ined,

ncept for risk decision and actions for typical ground casualties and ground pollution is shol

Wwn in

Figure 1.
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START
Survivability analysis

Complete demise

Completely demised or something survived?

Some survival

> threshold

Risk to human : threshold

< threshold

> threshold

On the Earth, environment : threshold ..

< threshold

Possibl

w

Is risk reduction possible
by design change?

Impossible

Y
Disposal’by natural decay
or reduction of orbital lifetime
(uhcontrolled re-entry)

Y A J

Controlled re-entry Design change (=

 J

Figure 1 — Flow for risk assessment and disposal planning
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6 Risk-reduction measures

6.1 General

The following typical measures to reduce re-entry risks are defined in 6.2, 6.3 and 6.4. Other measures (e.g.
launch at different inclination to minimize population at risk, intentional break-up just prior to re-entry or
reduced orbital lifetime to avoid increased population growth) may be taken if the mission objective or mission

cost-benefit metrics allow(s) them. The measures, namely

a) controlle

d re-entry,

b) structura
c) notificati

shall be plan
reviewed in t

6.2 Contr|
If the surviva
than safety r
by confining

6.3 Struc

The use of s

for all hardware that might re-enter the Earth's atmosphere, Whether by uncontrolled or controlled means.

6.4 Notifi

For controlle
followed. Th
information §
impact of the

For both unc
material, nat

| design to reduce impact risks, and
pn

hed, designed and documented in the safety data package specified in ISO 14620-1, and sh
he Safety Review.

plled re-entry

bquirements allow, control measures should be developed to réduce the risk below the thre
he fragments to uninhabited regions, such as broad ocean areas.

ural desigh measures to reduce re-entry survivability

tructural designs and materials that minimize the\survivability of fragments shall be encou

cation

i re-entry, procedures defined by(international civil aviation and maritime organizations sh
e predicted final trajectory, target impact zone, potential hazards after impact and all (
hall be provided to any nation-or organizations which could potentially be affected by the g
fragments of spacecraft orllaunch vehicle orbital stages after re-entry on aircraft, ships or la

bntrolled and controlled.re-entry, if the re-entering vehicle contains radioactive or other haza
ons which can be-‘affected by the re-entry shall be notified of the hazard and shall be pro

all be

bility analysis for an uncontrolled re-entry shows that risk to humans-on the ground will be greater

shold

aged

all be
seful
ound
nd.

dous
vided

with informatjon on the nature~of'the hazard and how it should be mitigated.

7 Nonconformities processing

When it is n ction
method, but alue
of the mission, nonconformities shall be subject to processing for a waiver request. This processing shall
include the justification for the residual nonconformity requiring a waiver request, the rationale for the
acceptance of a residual safety risk, the formal evaluation of the nonconformity and acceptance of the waiver.
A permanent record of the evaluation of the nonconformity and acceptance of the waiver shall be maintained
and included in the RRAMP itself or its summary.

ot_feasible to comply with the safety requirements specified in 5.2 by practical risk-redy

| + Fy - | H . £ ool 4 il | - N ol tlo Fy + ] 1 ol 4 | R
TS LUSTUNTCT U TTTIRS TU UTITTCTIUIAT U alfuUwWw a TIyITCT TSR UTalrm urc 1o Tar vardc uuac 1o a 1Tnyit

When a nonconformity deviates from a national safety requirement, a waiver shall be processed through the
concerned safety organization for approval by the appropriate national responsible authority.

© 1SO 2010 — All rights reserved
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Annex A
(normative)

Required content of the re-entry risk assessment and mitigation plan

A.1 Scope of the RRAMP

This [clause defines the project to be managed, the name of the contract under which thej[document is
produiced, the name of organizations related to the contract, the applicable phase of this doeumént and other
general information related to the management activities.

A.2 (Related documents

A.2.1 Normative references

This pubclause defines normative references (e.g. ISO 14620-1 and-ISO 17666).

A.2.2 Applicable regulations and rules

This pubclause defines regulations, rules and standards which control the re-entry risk and procegs of work.
EXAMPLE 1 Domestic rules and guidelines which impase requirements for safety.

EXAMPLE 2 Technical and management standafd applied in the organization (e.g. system safety standard, question
and apswer programme standard, design standard and operation standard).

A.2.3 Reference

This pubclause defines references\that provide additional details, which may be either cited or refgrred to.
EXAMPLE 1 Details of the “'methodology, tools (e.g. trajectory model, atmosphere model, heating model, material
databpse, re-entry break-upmodel, environmental assessment model) and assumptions (e.g. population mpdel, break-up
and demise conditions) used to develop the re-entry and environmental hazard estimates.

EXAMPLE 2 Mission description, including initial conditions for the re-entry analysis or including the inifial state of the
spacq vehicle (initial altitude, eccentricity, latitude, longitude, velocity and flight-path angle, and other pargmeters at the
beginhing of re~entry).

EXAMPLE\3 Applicable company standards that define assumptions (initial temperature, structurgl strength of
deployed.parts, effect of oxidation, tumbling pattern, aerodynamic drag coefficients, break-up altitude, etc.). f

EXAMPLE 4 Technical documentation or input package for review, which includes plans and reports for design,

analyses, tests and operations.

A3

Re-entry risk management

A.3.1 Re-entry safety programme

This subclause defines the safety programme, mentioning the relation to the system safety programme.

©1S0
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A.3.2 Re-entry safety oversight and management

This subclause describes the organizational structure of the project and identifies the functions and
responsibilities of the safety organization, which is assigned to ensure the risk management activities for this
project.

This subclause also describes the review system to manage the re-entry risk for a project, including types and
methods of reviews, members of the review board, contents of input data package, responsibility and
frequency.

Next, this supclause describes the details of tailoring with a compliance matrix. The rationale and justifi¢ation
shall be clarified.

A.3.3 Re-eptry risk assessment and mitigation plan

This subclauge describes the process to produce, approve and modify a programme plan., Annex B desgribes
the compliance between this International Standard and the RRAMP.

A.3.4 Schddule

This subclayse describes detailed schedules of critical activities (design, analysis and testing reviews)
throughout the life of the programme.

A.4 Risk assessment

A.4.1 Gengéral

A.4.1.1 Coancept for assessment

This subclauge explains the concept of assessment, design and operation philosophy, applicable technglogy,
etc.

ission description

This subclause provides a detailed description of the space vehicle's mission and its planned end-of-mission
to the documents which define them. This includes a full description of the orbit paramneters
(inclination, apogee, perigeey argument of perigee) and the initial conditions used in the re-entry anglysis,
including altijude, latitude;fongitude, velocity, flight-path angle and time epoch. Also included are

— a physital desecription of the re-entering vehicle, including a detailed breakdown of the veghicle
construdtion,"\material properties, mass, dimensions and shapes of major components, and

— alist and description of radioactive or other materials which are likely to affect the Earth's environment.

A.4.2 Safety requirements

This subclause describes or cites safety requirements induced from the rules or regulations imposed by a
government or other entity that ensures ground safety.

It includes a matrix to track the design and operational compliance with those rules or regulations at the
current phase, which shall be improved according to the phase progress.

8 © 1SO 2010 — All rights reserved
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Table A.1 — Compliance matrix including safety requirements and status

Subclause |Requirement| Phase Acceptable | Nonconformance N/A Result Remark
A.4.3 Process and resources for analyses
This pubclause identifies and describes the procedures, methods, tools, models, assumptions an¢l parameters
used|to assess risks. In the event that details related to the vehicle's design specifications, components and
orbit |nclination are not yet known, the above-required information based on assumptions and pafameters of a
wors{-case scenario shall be provided.
A.4.4 Estimation of risk
This pubclause identifies the result of estimation. Detailed reports shall be’referred.
A.4.%5 Risk decision and actions
This pubclause includes the risk magnitude, which is defined by the probability (likelihood) and ¢onsequence
(effegt). General risk management work shall require the(ranking of probability and consequencg into several
levels and the identification of risk magnitude, which “shall necessitate corrective actions, gs shown in
Tablg A.2.
Table A.2 — Concept of risk assessment matrix
Consequence
Negligible Small Medium Large Unacceptable
S Unavoidable
E Large
©
€ | Medium
a
Negligible
Risk-magnitude Requires design change
Requires positive management
Doqllirnc mnnifnring
Details shall be based on ISO 17666.
© 1SO 2010 — All rights reserved 9
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A.5 Risk-reduction measures

A.5.1 Cont

rolled re-entry

This subclause describes or cites the design specifications that enable controlled re-entry for the space
vehicle, the operation plan from mission termination to the final manoeuvring for re-entry and the ground
support plan to monitor re-entry. It identifies the nominal geographic region within which surviving fragments
will impact, provides the rationale for selecting the region for disposal and includes plans and schedules for
timely warnings of fragment impact. Estimation of the fragment impact zones for a controlled re-entry includes
the effect of uncertainties pertaining to re-entry, atmospheric conditions and other factors.

A.5.2 Strugtural design measures to reduce re-entry survivability

This subclause describes specific features that have been incorporated in the design of the spacecrpft or
launch vehicle orbital stage to reduce re-entry survivability and hazards to people and property.) Included are
the expected results of these modifications on re-entry hazards.

A.5.3 Notiflication

According to
or land shal
notified of p
organization.

For a control
responsible
Airmen (NOT

For both ung

AM) and Notice to Mariners can be sent].

6.4, any nation or organizations that could potentially be affected by the impact on aircraft, [ships
be identified. This subclause includes a list of such nations<or organizations which shall be
ans for controlled re-entry, contact information and a notification schedule for each natipn or

ed re-entry into a safe area, this subclause shall also.contain a plan for the timely notificatjon of
bgencies of the time and location of expected fragment impact [e.g. in order that a Notice to

ontrolled and controlled re-entry, when the re-entering spacecraft or launch vehicle orbital stage

contains a hazardous material, details of the proceSs required to mitigate hazards associated with the

hazardous m

A.6 Nonc

If any waiver

bnformities processing

aterial shall be provided to every natiohlthat might be affected by the re-entry.

request has been accepted, a relative permanent record of the evaluation of the nonconfqrmity
and acceptamce of the waiver shall'be explained here and attached to the document.

10
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