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EXECUTIVE SUMMARY

EURGCARES (European Curation of Astromaterials Returned from Spasa)multinationa) three year

project running from January 2015 to December 2017, funded by the European Commigsikon 020
programme Project ID# 640190The project involved 6 different countries and 14 different institutions. The
objective was to roadmap a European Sample Curation Facility (ESCF) that would be suitable for the curation
of material returned from the Moon, Mars and asteroidfghile there hae been previous studies specific to
particular missions, countries, or target bodies, this was the first project to bring together scientists and
engineers from across Europe to plan a single facility that would fit the needs of European sample return
missons over the next decades. We planned the pathway of our returned samples from the landiagdsite
transport to the facility, to their early and preliminary examinatenmd long-term storage.

With this broad remit, we chose keywords for our ESCF: IexMalaptable and Modular, to guide our
planning This would allow the ES@Fadapt to a wide variety of missions with samples of different sizes and
forms, from restricted or unrestricted missiariBhe ESCF would also hoasemprehensive suite of relamt
analogue samplesSuch a facility would be well placed to respond to the requirements of fugaraple

return missions. Each mission or task is linked to a Functional Unit in Qltdc&llow a modular approach

to the ESCF buildingduch of our work las focused on the planetary protection aspects of restricted
missions. Bringing back samples from Mars would require a new generation abaoufaility, capable of
controlling contaminatiorof the samples so that they remain pristine, apkventingcontamination from

the sample from reaching the outside environment. Communications and public engagement will also be an
essential element of the ESCF and at the heart of its operations.

During the project it has become apparent that there is a need farrfuinnovations to prepare for the ESCF.

We strongly recommendhat the planetary protection protocols, now more than 15 years old, are updated

in accordance with new generation instrumentation and our better understanding of planetary protection
requirements. Wenote that innovations are requiretb assist withsample transfer, especially for restricted
samples, and see scope for the use of robotics in curation to increase accuracy, control contamination and
work in a wide range of environments.

We conclue that the ESCF would require a staffing level ebB(eople and that work to begin on this

should start at least 7 years prior to the samples being returned to Earth. The cost of the ESCF would range
from10Hn ae F2NJ Iy dzy NEBainNFa@i SR NFH O0NLE S22 94 @ ENIT N
samples This is still a minor cost compared that of the total miss{@ur next steps will be to seekroute

for funding for the development of the ESCRrge scale projects such as this wouldbeppropriate project

for inclusion in the European Strategy Forum on Research Infrastructures (ESFRI) Rédldutape work

should be overseen by the European Space Agency to ensure that their mission requirements are met and to
reduce duplication oéffort.
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Fourier Transform Infrared Spectroscopy
Functional Unit

Gas Chromatographylass Spectrometry
HAZard and OPerability study
HighEfficiency Particulate Arrestance
Health and Safety Executive

Heating, ventilation and air conditioning
Istituto di Astrofisica €lanetologia Spaziali
Inductively Coupled Plasma Mass Spectrometry
Istituto Nazionale di Astrofisica

IsoPropy! Alcohol

Infra-Red

International Organization for Standardization
Japan Aerospace eXploration Agency
Johnsa Space Center

Lunar and Asteroid Receiving Facility
Liguid ChromatograplgMass Spectrometry
Life Detection

Life Detection Samples

University of Leicester
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LOPA
LPF
LSET
MNHN
MOOC
MS
MSC
MSHARP
MSR
MSRF
NASA
NEPA
NHM
NHMW
NIH
NRC
OSIRKREX
ou
PISA
PBS
PE
PES
PHE
PMSCF
PP

PP
PPE
PPL
PRF
PS
PTFE
PTS
QLF
REC
RIC
RM
RRC
SCF
SEC
SEM
SENCK
SIMS
SNOM
SRC
SRF
STIFFLOP
SWIFT
TAS
TBD

Layer Of Protection Analysis

Laboratory Protection Factor

Lunar Sample Preliminary Examination Team
adzaSdzy bl A2yl ,Ra@s Aaildz2AiNB
Massive Open Online Course

Mass Spectrometry

Microbiological Safety Cabinets

Mars Sample Handling And Requirements Panel
Mars Sampl&eturn

Mars Sample Return Facility

National Aeronautics and Space Administration
National Environmental Policy Act

Natural History MuseurLondon
Naturhistorisches Museum Wien

National Institutes of Health

National Reearch Council

bl dzNEf €

OriginsSpectral InterpretatiorResource IdentificatioisecurityRegolithExplorer

Open University

Dipartimento di Scienzéella Terra, Universita di Pisa
Product Breakdown Structure

Preliminary Examination

Preliminary Examination Samples

Public Health England

Planetary Material Sample Curation Facility
Planetary Protection

Polypropylene

Personal Protective Equipment

Planetary Protection Level

Portable Receiving Facility

Preserved Samples
PolyTetraFluoroEthylene

Polished Thin Section

Quick Look Facility

Risk of Environmental Contamination

Risk of Internal Contamination

Remote Manipulation

Risk of Refrigerant Contamination

Sample Gration Facility

Sample Early Characterisation

Scanning Electron Microscope
Senckenberg Gesellschaft fiir Naturforschung
Secondary lon Mass Spectrometry
Scanning Near field Optical Microscope
Sample Return Canister

Sanple Receiving Facility

STIFFness controllable Flexible and Learnable manipulator for surgical Operati

Structured What IF Technique
Thales Alenia Space
To Be Decided
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TEM
TOFSIMS
TRL
TS
uLB
ULPA
upP
UPS
URS
uUxo
uv
VEC
VIC
VRC
WHO
WP

Transmission Electron Microscope

Timeof-Flight Secondary lon Mass Spectrometry

Technology Readiness Level
Total Sample

Université ibre de Bruxelles

Ultra Low Penetration Air

Utility Plant

Uninterruptible Power Supply
User Requirements Specification
UnexplodedOrdnance

Ultraviolet

Verified Environmental Contamination
Verified Internal Contamination
Verified Refrigerant Contamination
World Health Organisation

Work Package
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1 INTRODUCTION
1.1 The EURGARES§lect

EURGCARES (European Curation of Astromaterials Returned from Exploration of Bigace 1.1 was a

three year (20182017), multinational project, funded under the European Commission's Horizon2020
research programme (Project ID# 640190). The dhjeof EUREGCARES was to create a roadmap for the
implementation of a European Exttarrestrial Sample Curation Facility (ESCF). There have been previous
studies, some funded by the European Space Agency, which have typically been either-speaifiigor
mission/target specific. EURCARES moved on from these studies to look at what would need to be done to
create a European facility that would be suitable for the curation of samples from all possible return missions
likely over the next few decades) the Moon, asteroids, Mars, and other bodies of the Solar System.

Study and londgerm curation of extraerrestrial samples requires keeping samples in as clean an
environment as possible to reduce any terrestrial contamination. For samples returnedréstnicted
missions (Mars, Europa, Enceladus) there will be an additional requirement for high level containment to
ensure potential biohazards are not released from the facility. The requirements for a combined high
containment and ultraclean facility wihaturally lead to the development of a highly specialised and unique
facility that will require the development of novel scientific and engineering techniques.
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Figurel.l - The EURCARES Logo

The first phase dEURGCARE®asa literature review (January 2015 to June 2015), followed by a technical
phase (July 2015 to March 2017), dimhlly, synthesis (April 201#% December 2017)0nework package,
focused on public outreaghlwasactive throughout the project. The work wasganized around five distinct
technical Work Packages (from WP2 to WP6), leddaylemidnstitutions, scientists and engineers from all
over Europe:

=

Knowledge capture and requirements review (WP1)
Planetary protection (WP2)

Facilities and infrastructure$\(P3)

Methods and instruments (WP4)

Analogue samples (WP5)

Portable receiving technologies (WP6)

Synthesis, recommendations and roadmapping (WP7)
Maximising impact (WP8)

Management (WP9)

= =8 =4 =4 =4 =8 -8 =4
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The overall organization of the project is showririgurel.2.

The EUR@ARES websitenvw.euro-cares.el collects all the information and the outcomes of the project.
Some general information about the EURBRES WPs is presented inAppendies of this Deliverable

WP1
KNOWLEDGE CAPTURE AND
REQUIREMENTS REVIEW

9 MONTHS
(Menth 1-9)
-
v
T

& z
w s o

N WP6 =
£g wi b wp2 wP3 wP4 WS il =
8¢ SEa - PLANETARY ~ — FACILTIESAND '€— METHODSAND |€—  ANALOGUE il -« 83

==

55 g2 PROTECTION INFRASTRUCTURE INSTRUMENTS SAMPLES et g

= 3
o8 i v «
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= ROADMAPPING

Ly -«—

Figurel.2 - EURGCARES overall work structure

1.2 SampleReturn Missions andracilities

1.2.1 Overview

The instinct to explore is at the heart of the human condition. In the 21st century, we have the opipprtu
to explore new worlds by mounting space missions to our Moon, other planetthairdnoons and to other
minor bodies in the Solar Systesuch asasteroids and comets. Visiting these worlds provides much more
information than can be gained from obsérg them remotelyand potentially provides the opportunity to
bring pieces of these other worlds back to Earth.

Sample return missions are among the most exciting of space missions, providing both scientifically unique
information and an unparalleled meahism for inspiring the public. Returned samples from spacecratft allow

us carry out sophisticated analyses using a wide range of scientific equipment that can enhance remote
sensing measurements from spacecraft. Some scientific studies can only be daheratories on Earth

rather than remotely or with spacecraft. Thesesestigationsinclude precise isotope measurements that
allow age dates to be determined or a chemical history to be unraveBedilarly, detaileaneasurements

of organic material cahelp us understand whether life has been present elsewhere in the Solar System.

1.2.2 Planetary Protection

Oneof the most important issuesurroundingsample return missiongs the requirement for Planetary
Protection (PR)Thisguides the design of a missiomiming to prevent biological contamination of both the

target celestial body andh the case of sampleeturn missionsthe Earth. The Committee on Space Research
(COSPAR) has the mandate from the United Nations to maintain and promulgate the planetecyiqn

policy. Planetary protection is essential to preserve our ability to stirdyastrobiologicallyinteresting

planets and moons of our Solar System by preventing contamination with terrestrial -orgaoism or
organicsand thusremoving the possibity of falsepositive results (forward PP). The second aspect of

LIX I ySGFNE LINRPGSOGAZ2Y AYa (2 itoN&tiaSageénts, wkih miyht beli K Q &
harmful if released into the Earth environment (backward PP). Both aspects havedesidered, forward

PP on samplesollected and then returnedand backward PP during transport and curation phases.

COSPAR defines five planetary protection categories with subcategories dependent on the target of the
mission and the type of missionydby, orbiter or lander). All missions which will return extearestrial
samples to Earth for further analysis belong to category V. Depending on the origin of théeeresdrial
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material a category V mission can be an unrestricted Earth return mig¢sig. samples from the Moon) or
restricted Earth return mission (e.g. samples from Mars or Europa).

1 Category V Unrestrictedsamples from locations judged by scientific opinion to have no indigenous
lifeforms. No special requirements (Moon, asteroids).

1 Category V Restricted(where scientific opinion is unsure) the requirements include: absolute
prohibition of destructive impact upon return, containment of all returned hardware, which directly
contacted the target body, and containment of any unsterdizample returned to Earth (Mars,
Europa).

Once returned to Earth, samples have todtered under specific conditions (depending of their origaw)

they remain as pristine as possiblat the same time, forestricted missions, the Earth environmemust

also be protected from potential hazards. Currently, worldwide, no single facility exists that allows
containment of restricted materials aswould be required for a sample receiving facility for materials
returned from objects such adars. Since it ismipossible to foresee the actual risk factor of returned
samples, the facilities need to have the most stringent containment level presently afforded to the most
hazardous biological entities known on Earth. The infrastructure, procedures, protocols snchergation,
sample handling, as well as staff training shall all be adapted tedeitements.

1.2.3 State ofthe Art andFutureSample Return Missions

Asample return missiohasthe goal of collecting and returning samples from an extraterrestrial locétion
Earth for analysign groundbased laboratoriesMaterial brought back may range in size fraoms and
molecules(e.g., the Genesis collector assembly exposed to the Solar \Wirad)nixtureof loose material
(WNEB J)2andirdekg€qg., the Apollsamples from the Moon)Samples may be obtained in a number of
ways, including arrasused for capturing particles of solar wind or cometary debngpactexcavation of
regolith, drilling and coring of solid rock, etc.

Samples have been returndaly spaceraft fromthe Moon, an asteroid and a comets well as the solar wind.
Material from Earth's Moorwas collectedby robotic and human samplesturn missionswhilst the comet
Wild 2 and the asteroid Itokawa were visited by robotic spacechaftvell as mizrial returned by spacecraft
we also have a rich harvest wfeteorites that have fallen on Eartlwhilst these are mostly from asteroids,
there is a small but significant fraction from the Moon and from Mdiablel.1 shows the ikt of sample
return missions that have alreadsken place

Tablel.l1- Overview of past sample return missions

. Year of Sample .
Mission Return to Earth Target Returned Material Country
Apollo 1969-1972 Moon 382 kg (Rock and regolith) USA
Luna 1970-1976 Moon 326 g (Rock and regolith) Russia
Genesis 2004 Solar Wind Atoms implanted into various |,
media
Stardust 2006 Comet Coma (SlP/\NlId-Z) and _Gralns |mplanted mto aerogel an USA
Interstellar Grains impacted into Al folil
Hayabusa 2009 S Class Asteroid (Itokawa) 1500 Grains Japan

Over the next decadédhere are clear opportunitiefr Europeto leada sample return mission to the Moon,
and to collaborate with otherspace agencies on sample return missions to asteroidst@mdars and its
moons (Phobos and Deimos). E&Awell as national andther international space agencigsaveseveral
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missions under study to these bodidtsis essential tht asample receiving and curation facility is considered

as a critical element of the mission architecture and that its planning and design requirements are fully
incorporated during the earliest phases of planning for each sample return mission. Prexodusas
indicated that from site selection to futbadiness for receiving Mars sampliekes8 - 11 years (iMARS,
2008).Tablel.2 showspotential future sample returrmissions.

Tablel.2 - Future sampleeturn missions

Year of Sample

Mission Return to Earth Target Returned Material Country

[ KIy3Qs |2p18 Moon 2 kg China
Hayabusa-2 2020 C Class Asteroid (1999 JU3) tbc grams of regolith Japan
Luna-Grunt 2020 Moon Upto 1 kg Russia
Osiris-Rex 2023 B Class Asteroid (Bennu) 60-2000 g rock fragments USA

Mars Sample 1,50 Mars 500 g USA/Europe
Return

Mars-Grunt 2020s Mars 2009 Russia
CAESAR 2020s 67P/Churyumov-Gerasimenko Comgt00 g USA
Phootprint 2025 Phobos tbc grams of regolith Europe/Russia
Lunar Sample 2020s Moon, S.Pole Aitken Basin tbe grams of rggollth plus pgtenth Europe/Russia
Return for core material (rock and ice)

MMX 2029 Phobos, Deimos tbc grams of regolith Japan

1.2.4 State ofthe Artin Sample Receiving and Curation Facilities

Curationis defined as

Whe ollection, handling, documentation, preparatiagtprageand preservation (into the indefinite future)
of samplesand distribution ofa subfraction of samples for researéh

While dealing with samples returned from space, the purpose of a sample receiving and curation facility is to
take delivery of the returned spacecraft, optp andextract the sealed sample container, opie sample
contaner andrecover the samples (rock, dust, hepdicegas, etc.) from the sample container, and then to
transfer samples to the curation laboratory. If applicable, depending of the origin of the samples, biohazard
and life detection testsvould alsabe condudted within the facility.

Sample curation facilities are currently operational at the NASA Johnson Space Centre in Hbewsasn

(USA) and at the Planetary Material Sample Curation Facility (PMSCF) of the Japan Aerospace Exploration
Agency (JAXA) in Saghara (Japan). As previousitated neither of these facilities meet althe
requirementsfor sample return missions from Mars (i.e. these facilities are not currently capable of handling
restricted samples).

While JAXA curates asteroidal grains colledigthe Hayabusa mission, the Johnson Space Centre curates
severaldifferent types of sample:

1 Moon rocks and regolith (Apollo)
1 Solar wind atoms (Genesis)
1 Comet coma dust gragr(Stardust)
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Asteroidal grains (Hayabusa)

Antarctic meteorites (ANSMET)

Cosmic dutsgrains (using high flying aircraft)

1 Microparticulatematter (impacted on spacecraft)

=A =4 =4

Beforethe EURGCARESBroject, there werea fewstudies ofsimilarEuropean curatorial facilitieshey were
either countryspecific (e.g.Counil et al 2002) or missin/target specific (e.gfor Marco PoleR; Brucato et
al., 2012andfor Mars Smith et al, 2010). The main objective of EURBRES is to mof@ward from these
specific studiesto look at what wouldbe requiredto create a European facility suitablerfine curation of
material from potential samplesturn missiongplannedover the next few decades to the Moon, asterqids
Marsand a comet

1.2.4.1 Unrestricted Laboratories

Laboratories for unrestricted samples are cleanrooms designed to elimtimaggossibiliy of contamination

of the samplefrom the terrestrial environment(particulate, organic, microbiological, etc.). Theual
approachfor the design of a cleanroois to start with the ISO norm for particulate contamination (relying
on filtering the incomingir with highefficiency filters and keeping the room under positive pressure), and
to restrict as much as possibjmtential contamination from the materials and instruments used in the
cleanroom. Any personnel accessing the faciibuld change into @anroom clothingso changhg areas
mustbe included irthe design, including lockers for storage of outer clothing and belongBwgter corridors

and increasing levels of cleanliness are used to step up to the cleanest part of the laboratory. Thaskappro
is already implemented at NASA JSC and {Bada et al., 2013).

1.2.4.2 Restricted Laboratories

Laboratories for restricted samplesustaddress two big challenges: keeping the precious samples as pristine
as possible (in the same way as for unrestrictedgas), whilst alscavoiding release of a potential biological

or hazardous agertb the environment.

Containment of biological agents is a wlatlown process, with levels of containment adapted to known
pathogens (WHO, 2004). The concept of a containrfemdratory is to use successive layers of protection,
safe practices of work and engineering controls (primary, secondary and tertiary) to ensure that aerosols of
agents are not released to the environmeortto workers.

Containment is provided by a hidgvel of redundancy, by access control, barrier minimization and by an
approved decontamination methodology; safe practices of work are also required to ensure these measures
are used correctly and the worker reduces any possible risk of contamirfationthe start For unknown
pathogens, it is recommendedtiat the highest level of containment, B8lis adopted, and remains #tis

level until the sampleareprovento be devoid of biohazard, or sterilised using a validated method (Rummel

et al., 2002).

Rummel et al. (2002) proposes four planetary protection levels (PPL), combinations of containment and
cleanliness conditionglablel.3). The levels of cleanliness associated with each PPloabe determined
and should be defirek explicitly well in advance of sample return.
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Tablel.3 - Anticipated laboratory conditions and PPL categories

: . . 41 YO A S
PPL-type Biocontainment Cleanliness a: ro >y Used for
conditions
. . Incoming container and materials; some preliming
h ) ;

ttpm Max. (BSL-4) Maximum 1atm, inert gas tests; sample bank/storage; some Life Detectior

tt [ mi Max. (BSL-4) Maximum Earth-like Life Detection; some physical/chemical; TBD
tt Max. (BSL-4) Moderate Earth-like Some 'Blohazarc.i Assessmept Protocol' testing; .so
physical/chemical processing and animal testing

AR T Strict BSL-3-Ag Ambient Earth-like Some Biohazard Ai:tsss?BeSt Protocol; post-rele:

1.3 Planning for &lropean Sample Curation Facility
1.3.1 Main Activities

The Europeartample Quration Facility (ESCF) is desigd to undertake the activitiedefined ascuration
Wollection, handling, documentation, preparati®iprage andoreservation §hto the indefinite future) of
samples and distribution ofa subfraction of samples for researcf

The main activities tbe conducted inside the ESaxe:

to receive the Earth resntry capsule;

to extract the sealed sample otainer(s) from the spacecraft;

to extract the sanple itself from the container;

to store the sample(s);

to characterise and curatihe sample(s), aotallown further scientific activities;

for restricted samples, to conduct life detectiand biohazard assessment tests;

to allocate samples for research, in the case of unrestricted samples; in the case of restricted
samples, after biohazard assessmend potentiallysterilization.

=A =4 = =4 =4 =4 =4

1.3.2 Design Requirements
The ESCQCWill, ideally, be flexible, adaptableand modular to allow for:

1 Samples from avide variety of missions
1 Samples from different environments
1 Restricted and urrestricted samples

The proposed setfotechnical and scientific solutiorsse designed to provide an adequate level of flexibility
to deal with sampleseturned from unrestricted bodiesno mission/target specifiy, so as to bapplicable
in different countries of Europe, taking into accoulifferent laws and regulations16t country specifig.

TheproposedESCHs designed to receive theamplereturn capsule afteit lands to access the containers
and the samples, and to curate and store the samples, independently of the parent body thedwission
and of the mission classification (restricted or unrestricted).

Samplereceiving and curation arease separate for restricted and unrestricted samples.

The ESCF incluslavorking space for curatorsyisiting researchers and staff. Public aneaess and
communication are part of the functions of the building, to manage in the best way the various stakeholders
involved in the ESCF (Cohen, 2002).

The ESCF project plan propssmn integrated design for all functions listed above. The design will b
sufficientlymodular and flexible so that parts of the building can be added following atkmng building

Page| 21



timeline. Toachieve thidlexibility, differentC dzy’ O G A 2 y | funité withinithe ESCWa0e b8ein defined
and integrated into a nomxhausive list of Building scenaria@ to test the modularity of the facility. A
possible, original, architectural desi@dauplikMeusburger and Lu, 2016)iiecluded in the report

Several locations could be envisioned for the ESCF, suchtemate locatiorf)(i.e. relatively far from
uninhabited area), an existing research centre, an existing governmental (egawamnmental) facility, etc.
Not having constraints on this aspect, the assumption is that the ESCF is -alsta@dacility which will not
use ary remodelled building(s).

The architectural layout shall encourage a pleasant wgrknvironment, meetings and communication
between personnel to increase working efficiency and cooperafimce cleanroom workers (personmgio
work on samples) show siticantly higher sick leave statistics than other personnel, this requirement shall
not be overlooked.

Securityis layered according tahe risk associated with samples/personnel/building in general. Scientific
units are protected from a range of naturalsuch as seismic hazard) and nmatural hazards. The
human/restricted samples interactiais highly limited or even eliminated, for safety and security.

The facilityis designed to avoid unnecessary resource or energy use, both in the building andiopalrat
phase (material selection, energy efficiency, etc.). It shall beaffsttive by considering the whole life cycle,
including the initial design and construction costs, operations and maintenasceell as disposal

1.3.3 Planetary Protection Requirentsn

In general terms, the facilitywill be designed, constructed and operated to prevent the release of
biohazardous material and contamination of the samples by the Earth environmenmill klso allow the
samples to be studied by the international scifintcommunity, either within the facility itself, or in external
laboratories, throughhe loan of samples.

The facility that will receive samples from restricted missions shall be able to hold the samples within
containment that will stop any release aif unsterilized particle. Specificaltile PP requirements state that

GKS LINRPoloAftAGE 2F + aAaAy3atsS dzyadSNAfAT SR LI NI AOf S
(ESFESSC Study Group, 2012)

The measures already employed for high containment facilities demonstratentbat of the technology
necessary for a restricted Earth return mission already exists, and thus can be built upon with technologies
adapted from the pharmaceutical industry. However, development of new technologies, such as the double
walled isolator, robtic manipulation, integration of scientific analytical instrumend$c.is required. There

will also be aneedfor specialized training in working with restricted samples B@tstaff.

1.3.4 Sample Contamination Requirements

Contaminations defined as moledar, liquidor particulate material that could be adsorbed or absorbed and
alter or degradethe characteristicof the returned samples. Molecular contamination is defined as any
gaseous substances, whether at the trace level or not. Liquid contaminatmy compound (water, organic,
metal) with no fixed shape able to flow easily at room temperature and pressure. Particulate contamination
is any inorganic, organic or biological small (0.1 urbQ@ pm size) solid particles.

Contamination prevention shiainaintain the samples in their pristine state for letggm storage. In a first
step analysis, the samples returned by missions to asteroids, the Moon okédikely toconsist of regolith
material with the following principal chemical characteristics

1 Inorganic compoundsferromagnesian silicates, aluminosilicates; &ed Croxides, phosphates,
metals, sulphides, carbides, nitrides, carbonates and hydrated silicatesc(ays).

Page| 22



1

Organic compoundssoluble carbonaceous and insoluble kerogjge conpounds, aliphatic and
aromatic hydrocarbons, heterocyclic compounds, amines and amides, alcohols, carbohydrates,
biomolecules and, possibly, simple life forms.

Gaseous species in the headspace of the sample tubes, potentially liquids and/or ices Wil dédivered
within the re-entry capsule, and shall be treated asubsample.

1.3.5 Scientific Requirements

Insidethe ESCF, a range of instruments is required to undertake a series of activities. These include:

1

Sample Early l@aracterisation (SEC): buildingdatabase that allows for the identification and record

of each subsample including basic information such as written description, plimtumentation,
potentially at multiple scales and in 38amplemass, etcThis occurs whilst the sample is still is it
canister.

Life Detection (LD) andBiohazard Assessment Protoc¢BAP): wide range of techniques to
investigate the presence of life and biohazard in returned samples. Life detection analyses shall be
based on a broad definition for life. Biohazard assemst shall determine if samples pasany

threat to terrestrial organisms or ecosystems. Since potential hazards could take a multitude of forms
and affect any life form, the spectrum of tests has to be diverse. LD and BAP will determine if and
how it is ssible to distribute susamples to external laboratories.

Characterisation or Preliminary Examination (PE): wide range of measurements, allowing
preliminary determination of structure, mineralogy and organic inventory of the samples, with the
aim to endle the scientific community to devise further analyses, within or outside of the ESCF. PE
activities in the curation facility shall be conducted with little, or no, impact on the physical and
chemical properties of the sample.

Sample preparationwhen alocation of sample is possible and requested, it is necessary to provide
a subsample with specific characteristics and preparation (e.g. polished or thin section, microtome
section, powder, chip, etc.).

Contamination control and contamination knowledgenonitoring of the cleanroom environment,

and all cleaning and handling protocols that may impact the samples. Measurements may include
direct analysis of gases or reagents used in the curation facility; the surfaces, or extracts of surfaces,
of sample hanling or storage devices and witness plates and test samples. A defined contamination
measuring regime will be required to verify that samples are not exposed to unacceptable levels of
contamination and that cleaning and handling procedures are meetingfi@ion requirements.

As contamination cannot be guaranteed to be zero, such measurements and witness plates will
provide knowledge about what contamination the samples are exposed to during their residence
and processing in the facility, providing invable information in the interpretation of contamination
sensitive measurements performed on allocated samples.

All the activities above shall be first tested and validated using analogue samples. For practical reasons and
sterility concerns, it may be nessary for the ESCF to have its own collection of analsguples.

1.3.6 Sample Early Characterisatioa Peliminary ExaminatiomsLongterm Allocation

After the opening of the sample return capsule, three four different phases, of variable extent and
ampitude can be distinguishedepending on the restricted or unrestricted nature of the samples

1

The first phase is the Sample Eatyfacteriation (SEC). During this phase basic information will be
acquired on the samplesith the goal ofinitial characteisation and documentation (e.g. nature of

the samples, granulometry, basic chemistry and heterogeneity). The SEC phase takes place entirely
inside the ESCF andpisrformedby ESCF staff.
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1 Life Detection and Biohazard Assessment for samples from restactes operates in parallel with
the SEC phase, atakes place entirely inside the ESCF ametiformedby ESCF staff.

9 After the SEC period, a Preliminary Examination (PE) period starts with the goal of answering the first
and major scientific questionsfahe mission. During this period samples are prepared and
characteri®d in the ESCF in a similar way to the SEC but ¢racaateri®d and proved to be free of
biohazard (restricted mission), the sample will be distribuieexternal laboratoriegor dedicated
analyses bgcientists to be selectealccording tanissionspecific criterige.g. largeinterdisciplinary
groups or small numbes of scientists, restricted to some countries or worldwide). The goal of this
period is to benefit from the expertisend instrumentation of worleclass experts and specific
instrumentation to achieve rapidigh-quality scientific results. The duration of PE is also specific to
each mission. As an example, the PE period for the Stardust mission at comet 81/Wild 2 fested o
year, wascarried out by appropriately qualified scientists around the wanhdl was very successful
in terms of scientific results.

1 Once the PE is over, the lotgrm phase starts. During this phase, samples will be prepared and
characteri®d in the ESF to be allocated to individual scientists or teams on a proposal basis with
the aim to answer second order or new arising questions.

In the specific and simple case of unrestricamples the major difference between the phases is
mostly administrativeand varies in the selection of involved scientis@ample preparation,
characteristion and documentation is expected to be mostly the same in terms of instrumentation and
analytical methods.

1.4 Report Structure

The structure of this report traces thehronologicalorder which would befollowed for the design and
implementation of &uropean Sample Curation Facility (ESKB#.approach does not reflect the manner
in which different aspects of thEURGCARES projeutere arranged into separate work packagéut is a
logical way of viewing the requirédputs now that the project is completed.

Information arising fromndividualWPshasbeen collectecand harmonized thenreorganized, as shown in
Figurel.3. The cabured boxes represent the main sections oistheportand, following the chronological

approachtaken (indicated by the blue arrow at the top of the figure@re organizedas a sequence of
operations.

NOW MISSION ARRIVAL
I |
1
G - Purpose of ESCF s Pttt |- +f P staff Training | |
I I S - Sample Preparation
[} I
1 | - ESCF Activities and Workflows ‘ | 1 - PRF Design |—-| | - PRF Building | ™ | 5— ERC recovery ‘
I | S - Sample Manipulation
|
G - SRM definition S— Recovery Procedures Testing | | | S - Sample transportation to ESCF ‘ + ‘ S - Sample Early Charachterization |
1 [}
| — — I S - Life Detection and Biohazard
1 I- Demﬂ‘:annn, Commissioning 1 5 - Ssample Storage
and Testing
1 I S - Sample Long Term Storage
! |
: A- Analogue Curation :
I 1
LEGEND D7.2 SECTIONS
G General information & Definitions Introduction
1 Infrastructures ESCF Conceptual consideration and Design
P staff ESCF and PRF Building
A Analogue ESCF activities before ERC landing
H Sample ESCF Extended Activities

Sample Recovery

ESCF Short Term Activities

ESCF Running Activities

Figurel.3 - Timeline of ativities
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Thereport is laid out as follows
Chapter 1: Introduction (this chapter)

Chapter2:  (onceptual considerations and design
highlighs the activities to be performed inside the ESCF, and gives suggestions to be
incorporated inthe design phase éntainment, cleanliness, staffing, siting, etc.).

Chapter3:  European Sample Curation Facility and Portable Receiving Facility (PRF) Building:Design
describesFunctional Units and how they are linked in different design optidnsludes
recommendationsdr a preferred design

Chapterd:  Activities before landing
describesactivities to beundertakenprior to samplearrival on Earth, to t&t operations and
processes in the ESQicludes discussion of analogue samples

Chapter5:  Continuousactivities:
de<cribesactivities performedhroughoutthe timespan of the project, from the launch of the
mission to longerm storage of the samples.

Chapteré:  Sample recovery
describes the activities that surround recovery of the Earth Return CagERERnd its
transportation to the ESCHcludes recommendations for landing site.

Chapter7: Immediate Activities:
describeghe activitiesthat are carried out as soon as the ER@turned samples are brought
to the ESCF.

Chapter8  Longterm activities.
focuses on proceduresto be performed after the shofterm ones, when the initial transient
phase inded.Includes Public Outreach and Education programmes

Chapter9  Recommendations and Next Steps:
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2 CONCEPTURDNSIDERATIONS &IGH

2.1 Activities and wrkflows

The activities that will be undertaken within the ESCFRlaseribedn this sectiorin terms ofseparateactivity
workflows for samples, procedures and workers.

2.1.1 Samplesrbm RestrictedMissions

Figure2.1 shows the sequence of operations performed inside containment in the E8GEstricted
missions Operations to be conducted on the samples are indicated, witBpatifying theexactlocation in
the ESCF whetdeywill take place

!

Restricted
samples

SEC sample in canister

Internal to ESCF

Key

|:| Potentially . Hazardous . Non
hazardous hazardous

Figure2.1- Flow diagram of procedures that will be performed on a restricted sample in the ESCF
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As described in the workflow, after the initedmple characterisationas been complete@vhils the sampe

is still in its canistdr the main research question for the samples is to ascertain if there is the presence of
extant or extinct life A predetermined proportion of the sample will hesed for LD and BAPhisfraction of

the returned sample will be dependent on the amountrefurned sample, its type and the techniques that
are available at the time. These tests will mostly likely be destructive to the sample or altsudhia way

asto reduce its further scientific valuéhe initial full sample that is returneby the sm@cecraftcan be
described as the Total Amount of Sample (TS) and can be subdivided as:

9 Life Detection Samples (LDS), which will be investigated for LD and BAP gctivities
1 Preliminary Examination Samples (PES), which will be used for Preliminary Exanfiftetianalyses.

The TS will also contain a proportion of the sample that will be left unopened and stored-tetangtorage.
This will be an undefined amount of time and will allow the samples to be examined in the ptueatially
for many decadesotcome)using enhanced or new techniques, these are defined as Preserved Samples (PS).

Therefore:
TS =LDS + PES + PS

In some caseshe sum of PS and PES should be equal to 0, for example when the total amount is lower than
a defined value and all the sautes should be analysed.

Rummel et al (2002) proposedhat about 10% of returned sample/as a reasonable amount of sample to
be usedor LD aml BAP assessment, the same approach that had been uded Wincenzi and Bag$981).

In contrast MEPAG E2EAG (2011)alculated that anass of 1.5 g of sampleas assumed reasonable to
conduct LD and BAP tes@iven improvements in instrumentation and detection limits since the previous
reports. According to this approach TS < 1.5g it would mean that dietsample would be analysed for life.
So, TS=LDS and PES + PS = 0.

Thesesuggestiongre illustratedin Figure2.2, where the amount of LDS versus the TS is shown.

ASvs. TS
3,5

LDS (g)

0 15 TAS (g) 15
Figure2.2 - Amount of sample required for leEbd BH (LDSlependent oriotal amountof sample (TSkturned by space mission

2.1.2 Samples for Unrestrictediséions

Figure2.3 shows the required sequence of operations inside the ESCF for unrestricted missions &frou
tests that will be conducted on the samples are indicated, but without specific locations where they will be
undertaken. The workflow is generally less complicdteth for restricted samples.
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Canister

v

SEC sample in canister

Opening of
canister

Head gas — Full analysis

Y

Unrestricted
samples

./ Pristine samples to
> curation

SEC

Working samples

Preliminary and detailed
examination

Packaging
and sample
dissemination

Internal to ESCF

Y

External to ESCF

Science outside of ESCF

Key
\ — e,
Questions \:j:» Tests ( Samples \w
L /
g S
D Non
hazardous

Figure.3- Flow diagram of procedures that will be flmed on an unrestricted sample in the ESCF

2.1.3 Operations

Figure2.4 shows an overview of the operations which will be conducted in the unrestricted section of the
ESCF, witladditional details regarding the speciferea in which they should be conducted. The levels of
cleanliness that must be maintained have been indicated, this then ties in the connections between each of
the areas, including the flow of samples and workers through the facility.

We have distingutsed operations where the sample can be left inside the original canister (yellow boxes)
and the operations where the sample will need to be taken out ofdhmister(orange boxes). Similarly,
Figure2.5shows theoperations to be conducted in the restricted section of the ESCF.
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2.1.4 Staff

Figure2.6, for unrestricted facilities only, shows which physical links should exist between different areas, to
allow a smooth patithrough the ESCF for staff can be modified depending on the design of future missions
e.g. if there is the use of robotics in tEESCFThe workflows have been developed mainly for curators and
technicians,sincethey will access the facility on a daily basis. Mapping their activities is of the utmost
importance to define how the facilities can be interconnected.
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Figure2.6- Flowof workers in unrestricted science areas
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Maintenance staff comprise three categories, with different security clearance and access requirements:

1 Cleanroom technicians, cleanroom instruments, daily
1 Facility engineers, technical areas (power supply, ltiation, etc.), daily
1 External companies, in both technical and curation areagpgie service and maintenance.

Regular cleaning staff will ndie granted access to cleanroom and other controlled areas. Cleaning of
sensitive areas (such as cleanrooraentainment rooms, etc.) will be performed by the appropriate
Curators/Technicians.

Security staff should be granted accéssinrestricted areas and in viewing corridors.

2.2 Containment and l€anliness

2.2.1 Principles ofleanliness

2.2.1.1 Cleanroom Bfinition for theESCF

Cleanrooms are designed to control airborne contamination to a specified level. Thetedfoee designing

a cleanroom for the ESCF it is necessary to identify what particles will be generated within (and ingress from
outside) and to what level theontamination needs to be removed/preventdeigure 2. 8hows the airborne
capacity of particles dependé on their density and sizdé-or particles in the grey zones of the diagram a
cleanroom might not be needed, this could be replaced by protective idgtho reduce particle

contamination

Airborne Capacity of Particles

4 Particles:round @ \ / | particles: fibres

4

Desnity in g/cm?

SaS 1+ 2:clean

Aluminium >

2 9’ 5as 0:
Sas 3: cleanroom f convential
e Rt 9’ manufacturing
ﬁ environment
0,5 ;’/
0,2
Materialbeispiele: H /
p(aluminium) =2,7 g/ecm?® 0,1 T T T T T T T 7 Wl g
p(steel) =7,8g/cm? 1 2 5 10 20 50 100 200 500 1000 2000
lystyrol =0,02-0,09 2 . -
Plpolystyrol) glem 400 pm particle size in pm

Figure2.7 - Airborne capacity of particles, depending on size and density. Diagram courtesy of Dr. Udo GOMMEL, Fraunhofer IPA,
Department Ultraclean Technologies and Micromanufacturing, Stuttgart, Germany

2.2.1.2 Airflows
There are a number of different airflow patterns that can be used within a cleanroom to remove particles

(seeFigure2.8), these are:

1 Turbulent or nordirectional airflow.This is achieved through partial coverage¢he ceiling with Fan
Filter Units (FFUs). The cleanliness is achieved by diluting the air within the room with cleaner air.
The more air changes per hour (i.e. the faster the diluting happens) the cleaner the cleanroom is.
However, cleanliness greatdran ISO 5 (in ISO 14644 standard for particles) cannot be achieved with
this airflow pattern, and the turbulent air combined with a high air change rate can be disruptive to
returned dust samples.
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1 Laminar, or unidirectional airflow. This is used for higtlasses of particulate cleanliness (ISO 5 to
ISO 1, ISO 14644 standard classification for particulate contamination allowed). It is achieved
primarily by full coverage of the ceiling with FFUs for the inflow of air with the exhaust at the base of
the wals creating a down flow of clean air. Raised perforated floors can be used for higher cleanliness
and full laminar flow in the whole room. The airspeed is fixed at 0.5m/s, therefore the air change
rate for the room will be dependent on the height of theilogy. Additional precautions must be
taken to not disturb the laminar flow (e.g. perforated tables or counter top) while working in the
cleanroom.

9 Tunnel cleanroom, otbom in a roon®@ part of the ceiling is fully covered with FFUs (main ceiling)
then additional FFUs, this creates a mixture of turbulent areas and laminar flow areas.

We recommend using laminar flow for maximal flexibility.

A0 Y v
= =

InspectionZ ssembly
ke air outler Cleaning 2

Turbulent Airflow Room-in-Room Laminar Flow
Iow| Investment Costs > high
high< Cross-contamination Potential | low

difficult | Maintenance of Product Cleanliness > easy
low| Flexibility/Upgradibility > high
high< Modification Costs | low
difficu|t| Control of Process Parameters (Temperatur/Humidity/...) > easy

Figure2.8- Airflow in a cleanroom. Diagram courtesy of Dr. Udo GOMMEL, Fraunhofer IPA, Department Ultratlealodies
and Micromanufacturing, Stuttgart, Germany

2.2.1.3 Standards forl€anrooms

Different standards for cleanroosexist; these depend on the area of the world that the cleanroom is built

in or the commissioning body¥rigure2.9). There will be different considerations for the level of cleanroom
needed depending on the type of samples being handled; for unrestricted samples there is a need to remove
particulates and organic contaminants, where for restricted samgiesetis also the need to remove any
biological contaminants to avoid forward contamination of the samples.

We recommend the use of the Good Manufacturing Practice (GMP) standards for biological contamination.

2.2.1.4 AirHltration

For the unrestricted sections tfe ESCFoncern is for contamination of the samplagEarth contaminants.
Therefore the primary focus is on the filtration of the inflowing air and not the exhaust air. The exception to
this would be when hazardous chemicals are being used or prodagadyproduct from a test procedure,

then the exhaust air would require filtration to remove the chemical(s) or the procedure would be
undertaken within a fume hood. Restricted facilities within the ESCF would require the same controls on the
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inlet air, but there is also a requirement to ensure that the probability of unsterilized sample particles of
XHNYY ©0SAy3a NBE(ESHESSS Rtudy Group, 2012) E M n

To achieve particulate cleanliness and biological particle removal-Effglency Partiglate Air (HEPA)
filtration should be used, and for a higher standard of cleanroom Ultra Low Penetration Air (ULPA) filtration
can be used. HEPA and ULPA filters capture airborne particles in a combination of the following three ways
depending on the sizef the particles

1 Impaction (particles 2 um), larger particles will impact onto the filter fibres as opposed to following
the air currents around the fibres. The impaction factor will decrease with increasing airflow or
greater distance between fibres.

1 Interception (<L um), small particles are drawn along the air flow path and contact the outer surface
of the fibres and are captured.

9 Diffusion (<0.1 um), the smallest particles that are in Brownian motion will contact the fibre and will
adhere to it.The diffusion capture process increases with low flow rates through the filter.

Generallyonce a particle has contacted a fibre, it is attaclemlvan der Waals forces and is not released
(First, 1998). The size of the particle most likely to penettlateugh the filter is approximately 0.3 pum for
HEPA filters, and 0.12 um for ULPA, but it also depends of the velocity of the air passing through the filters.
As such the testing of these filters is undertaken with artificially generated particles ofitedin a range
around that size).

EG-GMP EG-GMP = US Fed. | DINEN 0,1 pm 0,2 pm 0,3 pm 0,5 pm 1,0 um 5,0 pm
"in "at Standard 1SO pro pro pro pro pro pro pro pro pro pro pro pro
operation”  rest" 209E* 14644-1 m3 cbf m3 cbf m3 cbf m3 cbf m3 cbf m3 cbf
1 10 0,3
2 100 3 24 1 10 03
3 1.000 30 237 7 102 3 35 1
1 1.240 35 265 8 106 3 35 1
4 10.000 300 2.370 67 1.020 29 352 2 83 2
10 12.000 340 2.650 75 1.060 29 353 10
5 100.000 2.833 23.700 671 10.200 289 3.520 100 832 24
A 3.520 100 20 0,6
A 3.520 100 20 0,6
B 3.520 100 29 0,8
100 26.500 750 10.600 300 3.530 100
6 1.000.000 28.329 | 237.000 6.710  102.000 2.890 35.200 997 8.320 235 293 8
1.000 35.300 1.000 247 7
7 352.000 9.972 83.200 2.357 2.930 83
B 352.000 9.972 2.900 82
C 352.000 9.972 2.900 82
10.000 353.000 10.000 2.470 70
8 3.520.000 99.716  832.000 23.569 29.300 830
C 3.520.000 99.716 29.000 821
D 3.520.000 99.716 29.000 821
100.000 3.530.000 100.000 24.700 700
9 35.200.000 997.167 8.320.000 235.694 293.000 8.300

Figure2.9- Different standard for air cleanliness. Diagram courtesy of Fraunhofer IPA

Since a major requirement of the restricted ESCF is its ability to contain particles of ,Gae petommend

using a cascade oftBks with ULPA filters for the exhaust air. This approach is currently used in high
containment microbiological laboratories worldwide where HEPA filter are used in banks to reduce the
likelihood of a particle being released via the aerosol route.

Each tpe of contamination requires a different type of filter (e.g. active charcoal filters for organics, HEPA
and ULPA filters for particles). Filters can be added after one another for the removal of different types of
contaminants
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2.2.1.5 Positive Ressure anCleamoom Cesign

Positive pressure is a requisite of cleanrooms, and is achieved by having more clean air entering the room
than the air being removed. Cleanroorase designed with successive layers of increasing cleanliness and
with a cascade of pressure withe highest positive pressure being the cleanest part of the laboratory. This
pressure cascade is designed to limit the movement of particles from an area with a lower pressure to that
with a higher pressure (i.e. from dirty to clean).

Transition spaceot staff must be kept between areas of different cleanliness. These areas can be airlocks,
gowning rooms, or air showers and are used to help remove particles from the air and the staff before
transition to a cleaner area. Air showers use directionalairihit high velocities to remove larger particles
GHp>Y0 FTNRBY adrF¥F Of20KAY3AZ YR FNB dzadzZ fte avlfft
They are also a useful psychological tool to reinforce that cleanliness is extremely important, whilst being an
acceptable procedure fataff (seedeliverable D3.4). One of the conclusions of this study is that air showers
should be usedvithin the facility. We identified two possibilities that may coexist in the ESCF:

9 Closed air shower, or closed air tunnel. This type of airlock is integrateceiwdinkers path, to
separate cleanliness levels. They can be laminar or turbulent. The latter is faster in use and is
preferred in this instance.

1 Open air showers are corridors of clean air around facility: These units operate 24 hours a day,
continually fitering the air by recirculating it through a HEPA/ULPA filter and creatifigjrasurtainQ
The idea is that by continuously filtering the air, the chances of having loose particulate material in
the facility is reduced

To summarizeseeFigure2.10.

Gowning procedures
Personal protective equipment
Positive pressure cascade

Particles not introduced
Procedures and protocoles

Cleanroom validated equipment
Personal protective equipment

Air or water showers
Air filtration
Regular cleaning
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Figure2.10- Summary of cleanroom principles and actions to achieve cleanliness
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2.2.2 Principles of Ghtainment

This section specifically deals with the issues pertaining to restricted samples.

2.2.2.1 Negative Ressure andlevels ofoontainment

One of the principles for high containment laboratories is to use a hnumber of layers between the agent being
KFYyRft SR FTYR (KS 2dziaARS 2F GKS FIrOAfAGes 02y OSLX
laboratories are kepat negative pressure to the outside, utilising more exhaust air than supply air to create

a negative pressure. However, although negative pressure is a requirement for high containment laboratories
there are no specific international recommendationstioe magnitude of the differentials (e.g. Rogers et al.,

2007; Ide, 1979) (see D3.4 for more details).

Containment laboratories have design requirements adapted to the agent being handled, and range from
Biosafety Level (BSL) 1 (erpn-pathogenicEscheichia colj to BSt4 (e.g, Ebola virus). Planetary protection
measures recommend that the highest level of containment is used for restricted return samples as they may
O2yGLFAYy dzyl1y2s6y o0A2t23A0Ff 3ASyda | yRsdiKS 91 NIKQ&

The use of high pressure differentials within the facility needs to be balanced with the operation and
functionality of the facility. The facility will need to be designed and built to withstand high pressure
differentials. This can add extra costthe facility in terms of building quality and energy consumption of
the facility when in operation. Achieving the desired pressure differentials can be challenging and can be
the cause of delays caused by lengthy commissioning periods ensuring therpreascades can be

achieved and maintained.

2.2.2.2 Containment Jipes

2.2.2.2.1 Primary containment
Primary containment describes the protective barrier between possibly biohazardous sample and staff.

At the highest level of biological containment, BSthere are two egineering approaches that are generally
used for the safe handling of high consequence pathogens (WHO, 2004). These are either:

i Cabinet Line Laboratory. Work is carried out within a series of interconnected class 3 Microbiological
Safety Cabinets (MSC) e the worker uses thick rubber gauntlets on the side of the cabinets to
manipulate the infectious materials. Samples enter through disinfectant baths (dunk tanks) and
waste leavethroughadouble door autoclave.

1 Suited Laboratory. Workers wear a postipressure suit supplied with breathing air by umbilicals,
linked to compressors which are located on the service floor. Within a suited laboratory, class 2 MSC
are normally used to confer extra protection to the workers and the samples from contamination
during manipulation.

In the case of the ESCF, another engineering approach is being considered, i.e. aVialdudsolator
(DW1), being the primary and secondary containment. This isolator is operated at negative pressure with all
penetrations or sealbeing surrounded by an outer compartment at positive pressure. If there is a leak from
the DWI operating area it will be from the positive pressure compartment which will be filled with filtered
gas and so will not contaminate the sample. If there isak s the outside of the positive pressure
compartment it will just be filtered gas without any biohazaifithe possible asphyxiatidmazardwill be
minimised,with enough sensors and emergency procedureplaceto avoid a depletion of oxygen around

the DWIs.

These three different approaches haadwuge impact on the design and operation of the laboratoaes
are considered further in Section 2.2.3
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2.2.2.2.2 Secondary containment
The next level of containment is the laboratory itself (room, systems, etc.), s@apects of which are
negative pressure, directional airflow, sealability and filtration of extracted air.

2.2.2.3 AirHltration

The EU Directive 2000/54 requires the air supplying adBfatility to pass through at least one HEPA filter,
and two HEPA filters iseries on the extract side, mounted separately. This allewsdependent testing

and replacement of each filter (HSE, 2009) and provides protection if one of the $ifteatd fail Once a

filter is installed it still requireén situtesting to ensue it is operating correctly. To make the testing and
replacement of the extract HEPA filters easier they are usually located in the plant room outside of the
laboratory. Installed HEPA filters should be regularly tested (rules differ from country to gptm&nsure

they operate correctly.

An argument could be made thaamples should be kept within primary enclosures with their own fiJters
with decisions abouthe number of HEPA filtermadeon a risk assessment basis for each oféhelosures
dependng on the procedures and operations that will be undertaken in them and the likely challenge for the
filters.

2.2.2.4 Redundancies

As with all systems, some redundancies must be built in. Depending on the equipment, on the risk of failure,
and on the danger ithe case of failure, redundancies can be of the type 2n, or n+1 (with n beimgithber

of pieces of equipment that might fail, e.g., a HEPA)unit

2.2.3 SampleHandling andimaryEnclosures

2.2.3.1 Unrestricted &mples

Unrestricted samples must be kept in a spec#invironment, to avoid alteration. Usually, samples are kept

in positive pressure gloveboxes, with a constant supply of an inert gas (nitrogen, sometimes argon or helium
is used; See deliverable D3.4 and D4.1 for more information).

2.2.3.2 Restricted &mples
In the case of restricted samples, the safetystdiff mustbe ensured, alongside nesontamination of
samplesThere are three possibilities:

1 Cabinet Line Laboratory
9 Suited Laboratory
1 DWI Line Laboratory

This section details the different laboratory typaisd how they can be used in the case of a sample return
facility.

2.2.3.3 Cabinet line laboratories

Microbiology Safety CabirefMSC Figure 2.1)are typicallyemployedin microbiology laboratories, and use

a combination of directional airflow and high air clgenrates to prevent exposure of workers to any
microbial aerosol within the working area of the cabinet. Within Europe, cabinet performance is specified in
the European standard EN 12469:2000 for biotechnology performance criteria for microbiologicgl safet
cabinets (BSI, 2000).

The MSC type 3 (MSC3) is designed to offer the highest level of protection to the worker and the surrounding
environment whilst also protecting the work from particulate and biological contamination (Chosewood and
Wilson, 2009).
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Figure2.11- A MSC3 in operation at PHE Porton (UK)

The MSC3 exhibits a very high protection factor when operating correctly and allows the users to work
without the necessity for respiratory protection or constraining suits. However, the cabinets ddiffibelt

to work with and restrictivédbecause othe positioning of the glove port§heirhigh airflow and turbulent
environment is unsuitable for handling materials such as powders.

Cabinet lines arecomposedof severalMSC3 are connected to form a Bpi FdzNJi K S NI may{ be o Q &
connectedonto the spinefor manipulation of the samples and to house specialist equipment required for
processing, e.gmicroscope palance etc. The cabinet line spine is used to move the samples along to the
necessary cabindiranch where the manipulation/analysis can be performed. Technical details about MSC
can be found in EUROCARES deliverable D3.4.

2.2.3.3.1 FlexibleHIm Isolators

Flexible Filmdolators (FFI) have been used in the UK for working with risk group 4 agents atstigéacall)
animals (van der Groen et al., 1980). FFI are thought of asstamaard MSC3, where a metal frame is
constructed with a flexible canopy covering it. It increases the flexibility of the work that can be completed
within the FFI compared to a M2 or 3 because the design can also include a number of half suits on the
floor of the isolator allowing operators to be inside, increasing the usable surfaceFageag?2.12).

Modified FFI have been used foettransport and treatment of infected patients with high risk group agents,
such as during the recent West African Ebola virus epidemic, where infected workers were transported by
plane to specialist treatment facilities and then housed in large isolatorisg treatment.

Figure2.12- A flexible film isolator use®@St4 at PHE
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While classic MSC3 provide a high degree of operator and sample protection, they must be adapted to the
procedures and equipment. FFI are a solutibat offers more flexibility. They can be incorporated into a
cabinet line by futureproofing it with the design of sections where further cabinets can be attached
containing additional equipment. This allows the modification of operations performed within it as newer
equipment become available.

2.2.3.4 Suits

Positive pressure suits are used within most-B3aboratories. With the operator wearing the positive
pressure suit specific procedures with the infectious agent will be undertaken in anfop#rcabinet to
reduce the possibility aklease to the wider environment because suits will only help to protect the worker,
not the laboratory environment. However, for ngrormative processes such as large animal experiments,
suits can be used as the main containment system. Positive pressiisénave been used within the nuclear
industry with a long history of safe use.

The layout of the laboratory needs to allawovementof a worker in an inflated suit without danger of
knocking into any equipment or damaging the suit. Technical detadlstesuits are available in EUREARES
deliverable D3.4.

2.2.3.5 DWI Line Laboratory
Another possibility is a sequence of DWIs, with full robotic integration for sample manipulation. The concept
of one DWI ishown in Figure 2.13

In the case of DWIs, workers casear simple lab coats, knowing that the samples are not in contact with
external contaminants.

Hot (pathogens present)

jBuffer.corridor)

Cold (pathogens not present)

Figure2.13 Schematic of the imaging suite at the National Institute of Allergy and Infectious Diseases (NIAID) Integrated Research
Facility (de Kolercadoet al., 2011

2.2.4 Design Solutions foilgan and/orContained Aeas

Some design solutions can be helpful to keep a clean and/or contained environment.

2.2.4.1 Windows andslass Vdlls

It is foreseeable that the ESCF will attract a lot of attention fdifferent sources including media and
dignitaries, and that requests to visit it will be numerous. It would be impossible to accommodate visitors
inside the working rooms and as such alternative designs or arrangements should be reviewed to increase
0 KS ¥ Oty WhieBeQe# pos3iblé, wisdaws or glass walls should be used to allow a direct line of view
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to the working area(s)If a training centre is constructethen this can be used for tours and educational
talks.

2.2.4.2 Instrumentsntegration

For the curatiorfacilities, we followedhe recommendations of D4.2 in trying to keep the largest instruments
outside of the cleanrooms and/or contained areas. This system, based ondnterctedcontained/clean
areas and nostontained ones, was nicknamé&#lliQand isshownin Figure 2.14

The purpose of keeping instruments outside of the working areas is to:

1 Minimize particleemitting and offgassing sources inside the DWI and laboratory/cleanrgoms

9 Limit the need to decontaminate (fragile) instruments (for restricted gkas)

1 Allow staff to operate some of the instruments without going through donning/doffing of protective
clothing, and to wdk in a more relaxed environment;

1 Allow maintenance from outside of the laboratory.

Instrument integration into the facility ancgboratories requires development of the instrumentatj@uch
systems have been devised and constructed already, for example instrumentation at high containment
facilities at the US Army Research Institute at Fort Detrick.

Figure2.14shows a functional layout for th#illiCsolution.

Laboratory Wall
'| | Secondary Containment

J—‘;L

‘\

~ Storage Room -
No Containment|

0
Monitor Room -
No Contamnment
1
i

[

Figure2.14Graphic representation of one villus. A villus is composed of-agrgained working room (in green), hosting an
instrument (in blue). Samples are kept within the primary containr@ser (in red), with secondary containment being the
laboratory room (EURECARES deliverable D3.4, 2017)

Primary

Containment

| Sample

Zﬂl ‘ '—.J_,_-

Each instrument room can be equipped to handle specific requirements, such as low vibrations,
electromagnetic field suppression, etc. The construct@nthe laboratories with the large pieces of
equipment external to them will help to reduce their semed lower costs of the facility

2.2.5 Waste Handling andegilisation

For unrestricted laboratories and cleanrooms, there is no biological threat to theoemvent. Liquid waste
should be treated only for potentially harmful chemicals. Solid waste having been potentially in contact with
samples (disposable tools, gloves, etc.) will be stored and carefully searched for sample particles before
disposal with otler waste following traditional systems.
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2.2.5.1 Solid Waste &ontamination

2.2.5.1.1 Autoclaves

Autoclaves have historically been used to provide an effective method of sterilisation of laboratory waste
(Block, 2001). The most effective way of sterilising waste befommiieave a high containment laboratory

is through autoclaving. Within a B8Uaboratory the autoclave is required to be dougleded, with
interlocking doors. The external doors should only be able to be opened once a cycle has been completed to
all the parameter set points. This stops unsterilized material from being released from the laboratory.

The Europeartandard 12347 describes the minimum operating parameters that must be exceeded for a
correct autoclave cycle. There are a number of different alatee cycles that can be useahd these will

reflect the waste that is being processed, i.e. high liquid volumes, or highly absorbent loads. Validation of the
cycle can be completed using either chemical, physical or biological methods, or a combifhatiome dhan

one. Spores of the bacteri@eobacillus stearothermophiluare recommended as the biological indicator
organism, as these are resistant to moist heat. Chemical indicators that change colour after exposure to the
required conditions can be used@hermocouple recordersan also be uset establish if suitable conditions

have been achieved for each cycle.

If the autoclave cycle failshen the waste inside can be returned to the laboratory and the autoclave
repaired. Autoclaving provides a weltablished and easily validated methodology to sterilise waste
generated in the laboratory, by constant monitoring of physical parameters.

2.2.5.1.2 Incinerators

Incinerators use combustion at high temperatures to reduce the waste within it tecoombustible ash.
Incineration is used as the final stage of the solid waste disposal process, where waste is incinerated after
autoclaving. As such there are no incinerators housed directly withistB8htainment facilities.

The most standardised design of incineratthe dual chamber incinerator. In this design the waste is fed
into the bottom chamber which is operated at a temperature ranging from-&@&D °C; The oxygen content
within this chamber is also regulated, allowing the control of the oxidation of thetavand fixing of the
carbon. Waste gases from this chambanmove to the second chamber, which is above the first one, where
extra air is introduced to burn the wastgasesfrom the first chamber. The temperature in the second
chamber is higher than ithe first one, at >108°C (Block, 2001).

Generally, incineration after a validated autoclave cycle is unnecessary as there is little benefit and the
incineration process is costly and environmentally unfriendly.

2.2.5.2 Liquid Waste

Mostof the liquid waste prodoed within a BS# facility is from either positive pressure suit decontamination
showers or from personal showering. Small volume processes completed in the restricted areas will also be
collected in the effluent system. The effluent system must have BEPA filters in series if it uses
atmospheric ventilation to stop any contamination within the gases from being released in the environment
(Chosewood and Wilson, 2009).

The effluent treatment system must be completely sealed to prevent any leakagdw#raffThe material

the effluent treatment equipment is constructed of must be able to withstand any chemicals that are used

in the treatment process and also used in the laboratory. Currently the preferred method of treatment for
the effluent is heat, prduced by steam, this is because it is easier to validate, control and therefore
reproduce (WHO, 2004). Other methods can be used such as chemicals or heat and chemicals in combination.
After treatment the effluent can be cooled and discharged to the maimes (HSE, 2009), or if the treatment

is chemical then the effluent must be neutralised and/or returned to a neutral pH prior to discharge. The
construction of the effluent system should allow for regular inspection of the pipework, with no pipework
beinghidden from view e.g. by enclosures. Any drains araehids incorporated into the system must be
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able to be sealed or engineered to prevent drying out to stop any air from the effluent treatment plant from
returning to the laboratory. The pipework should Bble to be steriliseth situto reduce the need for human
intervention during operation.

The effluent system should work on a gravity feed because this removes the need for back up devices in the
event of a pump or power source failure. The treatmenssels must be situated in a plant room that is
bunded, to contain any leaks or spillages from the treatment vessels. This bunding must be able to hold the
capacity of the treatment vessels plus an additional 10% (HSE, 2009). This needs to be demdnysfitkied

the bunding with water to this level and then being held over time with no loss. In the case of large facilities
that are envisaged to be in continual ysken it may be appropriate to use two processing tards once

one reaches the fill levend the treatment is undertakerthe other tank allows the laboratory to continue

to operate. The processing tanks should be able to stir their contmngnuallyto maintain homogeneity

of the effluent during treatment.

Validation is completed usirgological indicators, such as sporesofstearothermophilusAfter validation,
monitoring of the physical parameters can be completed to determine if the process if effective, prior to
release of the treated effluent to drain

2.3 Security Issues
2.3.1 Overview

Hazards in the case of the ESCF can be classified in three different categories:

1 External hazards (natural and noatural);
91 Infrastructure hazards &flure of pumps, filters, etc.);
9 Protocol anchumanrelated hazards

A sample receivingnd curatiorfacility will require a number of different approaches to maintaining security.

This implies that a security approach should planned for the facility itself, the surrounding environment, the
staff, the samples and the information generated from the testing regiithe type of security systems
applied inside the ESCF not only depends on regulatory requirements, but also on the mission of the facility.
A good security system should, among other things, increase overall safety for laboratory personnel and the
public improve emergency preparedness by assisting withljgel yy Ay 3z | yR f26SNJ
liability. There are four integrated domains to consider when improving security of a facility:

w Architecturat doors, walls, fences, locks, barriers, controlledfraccess and cables/locks on
equipment;

w Electronic access control systems, alarm systems, password protection procedandsyideo
surveillance systems;

w Operational signin sheets or logs, control of keys and access cards, authorisation procedures,
backgraind checks, and security guards;

w Information: passwords, backup systems, shredding of sensitive information

2.3.2 Risk Assessment Strategy

All the potential hazards inside the ESCF should be studied and for each of them -easerstenario should

be hghlighted. Thanost common method is a Risk Matrix, where hazards are identified and then weighted
by their severity of impactand by thelikelihood that they will happen, the combination of impact and
likelihood will give the overall risk
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Table2.1- Rsk Matrix

Likelihood
Provision Rare Unlikely Possible Certain
Severe Medium Medium High
Major Low Medium Medium High
g
g- Moderate Low Low Medium Medium High
Minor Low Low Low Medium Medium
Minimal Low Low Low Low Low

Table2.1shows the cases where the risk is acceptable (green), where the risk is acceptable with mitigation

(yellow) and where the risk is not acceptable (orange and fiea)le 2.2 is a cataloguetbie types othazards

that may be present.

Accidents in a facility such as the ESCF can impaetaldifferent areas, including: the staff, the surrounding
environment and population, and the samples themselves. The Risk Matrix should be considered @r each
these areas. Where hazards to health may not be the only hazard, but failure in the facility can lead to the
loss of scientific importance of the mission, impacting on the financial and reputation aspects of the facility

and project staffTable shows a norexhaustive list of potential hazards for the ESCF.

The strategyo follow is show in Figure2.15

Describe
Work Activities

Identify
Hazards

Determine
Risks

Is Risk
Accetable?

NO

Prepare Risk Control
Action Plan

Implement
Control Measures

Review
Adequcy of Plan

YES

Proceed with Work
and Monitor Controls

Figure2.15- Risk assessment strategy and mitigation. Figure modified frttp/www.dartmouth.edu/~ehs/biological/risk.html
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Table2.2- Potential hazards for the ESCF. Modified after presentation by U. Ndldires, EURCARES WP3d&shop, Vienna,
2016.http://www.euro-cares.eu/files/WP3 Vienna/Presentations/Muel@oblies EUROCARES WP3 2016 PRESENTATION.pdf

Category |Hazard Example
Sealability Leak tightness less than that specified
Building Surfaces Outga;sing _
Doors Leak tightness less than that specified
Penetrations Leak through poorly designed penetrations
Emergency procedures Faulty alarm
Laboratories Equipment Outgassing
Furniture Furniture broken
Air Handling Units (AHU) Failure of AHU
Air Ventilation controls Failure of pressure sensors
Air filtration Failure of filters leading to contamination of the samp
Effluent treatment Inefficient decontamination protocol
Liquid |Effluent piping Leakage of pipes
Flood detection Failure of flood sensors
Waste treatment Inefficient decontamination protocol
. Autoclaves Fails certification testing; autoclave seals fail.
Solid
Dunk tank Leakage of tank
Incinerator Failure of incinerator
Electricity Low continuity of power
Generators Failure
Services |Water Flood
IT & Telecom Release of data
Gasses Unclean gas
Documentation Wrong sample code
Entry/exit of laboratories Wrong exit process
Human factors Loss of a sample
Processes|— .
Maintenance Infrequent maintenance
Change management Loss of information
Competency management and Trainjfptrained staff
Earthquake Barrier break
Tsunami Flood
Tornados Air flux disrupted
Wild fire Contamination by particles
Natural :
Floods Water contaminated
Air pollution Risk to samples integrity
Water pollution Risk to staff
Solar storm Power outage
Non-Natural Terrorism Barrier break

A full risk analysis of the fdity will be required using one or more of the following methodologies HAZOP
(Hazard and Operability Stud)esSWIFT Structured Whatif Techniquey LOPA Layers of Protection
Analysi$, etc. This will require input from the architects, scientists, bieyadnd safety professionals from
the project and from external organisations.

The risk analysis will inform the design of the ESCF and will specify requirements for redundancy such as:

1 Having dual HVAC systems operating at less than full capacity sib tme fails the other one can
take the full load

1 The use of backip generators or uninterruptible power supply (UPS) to prevent loss of power

9 Back up storage vault for critical samples.
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The facility shall be designed to minimise risks related to @tlisasters (such as earthquakes, floods, etc.),
man-made disasters (such as terrorism, etc.) and other external hazards, such as a fire (this topic is further
discussed in EURCARES deliverable D3.1).

Security processes will be designed according ¢aitks associated with the samples, personnel and building
(human errors, technical failures, etc.). The indirect interaction between humans and samples (especially for
restricted samples) shall be kept to a minimum, for safety and security reasons.

2.3.3 Resticted/Unrestricted Areasotess

One of the main issue of an ESCF is the infrastructural security, which begins at the perimeter of the building
and becomes increasingly more stringent moving toward the interior area, where sensitive material,
equipment, @ technology will be held. This requires that the ECSF layout shall be take a layered approach as
shown inFigure2.16, where the level of security increases with each internal layer.

SRF
RESTRICTED

SCF SCF
RESTRICTED UNRESTRICTED
PUBLIC
OUTREACH

Figure2.16- ECSF layout defides concentric

Following this layered principle, there will be a need to identify access requirements for staff (and
visitors/visiting workers) within this facility depending on where they are required to work. To do so, three
types of identification tod can be used:

1 What you have such as an identification badge
1 What you know such as a code
1 Who you are by using biometric identificatiore(g.,fingerprints, facifor retinal recognition, etc.).

For a relatively low level of security (e.gnteringan office), a personal badge and/or a key should suffice.

For higher security parts, one or two other types of identification should be added, such as a code to enter a
cleanroom, and a biometric identification reader to access the sample storage rodtb¢d-onlyCoption

may also be considered). This type of system is very flexible, and can fine tune the access of the various
rooms.

Examples of welllesigned security levels can be found at most high containment facilities, for example the
Public HealthOntario (PHO) facility in Toronto (Canada), or the International Atomic Energy Agency
(UN/IAEA) laboratories in Seibersdorf (Austria
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2.4 ESCF Functional Units
2.4.1 Description

The ESCF will haseveraldiverse functions, and is designed to be able to hosowartypes of samples. For

the sake of clarity, the ESCF concept is broken down into several areas linked with specific functions. These
are the ESCF Functional Units (FUs), showahie2.3. The colour red is used for scientikt)s dealing with
potentially biohazardous samples, the colour blue is used for scientific FUs dealing with unrestricted samples,
the colour yellow is used for the last scientific FU, which will host only terrestrial samples. The colour green
is used for acommodation of people.

ThePortable Receiving Facility (PR&part of the ESCF but separate from it; the PRF is considered in Chapter
3. A RemotéstorageFacilityis also a separate building from the ECSF, but is not considered in this Adport.
the other FUs, Sample Receiving Facility (SRF), Sample Curation Facility (SCF), AnaletpeRdoitity
(AMUF), Work Space, and Public Outreach are units to #@&cated on a singl##ampug

Table2.3 ¢ Functional Units for the ESCF

Assessing;leaningand/or packaginghe spacecrafton the landingsite. Delivery

PRF UnrestrictedPRF Restricted of the spacecratt to SRF.

Receivingthe samplecontainer, cleaningand openingof the outer layersand
delivery of the unopened sample canistersto the curation facility. Clean
environment. For restricted samples, containment environment required.
Receivingf the samplecanister,accessinghe samples PreliminaryExaminatiof
(sample and hardware) and Sample Early Characterisation, Curation and
DisseminationFor restricted samplesLife Detectionand BiohazardAssessmer
Protocol. Ultra-clean environment. For restricted samples, high containmen
environment required.

Support spacefor workers (offices, meeting rooms, social rooms, restaurant
etc.).

Work Space

Spaceaccessibléo the public (different categoriesof public, TBD}o promotethe

FUDIE QUTEES) activities of the ESCF.

Personneltraining, instruments and protocols testing on analogue samples

AMUF . . . . Lo
v Material testing for cleanliness and containment suitability.

Remote StoraggRemote StoragqStorageunder dead-modeof a TBDpart of the samplesCleanenvironment.For
Unrestricted Restricted restricted samples, contained environment.

Red- scientific FUsehling with potentially biohazardous sampRue - scientific FUs dealing with unrestricted samphdlow -
scientific FUor terrestrial samplesGeen- accommodation of people.

In Table 2.4ywe examine the relationships between FUs, in term of catooih of staff. Physical links to allow
for transfer of personnel wereonsidered:+ indicates a necessary linkindicates a necessary absence of
link; () indicates a possible link, if it is deemed beneficial for scientific goals; no marker indicatdsetha
presence or absence of link is scenario dependent.
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Table2.4- Links matrix for onsite FUs

d Work Space | Public OutreacIL AMUF

ISRF Unrestricte

+ 0 - +
- - +
SRF Unrestricted + +
7t :
Work Space +
Public Outreach +
AMUF

+ necessary link;necessary absence of link;pgssible link, if deemed beneficial for scientific goals; no marker indicates that the
presence or absenc# link is scenario dependent

Restricted FUs and unrestricted were treated separately, for the following main reasons:

1 Instruments cannot be shared between restricted and unrestricted samples (Fietradhi2016);
T Instruments will need to be modifiet fit into villi or DWI;

1 Additional facilites will be required for BAP/LD;

1 Retrofittingis not sustainable (SEA, 2012).

For both unrestricted and restricted FUs, we joirtled SRF and SCF in the functional layout. It is not a strong
requirement, but it m&es the transfer and opening of the sample canisters easier.

2.4.2 Parts of EchFunctionalUnit

The first step was to define the functional relationships and adjacency of each room or area of the FUs. To
do sq the environment of each room, regarding cleanlisesontainment levels (for restricted samples),
presence of humans and/or robots, etc. was defined (3able 2.3). In Table 2.4,we examine the
relationships between FUs, in term of ciratibn of staff. Physical links to allow for transfer of personnel
were considered:+ indicates a necessary linkindicates a necessary absence of link; () indicates a possible
link, if it is deemed beneficial for scientific goals; no marker indicatestlieapresence or absence of link is
scenario dependent.

Tablélhe definitions took into account the flows of activities, what samples would be manipulated and what
staff would be required.

2.4.2.1 Analogue / MocitUp Facilitf{AMUF)
This FU shoulde built before the other scientific FUs, and has several purposes:

Testing of protocols and instruments, using analogue samples

Storing a sufficient collection of analogue samples

Training and vetting of stgff

Development of containment solutions aeduipment for the restricted facility;

Participatingto the public outreach program;

Testing of materials and building techniques, before applying those to the other scientific FUs.

=A = =4 =4 =4 =4

This FU has been designed to be smaller in comparison to the other $-a¥amdboXallowing curators,
researchers, engineers, technicians and contractors to test and validate protocols, equipment and materials
before using them on the precious returned samples. The analogueiupdiacility features notably a
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gowning suite(replica from the one for restricted FUs),¥lli systenf) a storage room, a replica of an
examination room and a smaller room to be used for material tesfitng. AMUF will not receivhe Earth
Return Capsule (ERGY we did not include a higbay.

2.4.2.2 Rdurned Sample Laboratoriesei@@ralDesignDecisions

At the interface of SRF and SCF, there is a Material Airlock coupled with a Dirty Tool room. These rooms are
used as an airlodior reception ofthe ER®@r the sample canisterThey are also an area fimstruments and
toolsthat need maintenancer calibration out of the laboratoriesvhen such tasks woulatherwise disturb

the operation, cleanliness and/or containment of the laboratogaifried outinside.The oboms are also used

for the removal ofdecommissioned instrumentsThe area must be accessibley corridor from the
laboratories in the FU.

The Vault is located next to the Preliminary Examination Room so the samples can be accessed and stored
with limited transportation, reducing time and resmes required to access them.

Doors for entering rooms are sized depending on what is required to pass through them; either people (single
door) or instruments (double doors). In general, doors open contrary to the air flow and haawgt@matic
closing nechanism

2.4.2.3 Receiving&eility

Receiving facilities (Unrestricted and Restricted $Rf)dea highbay, able to accommodate a truck and
potentially cranes if the transport case and ERC are too heavy to be moved mparudlilly enclosed
unloading dock habeen chosen as part of the SRF for cleanliness/containment and security reasons.

The ERC goes through a cleaning and opening room, and then the sample canister is introduced in the SCF.
Layers of the ERC are also introduced in the SCF, to be curatdddicated storage room.

The level ofcontainment, as well as transfer mechanisms from one room to the otisatependent on
whether the samples are restricted anrestricted

2.4.2.4 UnrestrictedSample Curation Facilgnctional ayout

The Unrestricted SGB split into two suksections; one extremely clean part for pristine and analogue
samples, and a section for returned samples, spare hardware storage and preparation of samples to be
disseminated to external laboratories.

Work on samples should be conded in positivepressure gloveboxes filled with an inert gas (see D1.3 and
D3.1). Staff entrance is possible through a gowning suite adapted to the level of cleanliness.

The receiving area for samples is shared with the general receiving area (for iastajraonsumables,
maintenance needs, etc.).

Flow of samples and staff is usually through doors, with the occasional use of an airshable 2.5
allocates a numerical value to different processes that are carried out within the FU within the EB@F, so
different aspects of the use of the FU can be evaluated.
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Table2.5 - Parameters for the Unrestricted SRF and SCF. Frequency: 1 = every day; 3 = very week; 9 = rarely. Cleanliness level: 1 =
ambient; 2 = medium; 3 = clean; 4 = ultlaan. People vs Rots: 1 = people only; 2 = Robots only; 3 = both possible. Light blue
indicates high cleanliness areas, dark blue indicates lower level cleanliness areas, and green indicates no cleanliness level

Areas Frequency of use Cleanliness level People vs. Robots Alr sehnot\évrer 0 Changing room
SRF
#01 Receiving area 9 1 1 N Y
#02 Opening/Cleaning 9 3 3 v v
area (cycle)
#03 Material Airlock 9 2 1 N N
SCF
High Cleanliness Curation
#04 Preliminary J 1 4 3 Y %
Examination are
#05 Vault (Samples) 3 4 3 Y Y
Medium Cleanliness Curation

Outside of cleanroom
#16 Instrument alcove 1 1 1 N N
#17 Monitor room 1 1 1 N N
18 Distribution/Packag 3 1 3 v v
ng room
#19 Buffer corridor 1 1 1 N N
#20 ISO 4 Changing 1 1 1 N N
room
1 ISO 5 Changing 1 1 1 N N
room
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2.4.2.5 RestrictedaboratoryFunctionalLayout
In this laborabry, the main design driver was the way the sampleshandled.

A large part of the facility is designed to hagtveralinterconnected DWIs. Since a DWI provides primary
containment and a physical barrier from sample to laboratetaff can access thiaboratory where it is
positioned using only a rear fastening gown over disposable cloffizigle 2.6)As the DWI will have robotic
manipulators within staff will not be required to directly interact with it in the laboratory because the
manipulators wi be controlled remotely. Howeverin nornrnominal situations such as emergency
procedures or maintenance of the DWI then it may be necessary to have airtight suits for workers to use, or
some form of access to the inside of the isolator using gauntietaptic systems

Table2.6 - Parameters for the Restricted SRF and SCF. Frequency: 1 = every day; 3 = very week; 9 = rarely. Cleanliness level: 1 =
ambient; 2 = medium; 3 = clean; 4 = ultlaan. Containment Level: X = none; m = medium; h= high. Pedptbots: 1 = people only;

2 = Robots only; 3 = both possible. Yellow indicates medium containment levels, or gradual containment levels, Oraeg¢hedicat

highest containment level

Areas Frequency of use Cleanliness level Containment LevelPeople vs. Robots Al séhnc;:/rer L Changing room Deco(re\;(%hower
SRF
#01 Receiving area 9 1 m 3 N Y N
#02 Opening/ Cleaning 9 3 h 3 v v v
area (cycle)
#03 Material Airlock 9 2 m 3 Y Y Y
SCF
Contained curation
#04 Examination area| 1 4 h 2 Y Y N
#05 Vault (Samples) 3 3 h 2 Y Y N
406 Cc?ntamlnatlon/CIe 3 2 h 3 v v v
nliness Assessme
#07 Storage Area (HW 9 3 m 3 v v v
Coupons)
#08 Tool room/Dirty 9 2 h 1 v v v
Room
#09 Material Airlock 9 2 h 1 Y Y Y
#10 Corridor 1 8 h 1 Y Y N
Non-contained rooms
#11 Instrument alcove| 1 1 X 1 N N N
#12 Monitor room 1 1 X 1 N N N
#13 Storage rooms 1 2 o 3 N N N
(consumables)
#14 Storage rooms 1 2 n 3 N N N
(general)
#15 Sterilisation area 9 3 h 8 Y Y Y
#16 Changing room 1 2 n 1 N N Y
#17 Suit changing rooms 1 2 m 1 N N Y
#18 Corridors 1 1 n 1 N N N
#19 Bathrooms 1 1 n 1 N N N
#20 Janitor room 1 1 n 1 N N N

Another part of the restricted SCF is designed to use either MS@B8iraary containment, or positive
pressure suits. Staff entrance for this part is through a changing facility, whether using arsafit where
staff will be required to don protective clothing before entering the restricted area.
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A material airlock witldecontamination capacities between those two parts allows for flows of instruments
and staff if needed. This airlock, by completely isolating both parts of the laboratory, allows for a complete
shutdown of one part (for maintenance or emergency) withgupacting the other part

2.4.3 Sizing of énctionalUnits

Sizes of rooms have been defined according to the activities conducted {fisidies 2.7 to 2.10FU sizing

has been completed on information known on current technology, it would be envisaged thae fu
technology development would lead to a change in the sizes used in the ESCF. Specific areas have been
custom sized (and are described below), while more common parts of a laboratory (gowning, changing
rooms, air shower, etc.) have been sized accortbrmur visits to existing facilities, and interactions with the
designers at Merrick and Company. Sizes indicated are minimum sizes. When the functional layouts were
defined, the sizes may have changed to a certain extent

2.4.3.1 Analogue / MocitJp Facility
Tale 2.7 - Sizing for the Analogue / Mod#p Facility Dimensions are in meters.

Areas Length (m) Width (m) Height (m)
#01 Test room 9 10 8
#02 Instrument alcove 5 5 4
#03 Monitor room 4 4 4
#04 Suit suite X X X
#05 Material suitability room 4 4 4
#06 Storage room 5 5 4

2.4.3.2 Unrestricted &boratory

Requirements are summarised in Table 28e SRF needs to accommodate a transportation vehicle for the
transport packaging used to safely house theCHB transfer from landing site to SRF and should be high
enough to accommodate, for example, a temporary cleanroom or a crane. Owing to the unrestricted nature
of the sample there is no issue of biohazard so the same docking station can be used tonenssrand
pieces of equipment.

Opening/Cleaning area should be large enough for relatively large return capsules.

Preliminary Examination Areas are the largest rooms in the unrestricted SCF, and are planned to
accommodate up to 20 gloveboxes.

Sample Rrparation and Contamination/Cleanliness Assessment areas are wide enough to allow two working
stations (or counters) on opposite ends and a wide enough for two people to stand in between.

Dirty Tool rooms are scaled so that large pieces of equipmentadinrgugh for maintenance and cleaning
purposes.

Instrument Alcoves are designed with large machinery in mind, where they will be designed according to the
pieces of equipment they will house (see deliverable D4.2). But to future proof theldeves cafbe made

larger than necessary to accommodate equipment at later stages. Some large pieces of equipment will
require stabilisers while others may needraraday cage. Monitor Rooms are large enough for observation
windows and desks to be accommodated inside
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Table2.8 Sizing for the Unrestricted SRF and ®@iRensions are in meterkight blue indicates high cleanliness areas, dark blue
indicates lower level cleanliness areas, and green indicates no cleanliness level.

Areas Length Width Height Iterations
SRF
#01 Receiving area 10 13 8 1
402 Opening/ Cleaning 5 8 4 1
area (cycle)
#03 Material Airlock 4 5 4 1
SCF
Contained curation
#04 Preliminary 9 10 4 2
Examination area,
#05 Vault (Samples) 6 6 4 1
Medium Cleanliness Curation

Outside of cleanroom

#16 Instrument alcove 5 5 4 2

#17 Monitor room 4 2 4 4

#18 Distribution/Packag 7 7 4 1

ng room

#19 Buffer corridor X X X X

#20 ISO 4 Changing X X X 1
room

41 ISO 5 Changing X X X 1
room
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2.4.3.3 Restricted &boratory

Requirements & summarised in Table 2.8imilar to the unrestricted facility, the SRF for restricted samples
needs to accommodate a transportation vehicle delivering the transport container with the ERC inside.
However, the facility design will include another dockstafion for pieces of equipment, when containment
measures are not necessary, allowing for quicker access to the facility.

The opening/cleaning area should be large enough to accommodate any ERC, witthexplasge enough
between the docking station a@the opening/cleaning area. This space should be modifiable in order to allow
for the return of any ERC shape/design in future missions.

Preliminary Examination Areas are the largest rooms in the restricted SCF, and are planned to accommodate
up to 20 gbveboxes or DWIs.

Dirty Tool rooms are large enough for the big equipment to fit through for maintenance and cleaning
purposes. It will also be necessary to include a sterilisation chamber/room to ensure no unsterilized material
is transferred out of théacility.

Instrument Alcoves are designed with large machinery in mind and they will be considered with the
equipment they will house. Some large equipment will require stabilizers while others may need a Faraday
cage. Monitor Rooms are large enough fbservation windows and desks. In the case of restricted samples,
the containment cascade must be maintained to ensure no unsterilized material is released to the
environment.

Sterilisation of the samples and waste will be undertaken in the high containtabaratories. Primarily
through energy sterilisation methods that will need to be validated. A sterilisation area adjoining the
laboratories may also be necessary, this will be used to remove equipment from the laboratory. This area will
be equipped wittthe equipment necessary for the validated sterilisation process e.g. gamma irradiation, dry
heat, but have airlocks either end to ensure unsterilized particles are not released from the room

2.4.3.4 Work Space

Requirements are summarised in Table 2Afkeas hag been designed to be of a size that is adequate to
fulfil their intended purpose (and considering the total number of employees that is foreseen for the ESCF,;
cf. D3.1 and below) but also will allow for flexibility if instrumentation needs change orefuwibork is
required and the laboratory can then be adapted. For instance, in this case @.&aBleve account for a

large bathroom unit that accommodates over 40 persons with male, female and disabled access bathrooms.
If the design needs a larger areben it might be wiser to have multiple smaller bathrooms.

For the most part, the working areas consist of shared offices with multiple meeting rooms ideally located in
between them to favour interactions between employees. Single offices are consideredhdor
administrative staff and curators. The Server room is narrow and long but this takes into account the
consideration of multiple server racks in a side by side configuration. Its location, if possible not next to an
exterior wall, will need to be asifas possible from potential sources of interference (i.e. from power plants
or lifts, etc.). An Archive Room is also included to allow the storage of hard copies of documentation (i.e.
based on different visits of similar facilities and curation expertised copies will still be used in the next
decades even if increasingly digital files are generated). It is also a nadawdorlikeQroom, so the
documents can be stored in cupboards or archive cabinets with drawers. It will need to be ensurdgkthat
environmental conditions are maintained at a level that will not lead to damage of the media over an
extended period. A larg#ission Contrdoom (roughly over 100 m?) is designed for scientific committee
works or emergencies meetings. It can digoused for press conference or other purposes yet to be defined
according to needs.

Page| 54



Table2.9- Sizing for the Restricted SRF and B@fensions are in meter€olours show the level of containment, from none (white)
to high (red).

Areas Length Width Height Iterations
SRF
#01 Receiving area 10 13 8 2
402 Opening/ Cleaning 5 8 4 1
area (cycle)
#03 Material Airlock 4 5 4 1
SCF
Contained curation
#04 Examination area| 9 10 4 3
#05 Vault (Samples) 4 5 4 1
406 antamlnatlon/CIe 4 4 4 1
nliness Assessme
407 Storage Area (HW 4 4 4 1
Coupons)
408 Tool room/Dirty 7 5 4 1
Room
#09 Material Airlock 3 4 4 1
#10 Corridor X X X X
Non-contained rooms
#11 Instrument alcove 5 5 4 5
#12 Monitor room 4 2 4 4
#13 Storage rooms 3 4 4 7
(consumables)
#14 Storage rooms 3 4 4 1
(general)
#15 Sterilisation area 5 6 4 1
#16 Changing room X X X 1
#17 Suit changing rooms X X X 1
#18 Corridors X X X X
#19 Bathrooms X X X 2
#20 Janitor room X X X 1
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Table2.10- Sizingfor the Work Space. Dimensions are in meters.

Areas Length Width Height Iterations
Workers
#01 Security booth 2 3 4 2
#02 Entrance desk 5 4 4 2
#03 Entrance hall 10 15 4 1
#04 Meeting rooms 14 10 4 3
#05 Guest offices 5 5 4 2
#06 Single offices 3 3 4 5
#07 Shared offices 4 3 4 7
408 Administration 3 4 4 5
rooms
409 Mission control 12 8 4 1
room
#10 Archive room 16 4 4 1
(papers)
#11 Server room 10 4 4 1
#19 Security camera 5 5 4 1
room
#13 Social rooms 4 5 4 2
#14 Cafeteria 20 8 4 1
#15 Toilets/Bathrooms 8,5 5 4 1
2.5 ESCFitthg

2.5.1 Siting Rquirements

This project is a deskased study and aso no specificsite has been chosetthis section summarises the
characteristics thamust be considereavhen choosing the final locain for the ESCF.

The siting of the facility depends on the following overarching factors:

1 Site constraints

o0 Topographical

o National regulations
91 Possibility of international/European/multinational politics
1 Funding phases.

Since the ESCF is primarily deed to receive the ERC, and secondarily for access of collaborating external
researchers and visiting officials (potentially a wider audience due to the Public Outreach program), it is
recommended that the facility is positioned somewhere that is easitgssible. This involves choosing a site
with good existing transportation networks (roads, airport, train station), or to have the option to create the
necessary infrastructure (although this will ignificantadditional cost angocould be a major isge).
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When dealing with restricted returned samples, it is recommended to have a medical facility métriiye
capability ofhanding patients infected with unknown biohazardsr the provision of a quarantine facility at
the facility.

Although the deign and subsequent operatiois a multinational effort, the construction would usualig

carried outby local contractors. Since the ESCF facility will be bespoke and require specialist construction in
some areas, contractors from other countries may bquired for certain phases of construction and will
need to travel to the country.

Natural and manmade hazards for the ESCF site are to be considered (see the &afton and Risk
Assessmelfp

Whilst there will be a high political impact on whereetBSCF will be constructed a detailed traffewas
not undertaken within this project comparing the impact for the ESCF housed on one site or with FUs
separated over several sites/countries. Scenarios havequisly been presented in D3.1.

2.5.2 Siting Rrametrs

2.5.2.1 Required Height for th@horatories

The spacing between the floors of the ESCF will be dependent on the layout of the laboratory and the
associated plant material, services required and the effluent treatment system. The height of the laboratory
itself will be dependent on the equipment in it, the heat load given off by the equipment and the required
parameters for the negative pressure/air flow in the laboratory (i.e. a large volume will require a more
powerful HVAC system to be altéemaintain the gt parameters)Franchi et al., 2016). Each FU has different
requirements, hence different height$igure2.17). A comprehensive design of the ESCF must take into
account these space requirements.

BSI.-4 like
Laboratory

° Cleanroom

Work Space

Figure2.17- Requred heights for FUs. A B&like laboratory will be used for all restricted FUs. Cleanroom design will be used for all
unrestricted FUs. (a) Effluent systems and waste treatment; (b) Working space; (c) Buffer corridor; (d) Air filtering systems

Restrictel (BSi4 like) laboratories require the most space above and below, usually two floors above and
one floor below large enough to accommodate waste treatment (waste tanks). In general, liquids are kept
below the laboratory floor, while air handling systeare kept above it. The machinery itself typically does
not require a height of several meters, but it will impact the maintenance and servicing if staff cannot easily
access this floor.

Unrestricted Laboratories have less need regarding waste and efftreatinent systems, and have also a
more limited heating, ventilation and air conditioning (HVAC) system. All the different cleanrooms can be
located on one floor, with a system &rey are&surrounding them, housinthe machinery. However, a
dedicated foor for the machinery will help with the maintenance and servicing without causing
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contamination. Leaving the outside walls of the cleanrootilseQwould also allow space for better
integration of the instruments and possibilities for public outreachubing seehrough windows.

The third block irFigure2.17, shows a standard office level with a false ceiling, included for comparison
purposes to the scientific FUs

2.5.2.2 Position of @®und

Each floor must be easily accessible to acotmdate ingress of new equipment, egress of decommissioned
instruments and of waste. This is extremely important for the areas that support the laboratories, such as
the effluent treatment and air handling floors, but also for the receiving areas for thesugplies and
consumablesFigure shows several possibilities, by using gslifts and by using the position of the ground
relatively to the buildingThe facility configuration in this figure is a BSlike ©nfiguration

Configuration I Configuration II Configuration IIT
d d d

a

— P | :

Figure2.18- Placement of ground level. (a) Effluent systems and waste treatment; (b) Laboratory level; (c) Air filters and machinery
I; (d) Air filters and machinery II; (e) Goods lift

In configuration I, the entiréuilding is above ground level and a goods lift is used to service each floor. The

lift must have the capacity to carry any piece of equipment needed in the facility (including any possible
machinery in the future)Movement of large lifts can also credte WLIA 412y SFFSOGQ & KSNE
facility can be affected. The use of large lifts needs tedresideredwhen designing the air handling of the
building. In this configuration, the laboratory itself is on the second floor, hence being lessibEascase

of unauthorised security access of the building. Issues can arise with this configuration if there is a breakdown

of the lift meaning no equipment or supplies can be transported between floors unless they can be manually
carried by the stairwll.

In configuration Il, a sloped terrain is used (or built) to allow an access to different floors from the ground
level. The concept could be artificially generated by building a ramp around the building, allowing a road
access to each of the main ldseThis design would mean that heavy equipment could be moved into the
building on pallet trucks without the need for a lift between floors, providing easier access for larger items.
This solution could increase the cost of the infrastructure and may géserate for example unwanted
vibrations.

In configuration 1ll, the effluent systems and waste treatment floor is below ground and can be reached
through an opening on the side of that area, whilst offering ground floor access for the laboratory level.

Access to the lower level is somewhat more complex than in the other two configurations, and a goods lift is
still required for upper levels. The lower level of the facility would need to be designed to withstand flood

water entering from the ground or ruoff areas outside

2.5.3 Materials Rquirements

The materials that could be used for containers, tools or gloves (everything that could be in close or direct
contact with the samples) are discussed in this section. Building materials (walls, floors, paift;estm)
considered here because they would be dependent on what would be identified in the design phase of the
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project and would have to adhere to the local building regulation of the nation where the facility would be

built.

In general, materials withlaw rate of particle production, a low rate of outgassing and a simple composition

(meaning they can be measured easily in contamination instances) are favoured. A review of both metallic

and plastic materials is given below

2.5.3.1 Metallic Materials

Metallicalloys should be preferred to other rigid materials such as carbon fibre and other carbon compounds
(e.g. SiC, TiC) because of their lower outgassing rate (at least one order of magnitude less; Craig Jr, 1980).

The following properties should be considdna the selection of the metallic alloys:

1 Outgassing rate. A low outgassing rate is needed in order to minimize the risk of forward
contamination.
1 Rigidity and resistance to breakaggnis has to be considered only in case of transport outside the
ESChiorder to withstand to shocks (i.e. it is not a fundamental property for containers that remain

inside the ESCF). Although there will need to be a level of rigidity for materials used in the

construction of equipment in order to allow them to function ecgbinet wall materials.

1 Thermal conductivityThis should be taken into account in case the samples need to be maintained

at a reduced temperature and hence thermal insulation from the container is required.
1 Cost.This is something to be consideredvifa or more materials have similar properties.
1 Electromagnetic propertie€lectrostatic and/or magnetic charging can alter the properties of the
samples, or make the manipulation of smsilted particles difficult. On the contrary, some materials
can shiéd the samples from magnetic fields.

We do not consider density in this traddf analysis, since the amount of samples to be transported is
expected to be low (in the order of some grams) and heteeO2 y i AYSNEQ &A1 S

relatively snall. Therefore, container/box mass is not critical, contitarboxes aimed at transporting entry
and return capsules (whose masses can be inthe order’™df 0 > T2 NJ 6 KAOK RSyaade

selection (Longobardo et al., 2016). A sumn@rthe considered properties is givenTable2.11.

A a

Table2.11- Physical properties, thermal properties (Patrick, 1973; Edelmann, 1992; Koyatzu et al., 1996; Huttel, 2014; Moshey,
1982) and costs of metal alloys (ded from an analysis of the current market prices).

Outgassing rate and cost are the only criteria taken into consideration for transport of samples inside the
ESCEF, if there is no requirement for l@mperature storage. For both criteria, stainlesees is the most

appropriate material. Young's modulus (i.e. resistance to being deformed elastically during a mechanical
stress) should also be taken into account for materials used in the transport containers used externally to the

Alloy Ol_J6tgassir_119 ra_tze Young's modulus | Thermal conductivity 'Cost '
(10°torr I s™ cm®) (GPa) (W/(m. K)) 0ekil30
Stainless steel 0.05 195-215 16-24 1.3-15
Aluminum 0.6 70-80 230 1.5-1.7
Magnesium 1 40-45 120 1.6-1.8
Titanium 0.1-0.3 85-130 6 43079
Copper 0.7 120-150 400 4-4.5

facility; stainless gl is again the most suitable alloy because it has the highest rigidity.
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If the samplesnustbe kept cold, titanium may be more appropriate than stainless steel because it has better
thermal insulation properties. However, its greater outgassing rate @oer of magnitude larger than
stainless steel) and cost (~7 times more than stainless steel at current market price) might preclude its use.
A combination of two (or more) alloys could also be considered but should be avoided as the number of
materials sed should be kept as low as possible to allow for detection in contamination identification

2.5.3.2 PlastiViaterials

According to WHO requirements for packaging, plastic materials should have a good mechanical resistance
and a low permeability to avoid escapé pressure or material. In addition, a low outgassing rate is a
fundamental property, since it minimises the risk of contamination to the samples. Plastics should be
chemically inert as well, to avoid any reactions with the samples, or with chemicalslused analyses.

Longobardo et al. (2016) describes that the polymers with the lowest outgassing rates are Polyurethane (or
Adiprene, polyether or polyester-#Bocyanate copolymer), Teflon (tetrafluoroethylene polymer),-REtr
Neoflon, chlorotrifluor@thylene copolymer) and Perfluoroelastomer (or Kalrez, tetrafluoroethylene
perfluoromethylvinyl ether copolymer).

The following tradeoff has been performed on these four materials and is based on:

Wear/abrasion resistange

Water permeability (water resiance is anecessanproperty),

Nitrogen permeability (since the containers can be filled with nitrogen)

CQ permeability (since COnight be released from Martian samples or used as the atmosphere to

mimic Mars during sample handling)

1 Linear coefficientof thermal expansion (this should be low in order to minimise the risk of
permeability increase due to thermal expansion of the plastic material)

1 Cost.

= =4 =4 =4

Table2.12summarises the properties of the four polymers

Table2.12- Properties of Polyurethane, Teflon, Neoflon and Kalrez (Peacok, 1980). Peacock (1980) does not indicate the permeation
data of Kalrez and the reported values are relative to Viton (having similar permeation properties). Costs have bedrodedaved
analysis of the current market prices

.| Water permeability | Nitrogen permeabil] CQ permeability | Linear coefficient of

Wear/abrasion 0 P o . Cost
. (10°scmm & cmi”*cm | (1scmm §' cmi®em | (10°scmm & cmi?cm | thermal expansion ) )
resistence @ A - 6exkl130

atm™) atm™) atm™) (10> °ch

Polyurethane Excellent 260-9500 0.4-0.11 11232 42064 0.3-0.4

Teflon Excellent 27 0.14 0.12 42952 43952

Neoflon Very Good 0.5 0.004-0.03 0.02-1 42920 20-60

Kalrez Excellent 40 0.05-0.3 5.8-6.0 23 3000-5000

Polyurethane is not suitable due to its high levels of permeability. Kalrez has overall good mechanical and
thermal properties, but it is extremely costly compared to the other polymers.

Teflon and Neoflon @L:-F) are potentially the materials if material cost is a high priority. Linear coefficient

of thermal expansion are similar between Teflon and Neoflon; Neoflon has a lower permeability to water,
nitrogen and C@ but also a lower resistance to abrasiomdas at least three times more expensive than

Teflon. Thereforgfor the plastic bags in which the sample containers would be placed, Neoflon is more suited
0S0OldzaS (GKS al YL SaQ AyadzZ A2y Aa GKS YRthdbagh Y L2 N
being secured in the transport container to stop it from becoming damaged. Alternatively, for covering the
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internal walls of the sample containers Teflon should be used because it is less expensive than Neoflon and
thermal insulation would be praded by the external layers (i.e. the transport container).

2.6 Portable Receiving Facility (PRE¥ign

Previous recovery missions have not needed a portable facility that can be placed over the respective ERC
and the immediate area. This would only be cdesed necessary if the mission is Category V, restricted. In
this case, if the landing is nominal and there is no risk that the containment has been compromised, then the
ERC can be retrieved and packaged into the transport container. If there are adweatber conditions, rain

or high winds, then covering the ERC landing site can aid the packaging into the transport container by
protecting the workers and the equipment from damage. If there has been anparinal landing and a loss

of containment, then amobile facility placed over the impact site will also help to limit any spread of sample
material if there has been a breach of containment from the ERC through wind dispersal or precipitation. A
covering over the site will aid the process of dealing witimple release in the immediate vicinity of the
impact site, but if the sample release was wider than the area the covering can be deployed over then
contamination risks being spread with environmental conditions.

2.7 Staff
2.7.1 PRF@ff

Severafactors can be e to decide on the selection of staff required for the initial inspection, recovery and
transport of the samples to the ESCF. It would be envisaged that whilst there would be overlap between each
of these activities there would also be differences andwsh this would reflect in the makeup of potentially
different the teams being used. This would require a decision at high level whether a person or persons would
be involved in more than one of the aspects of the collection and transportation elemeatbwstild ideally

be selected on their ability for working with the technology needed for each stage of the recovery (Barrow
et al. 2007). Staff with specialist knowledge of the construction of the ERC would be required for the initial
inspection and potetial identification of any variances from the nominal landing process.

Throughout the landing process it would be necessary to have a multifunctional team available for different
purposes. This team must be fully trained and competent to fulfil the foligvflinctions:

w Recovery (including initial inspection)
w Transportation.

And if required:

w Environmental sampling
w Decontamination.

It would be prudent to have expert leads in each of the above fields within the team. Whilst a number of
scenarios would be uskn training exercises, it would be unlikely that every scenario would be covered and
therefore experience in the field would be required for the staff.

Selection of staff may depend on the chosen PPE required at the landing site. Certain physicébattribu
might be required and others selected against. If there is a suspected containment breach then it may be
deemed necessary for all personnel accessing the site to wear high level PPE, such as a positively pressurised
air fed suit. Conditions in these it can be hot, and physically demanding and reduce visual and
communication ability, so staff members might need a medical dest physical fithess assessméxatfore

they can be selected for the team.

A key attribute that should be sought in staff is #iglity to work in teams. It will be required to work using
I WodzRR&Q aedaiusSyY gKSNB 2yS LISNE2Y @gAtf dzy RSNIF {1 S
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another. This will be extremely important for tasks that require records being taken ates r@ing
documented. For example, during the process of taking environmental samples theetwon team will

work together with one person taking the sample and the buddy documenting the procedure, by recording
the exact location, sample type, conditioasd taking photographs. Another example would be for a complex
protocol the buddy can assist the operator by providing details of the protocol steps and any tools that might
be required, and therefore making it easier for the operator to focus on perfogrttie necessary steps.

The number of trained individuals would be determined during the mission design process. It would advisable
to have a number of staff members trained in more than one role so they can replace any individuals that
maybe not able to@mplete their task.

Figure2.19 showsan estimate of the number of staff and staff structure in planning a recovery operation

2.7.2 EZF &ff

During the initial phase of characterisation, experience shows that there is intense préssiotain results

quickly, and fatigue within science teams and technical staff is likely to be an issue. One member of the Lunar
{FYLES t NBEAYAYINE 9EFYAYlLIGAZY ¢SIY o0[{t9¢0 RSaON
analysing Apollo 1&amples (Taylor, 1994). In a curation setting, especially for Mars samples, fatigue could
further lead to breaches in protocol that could undermine both scientific and public confidence. Accordingly,
considerable attention should be paid to developingnsldor mitigating fatigue issuesfor example, by

having extensive training and a program of rotating staff, especially during the first few weeks to months
after a sample return mission.

As the sample return missions and the curation of the samplegeofects spanning decades, a mix of
experienced workers and of younger technicians, engineers and scientists would be beneficial. In general,
studies have shown that variety in staff regarding age, gender, disciplinary field or country of origin makes
work more competitive.

I Recovery Manager I

Logistics Manager Science Lead Officer Liaison Officer

* Liaison administrator Recovery Officer * Inter-agency

* Radio & Comms Operator * DPlanetary Scientist (astrobiology) * Base Commander
* Survival expert / Medical Technician * Public Health advisor * Local Gov

* Legal advisor * Environmental Scientist * Press

* Drnvers * DPlanetary Protection Scientist

* Pilots * Photographer

* Engineer / mechanics * Technicians

* Support staff (eg. Chef)

Figure2.19- Personnel for recovery process

Figure 2.20 shows the hierarcloy staff expected to work in the facility with their respective function(s),
including an estimate of the minimum number needed for the ESCF to operataumiizer of employees is
highly dependent of the state of the ESCF (FUs built, mission arriving or already curated, etc.).

The following list considers an integrated approach for the facility. But if the design concept is broken down
to different units, trere might be replicas needed such as separate staff working on unrestricted and
restricted missions.

The list was first compiled based on expertise of the WP3 team members, some input from the WP4 and then
completed using other various sources, includiregsonal working at JSC (NASA) and JAXA
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Figure2.20- Proposed orgagram of the ESCF

2.7.2.1 AdministrativeSaff

The administrative staff do not deal directly with the samples and are required whether the facility is hosting

unrestricted or restricted sampée

Director of the facility:Directs and manages all the facility operations. 1 full time person.

Administrative manager & Secretaryn charge of the business planning, finances, human resources, etc.
Supports staff, handles personnel issues and aswgiits various other administrative tasks. 2 full time

persons.

Quality officer: Writes and reviews operating procedures in collaboration with science staff. Carries out

guality audits. Interacts with external quality auditors. 1 full time person.

Safety dficer: Provides safety advice, risk assessments and planned maintenance schedules for the facility.

Carries out safety audits. Interacts with regulators. 1 full time person.

IT managerHandles the dayo-day computer and network related issues2 full time person(s). Can be
outsourced to an external company. If the facility is included in an already existing institution, there is no

need of a dedicated worker.

Database manager/programmerin charge of the database software (to develop, manage andtaiain

database(s) and the general website of the facility2. full time person(s).

Public outreach & Communication staf®rganises the activities of the Public outreach unit, promote the
ESCF through communication media. Liaise with local associatt@hsawthorities for ensuring open

communication. 12 full-time person(s).

Security staff:in charge of the security of the site and its asset6.fdll time persons. Can be outsourced to
an external company. If the facility is included in an already iegjishstitution, the number of dedicated

workers could be reduced if they already operate at the required level.

Restaurant staff:Applicable if catering is on site. Deals with the operation of the restaurabtfull time
persons. If the facility is ihaded in an already existing institution, no need for dedicated workers.

Cleaning staffin charge of the cleaning of the noastricted areas (i.e. nenleanroom parts) of the facility.
1 full time person. Can be outsourced to an external company. ffaitibty is included in an already existing

institution, no need of a dedicated worker.
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2.7.2.2 Sciencet8ff for GeneralFunctions
Sciencestaff deal with samples and maintenance of the facility.

Curator:Responsible for the curation of the samples. In chafgee@handling, documentation, preparation,
preservation and distribution/allocation of the samples. Also assumes managerial roles, supervises personnel
and is involved in education and public outreach. The same person can be curator for multiple callectio

per mission and/or set of samples, full time.

General (laboratory) supervisor/manageProvides oversight of dap-day technical and scientific functions
of the facility. 1 full time person.

Facility manager/engineerResponsible for ensuring th#tte building operates correctly and is correctly
maintained. May be responsible for contracting out servicing and maintenance (i.e. filter testing, room air
flow validation, autoclaves, primary containment, equipment testing, etc.). 1 full time person (?)

Archivist: Tracks the records associated with samples (loans, publications, etc.). Can be associated with the
sample dissemination manager, at first. 1 full time person (?).

Cleanroom technicianResponsible for keeping the laboratories clean, clearirggtools, helping with
organization in the laboratories, etc. and of the training of facility staff and visiting researck&fslltime
person(s).

Electromechanical technicianFixes and maintains things in the laboratories (lights, microscopes; hea
sealers, etc.) and of the major infrastructure systems that supply the laboratories @ralters, liquid and
gaseous N systems, UPW systems, etc.). Only light works, considering there will be full maintenance once or
twice a year done by an exterheompany. Can also build small custom things for thencteams. 12 full

time person(s)

2.7.2.3 Sciencet&ff for UnrestrictedSamples

Sample dissemination managerResponsible for dissemination of the samples to external science
laboratories (and to educaticinstitutions). Deals with loan agreements, contracts, shipping and receiving of
the samples, education & public outreach, etc. 1 full time person.

Unrestricted processorPerforms the preliminary examination on sample containers and samples. Prepares
sampes for dissemination, according to requests. Processors are-taised to be able to work on several
collections and several techniques. Training is performed with analogue samples. Unrestricted processors
cannot work on potentially biohazardous samglsince it requires a specific and demanding training. 2 full
time persons (to be increased with time and multiplication of the samples/collections).

Instrumentation staff: WP4 (Instruments and Methods) plans a suit of 13 instruments in total to pertfoem
SEC on unrestricted samples (see D4.2). To properly run these instruments, a minimum of 9 (full time) persons
is envisaged by the WP4 team

2.7.2.4 Sciencetaff for RestrictedSamples

Restricted processoiSpecially trained scientists/technician/engineethtandle restricted samples. Work on
samples in the BSLpart, on life detection (including BAP). Must work in pairs and for a limited time inside
the laboratory. 24 full time person(s). In the case where a robotic approach is preferred, workload will be
reduced.

Instrumentation staff: WP4 (Instruments and Methods) plans a suite of 13 instruments in total to perform

the SEC on restricted samples (D4.2), independently of Life Detection and Biohazard Assessment Protocol.
To properly run these instruments painimum of 9 (full time) persons is envisaged by the WP4 team. LD and
BAP will require additional instruments (see WP2 deliverables), and hence additional staff.

In total, we estimate between 30 and 50 staff independently on the choice of scientifizRkgstticted or
restricted).

An increased number of personnel will be required at each mission arrival. These personnel may be a
combination of permanent staff and visiting or contractual staf
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2.8 Internal Communications

There should always be a method einemunicating directly between the different units of the ESCF. Inside

the laboratories communication will beia a handsfree telephone, which removes the potential for

O2y il YAYIlIGA2Y 2F GKS g2N] SNRa FI OS 2 NoncadMiEnzafions KSy
within a cabinet line laboratory can be achieved easily but a different system will be required when the
operators are working in positive pressure suits as these can be noisy and difficult to communicate in, even
when two workers are stading together. In these instancesdio communication systems are employed

with push to talk microphones. This allows easy communication to others in the laboratory or outside the
laboratory. One security issue with radio usage is that people externdietdacility could intercept the
communications within it. This can be overcome by using a secure frequency and encrypted radios.

An ESCF communication plan is mandatory: laboratory personnel should be aware of the plan and should
know what to expect anavhat is expected of them.

Following the concentric infrastructural security approach, there is a requirement for a highly level of
redundancy for the communication devices used, so in an emergency thersewaeealdifferent ways of
communicating. This gies to both the internal communications systems (between each facility unit) and
the external ones (from the facility to the outside and viezsa).

The ESCF should be then considered as a net, where each unit is a node. If no unexpected incident occurs
nside the facility, the communication net is showrFigure2.21.

It should be notedthat, for graphical reasons, not all the connections are showed in Rigre :
communications is possibldcros€a unt, when it has two or more connections (i.e. SRF restricted unit can
directly communicate with the work space unit).

In this case the work space unit acts as an information collector, connected to all the other ESCF units and to
the outside

SRF
RESTRICTED

SCF
RESTRICTED

SCF
UNRESTRICTED

OUTSIDE
ENVIRONMENT

I PUBLIC

OUTREACH

Figure2.21- ESCF communication net

If an emergency affects the facility (i.e. some regular means of communication may be compromised:
telephones may not work, a power loss may affect access to computers, etc.), all the units are connected to
each other and to the aside. Figure2.22 shows the communication net in case of emergentlyis is
particularly important in case of security issues when, depending on the circumstances, some connections
mayfail.
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SRF
RESTRICTED

SCF SCF

RESTRICTED UNRESTRICTED

OUTSIDE
ENVIRONMENT

| PUBLIC
OUTREACH

Figure2.22- ESCF emeegcy communication net

Redundant systems are mandatory in case of unexpected incidents when an emergency affects the ESCF or
the surrounding environment. In #secasestelephone systems may quickly become overloaded, and local

or institutional police, seurity, or public safety officials may receive a number of calls that their network
cannot cope with. Text messagingsmail, and the internet can be the primary redundant means of
communication. Selpowered devices are also mandatory in case of extrenseljous incidents. If an
AYOARSYG KIFIa OlFdAKG GKS FdiGSyldAazy 2F GKS YSRALl X
conversations with reporters. Media inquiries should go through the person or group that is used to working
with the media, beause it is very easy for facts or issues to be misconstrued or presented in an inflammatory
manner. All involved should be instructed to forward calls and interviewers to the media relations group.
When an incident command system has been instituted,espiofficer will be appointed. All inquiries and
statements go through this individual or group.
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3 EUROPEAN SAMPLE QUBMAFACILITY ANIRPBBLE
RECEIVING FACI(PRFBUILDING [HEGN

3.1 Timeline of Bilding

Combinatiors of Functional UnitsKU) are consideredn ways thadeliverthe most efficient use of resources

and space, whilst providing the necessary scientific benefit to the projects handled within the facility. The
facility should be built with the idea of futurgroofing, to ensure the minimum amount of work is required

in the future. Although angpecificcombination of units should make sense structurally, technically and
architecturally, some scenarios are more likely tlogimers and are discussed below.

The most probable phasing is:

Step1 Analogue/MockUp Facility AMUB and officesto test building services, sampf@otocols and
staff training

Step 2 Either Restricted Laboratories or Unrestricted Laboratories, wktension of offices unit (if
necessary);

Step 3 The other scientific laboratories, with extension of the offices unit.
Public Outreach should be considered from the beginning.

Extension of scientific FUs is not considered here.

We identify the main stgs of the project, with an estimated time required for each step (Space Studies
Board, 2002; NIH, 2016; personal communication Merrick and Co.). In between each step, there will certainly
be added time for reviews by external experts or by the funding egefince it isurrently uncleamwhere

and how the ESCF will be built, théseermediatesteps might vary.

Development of new technologiesfor the restricted sample facility there will be requirements for the
development of new technologies to produce facility that meets the cleanliness and containment
requirements while allowingchievement okcientific objectives. These developmsntay include double
walled isolators (DWI) and novel methods of incorporating scientific equipmentibi|.

Pre-dedgn phasethis phase is to identify and document factors that will impact the project. We recommend
an integrated predesign phase, with an assembly of all the stakeholders involved in the project: users (Pls,
technical staff, etc.), architects and engams, safety officers, commissioning agents and an executive
committee. Depending on the mission planned, this phase should focus on protocols for the AMUF, and for
one of the scientific laboratories (24 months). The outputs of this design phase shdddvhite papers
regarding:

=

Scientific objectives

Ergonomics and staff webeing

Staffing

Budget

Master planning

Biocontainment strategy

Safety and security

Sample Early Characterisation Protocols
Life Detection Protocols

= =4 =4 =4 =8 =8 -8 =4

Out of this process shubd come a user requirements specification document (URS) which cgivéreto
designers and architects for them to provide detailed designs.
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Design phaseincorporating the requirements defined earlier room by room (with technical information),

the design aims at delivering plans that can be used for building the facility. This phase is composed of the
Concept Designed Phase, and of the Detailed Design Phase. Based on the detailed design, contractors can be
contacted for price estimations (up to 24 monjhs

Construction phasethe construction phase will be dependent on the type of facility i.e. restricted or
unrestricted. The possible timelines for this are +12 months depending on the construction materials to be
used and the complexity of the design.

Catification and Commissioningthis phase aims at troubleshooting and testing all building parts and
laboratory mechanisms: Heating, ventilation and air conditioning (HVAC), pumps, redundancy systems, etc.
(12- 24 months depending on complexity).

Procedues and protocols testing phasall procedures should be rehearsed with a trained staff. If required
mock ups can be constructed to assess the practicalities of the procediudeemed necessary, procedures
will be adapted (6 12 months).

The minimum ime required to build the first steps of the ESCF wdwdaround 7 yearsthis must be
completed prior to thereturn of samples

3.2 PRFat Landing Site

A tent can be erected within a short space of time to provide cover over the landing site, should this be
required for planetary protection purposegents and portable facilities are used in a number of other fields

to protect their occupants or the material within. Inflatable structuré&g(re3.1) can be bespoke made

the user requirements and are currently used in a number of situations to protect the occupants and material
inside, such as disaster management and military applications (field hospitals). They can be easily and quickly
inflated using a generator to peer the fan, and have multiple anchor points to affix them to the ground.

Sl

Figure3.1- An inflatable structure used by Medicins Sans Frontieres for a hospital after an earthquake in Haiti. Image credit
www.doctorswithoutborders.org

These tents are provided flat packed and can be erected within a short space of time to provide cover over
the landing site. The use ofdftents in their current sectors where protection of the contents and floor area
are critical, show that they are currently at a high technology readiness level (TRL). This would mean that
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they would exhibit a technology maturation level of TRL 5/6 for ¢hace industry, with the capacity to
increase rapidly to a mission ready TRL.

After use of the tent or other portable facility they can easily be disassembled and either cleaned and
repackaged for future use or packaged and then transported for disposgilération depending on what is
determine as the most appropriate course of action. Continuing to cover the impact site will allow for more
considerations to be undertaken regarding the future of the impact site if a breach of containment has
occurred.

3.3 EEF Building
3.3.1 Flexibility

Flexibility is one of the most important concepd be considered foproject such as the ESGFe developed
this concept at several levels, with the requirement of future extensions and expansion. Each core function
of the ESCEBiinked to a Functional Unit (FU).

9 W/ I YLWdzaQ ao0FfSYy dzyAdGa akKz2dzZ R 6S fAYy1SR Ay |
materials. Anyspecific combination of units should make sense structurally, technically and
architecturally.This flexibity is important especially sincine funding and building status ot yet
fixed to allow for different working scenarios. It can also be a way to (quickly) adapt to a change of
missionarchitecture or to the failure of a mission.

1 W¥Wxscale: one unishould be easily adaptable for future developments and expansion of activities
and utilities (mechanical, electrical, etdi. most of the similar facilities (such as at NASA JSC and
JAXA), nocientific rooms (usually work spaces or public outreaabhes) are retrofitted after some
time to accommodate new missions or science goals. It usually redeks appropriatéaboratories
(i.e. not as much functionality as if thbgd been planneds laboratoriedrom the start), andalso
the wellbeing ofworkers.

1 “Roomscale: some rooms should allow for easy restructuring or change of the activity to be
conducted insidelt should be stated here that a given laboratory will need to be compbitézhst
7 years before the return of the samples. Consetjyewithout knowledge of the exact nature of the
samples or the condition of the sample inside the containers (see NASA's Genesigetample
mission), the laboratory should be easily adaptable (i.e. by adding new instruments that were not
originally panned)

3.3.1.1 Flexibility on @&mpusale
The concept of flexibility was constantly kept in mind while designing siting scenarios. However, the flexibility
will heavily depend on the location, and on the size of the available space.

3.3.1.2 Flexibility on FUc&le

While designing the functional layouts for scientific FUs, we tried to follow three requirements: allow easy
and efficient staff flow, allow access by truck (with an access ideally far from the staff entrance) and keep
expansion possibilities for the future.

The staff flow was mostly enabled by a buffer corridor surrounding the laboratar@sincidentally fulfilling

the requirements on cleanliness and containment successive layers. The staff entrance to the buffer corridor
should be kept close to the ofe portion of the complex, in order not to increase the route to the
laboratories.

The future expansion was enabled by dedicating one or two sides of the unit for the said expansion. These
fixed sides are adding more constraints on the siting plans.
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Thelaboratories have at least one side reserved for the sample transportation (with a high bay) which should
have a road leading to the outside of the complex.

Given all these considerations, adjacency or not of FUs might be heavily constrained, anat itheiknd
largely influence the final design of the ESCF in its entirety. RgRii®a schematic representation of these
three requirements

Staff Entrance

Restricted Laboratory

High-bay

usl
W
T
)
=)
w
@,
o]
=}

Figure3.2- Schematigepresentation of access and expansion possibilities for a laboratory, in the ¢dhsa@dtricted SRF/SCF

Secuity aspects also factor in the consideration of the design of the ESCF. Higher security risk units/buildings
can be covered physically by larger, less security demanding units/buildings. The connections will need to
reflect these considerations. Restricted FUs for example should not have direct connections with the public
outreach program

3.3.1.3 Flexibility on Bomale
Interior design of laboratories can be used to increase flexibility with cleanrooms panels separating areas,
movale furniture, etc.

3.3.2 Siting 8enarios

Based on the reqgtements presented irChapter 2, we are proposing different possible approaches for
building the entire ESCF to fulfil tdéampuskcale flexibility requirement. We then reflect on each approach
regardng flexibility, security, costs and other parameters as summarizédite3.1.

These approaches are all generated over a unique site, however, the entire concept is made so that if one FU
is not built, it does not impact on the loér FUs. Each different approadfiqure3.3to 3.7) is presented with
a conceptual diagram on the left and a schematic interpretatinthe right (to allow better visualisation).

To accommodate such a campuasdedcated Utility Plant (UP) must be planned, providing power, water,
steam and anything necessary to the operation of the FUs. In emergency cases, single functions should be
able to work independently. It is also imperative to allow shut down protocols &ffieetive in certain time

frames. UP is not shown in the diagrams below, for clarity reasons.

Orientationrelative to the externasurroundings is also important as to how to connect the functions to each
other and to the outside world, be it roads forahsportation or blocked directions for security reasons
(against marmade disasters). The terrain itself and the degree of elevation and slope might require some
changes depending of the design

3.3.2.1 Approach t Single Bilding(Fgure 3.3)
The FUs are stacked next toebanother in a very classical way and hidden under a refatade

This method does not allofr easy expansion and the entire complex should be planned at the same time.
This might allow, however, for certain plumbing and effluent systems to be ski&tbdre is no containment
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requirements), hence reducing the total costs. Outer walls are kept to a minimum, reducing the costs as well.
Scientific FUs are better protected from outer threats.

Public and office spaces are cléaseach other and the latratoriesand they allow for visitors to have a very
Ot2asS GASe G GKS NBaSIHNOKSNRa FOUABAGASEASE ¢gKAOK
activity.

SRE/SCF | [  SRE/SCF |

Restricted |\ Unrestricted |
Work Space | ‘
Analogue \ Public / /]—// ~
Mock-up Outreach l ///
i [ ~

Figure3.3- Single building approach

3.3.2.2 Approach z; PuzzldHgure 3.4)
Functions are partiy separated and one FU (in this instance the work space for the staff) connects the
separated functions with each other. The shape this central FU can take is highly flexible.

Flexibility and adaptability are high for the entire complex, as well asdoh FU, witlseveraloutward and
vertical expansion possibilities.

Scientific FUs can be placed away from the entrance of the site (for example to lower the risk of terrorist
attacks).

Because of the expanse of external walls, the construction codtBeviligh. The restricted facility will not
be as secure

SRF/SCF
Restricted
_ SRF/SCF \
\ Unrestricted |
< /
\\‘

N

Work Space

\

Analogue -
/ Public
/Mock-up
Outreach

Figure3.4- Puzzle approach

3.3.2.3 Approach 3; Bridges (Fgure 3.5)
The FUs are independent blocks that are positioned to allow for future expansion. This layout is treessame
Scott Base (Antarctica, NZ).
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Severalbridgesor corridors are used to connect the FUs together. This configuration allows for great
independence of each unit but puts themrther away from each other which results in greater distance for
the staff to move around. The cost of such a configion would be relatively high compared to other
approaches gsach FU would effectively be a single doitsecurity and utilitypurposes

This approach has the advantagtbeinghighly flexible and great for modular design for an incremental
build ofthe complex. Agaira costly design with security implicatien

SRFE/SCF
Restricted
“ SRF/SCF
_ | Unrestricted |
: P /—/]
W k S | // = /7;/ > %
of’ ace | Public P & n
P / Outreach P :/% —L@ =~
: (/// ;1/ % - =

Analogue
Mock-up

Figure3.5- Bridges approach

3.3.2.4 Approach 4 Docking3ation (Fgure 3.6)

In this configuration the central work space overhangs the other FUs. This allows for researcher flow to be
seamless from office sgge to laboratory area while allowing expansion to the sides. External sides of the
laboratories are reserved for transportation and stores purposes. Please note that on the diagram that the
functions not only border each other but intersect, unlike in t8egle BuildinGapproach.

This configuration offers great versatility whilst offering a small footprint of the campus.

The laboratories are partially exposed (to aerial thredtsit, the more restricted parts could be flipped to
the side where they ar merging with the office portion, to offer an extra level of security concerning non
naturd threats.

SRI/SCF R
Restricted - SRE/SCR
| Unrestricted |
\\\ ~
k.
[/, Public
Outreach
Work Space

= -/ < =

{ Analogue

Mock-up

Figure3.6- Docking Station approach
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3.3.2.5 Approach 5 Shel(Hgure 3.7)

Eachfunction is laid on the site and the entire site is covered with a shell. FUs arel fladeom each other

so they can be expanded as needed in the future. This configuration offers the most versatility as the shell
protects the whole complex despite everything being separated.

The downside of this approach would be the initial cost arttregtion of the covered site portion with the

shell. A certain margin would have to be calculated and the blocks would be placed giving them enough room
to expand in future. In a different scenario (shell 1) this shell could be between the functionsdirsdtea
covering the entiresite.

SRE/SCF |

Restricted /7 N
Shell T A Y ( SRF/SCF |

L ——~———" | Untestricted /
> Shell T \ ¢
J \ [ Analogue
“ \\, Mock-up /|
.~ Work Space | « - i Z
\ | g I
\ /‘/ / /;/l—_(i;,//} ] “/'/ /
/ [ Public = | ~

T 2
T = =

'7 \ Outreach /

Figure3.7 - Shell approach

Table3.1- Tradeoff between the different siting approaché#(ndicates that the approach ranks positively for the criterlgt,
indicates that the approach is neutral, adihdicates thathe approach is at a disadvantage for the criterion

Approach G/ I YLIza ¢ |¥ SSecuriyA f Al (i & Economics ac! ¢ Tt 8
1 - Single building - = + -
2 - Puzzle = - = =
3 - Bridges + - = +

S
|
+
+
1

4 - Docking statio

5 - Shell + + - +

3.3.2.6 Recommendations

Fromthis tradeoff, the Docking station approach seems to be l@stchoice, especially with a high focus
on security for external risks, and various innovative possibilities folidPOtreach. However, this
approach needs to plan and design the whole structure well ahead of the time it will be operational.

Our second choice would be either the Bridges approach, or the Shell approach
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3.3.3 Scientific FUsalyouts

Figures 3.8 to 3.10 aproposed designs for the scientific FU: the AMUF and the SCF for unrestricted and
restricted samples
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Figure3.8- Analogue/MockUp Facility function layout.
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Figure3.9- Unrestricted SRF and SCF functional layout. Goilodicate the levels of cleanliness from green (ambient) to light blue

(high level of cleanliness).
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3.3.4 Location BRquirements

Asstated clearly in the proposal, the ESCF should be built in Europe. European and local (when a country is
chosen) legislatioshould then prevail for the design and building. It should be easily accessible (not too far
from an airport and a train station), but not too close to a city centre, to limit potetiat in my backyar@
opposition.

A location with limited natural hazds is to be favoured: it is possible to build a facility to resist floods,
hurricanes, earthquakes, etc., but it will involve additional costs. On top of that, natural disasters can involve
shutdown of the facility for length of time.

It is highly recoomendedthat the facility is constructedn a country where BSA laboratories are already
well established (such as in France, Germany, Italy, Sweden, and the UK) and also in a country involved in
space programs, which is the case of a large number aipean countries.

The host country should be ready to support the implementation of such a facility

3.3.5 Cost and cost drivers

Cost for such a facility will depend on the units being built and on the activities inside. Based on literature,

and on data gathereffom the architects we collaborated with, the building costs would range fror8Q.0

ae F2NJ Iy dzyNBAGNAROGSR FlLOAtAGeY (2 20SNIwmnn ae ¥
However, a lot of parameters can drive the costs up and down.

As standards for construction are more and more harmonized at the European scale (i.e., Eurocodes;
http://eurocodes.jrc.ec.europa.eu/), national standards are just another aspect that should be considered
but from one to another European country it wilbnimpact so much the final costs of the construction.

LT GKS FILOAftAGE A& (G2 0SS O02yaliNHzGSR Ay |y arazfl
electric power system, security aspects, etc., will have to be designed and constspetgtically. This
would significantly increase the costs.

Sustainability of local/national specialist subcontractors (for cleanrooms, instrumentations, etc.) is a very
important aspect that should be considered. If builders and specialists must comexfrotimer country,
whether for the initial building phase, of for maintenance, it will increase the costs.

For regular staff, differences in (highly skilled) labour costs from one to another country should also
considered

We recommendhat the cleanroomsare builtunder a laminar flow regime. It will involve a higher cost at
the beginning, but will avoid having high costs for cleaning and renovating in case of a retrofitting, or of a
change in activity.

We recommend keeping the cleanroom and containecharas small as possible. Even though the initial
costs for adapting througbarrier installation of instruments should be considered, they will be lower than
those for building large areas of cleanrooms, and/or of contained laboratories.

Instruments canapidly increase costs, especially if large and/or complex equipment is needed. We
recommend keeping the instrument suite as minimal as possible
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Analogues

* Properties similar to those expected in
returned extraterrestrial samples
¢ Examples:

~ Micro-organism-bearing sandstone from the =
Dry Valleys, Antarctica

~ Basalt from Theo’s Flow, Canada

' Reference Samples

* Well-characterised

* Used for: material used for ’ ‘
~ Training testing A
i i + Bample: y
~ Interpretation of results > he|il_]m gas for leak- - g.

testing =

* Used for: =
» Training %
> Testing of sample =

e Internationally-recognised, homogeneous transpgort, hanzling, ..2

material with known physical/chemical preparation and analysis
properties used for calibration protocols

e Example: » Reference for long-term
» Colour target to calibrate a camera storage

e Used for:

» Testing and calibration of instruments

Voucher Specimens Witness Plates

® Duplicate of
materials used at
any stage

e Examples:

» Spacecraft materials,
lubricants, glues

» Samples from the
terrestrial landing site

e Used for:

e Specific material used as a spatial and
temporal document of what happens
in the work area

e Examples:

» PTFE surfaces, aluminium foil, packaging,
handling tools

e Used for:

» Detection of potential
contaminants from the

» Detect potential laboratory
contaminants from » Witness for long-term
the mission storage

Two of the main activities that take place in a SCF prior to retusaroples are extensive staff trainirand testing of

sample handlig and analysis protocols. For these activitiespmprehensive library of different types of analogue
materials is required



4 ACTIVITIES BEFORMING

4.1 Staff training
4.1.1 PRRaff Training

Training is paramount to the success of any complex endeavour and the recovery of samples from a multi
billion Euro mission is no exception. Launch campaigns are practiced and drilled repeatedly until there is
collective confidence in the ability of the teaim safely execute the actual launch. Recovery of a restricted
sample may not be as complex as a laymch it is also not without problems and challenges. For this reason,
and because of the potential risk of sample exposure, training must engendeathe Ievel of collective
confidence in the team that will effect recovery. Procedutasreduce the risk of things going wrong, but
training and practice identifies the unknown areas that cause falure

Staff recruited for the team roles will ideally reapreviously worked in a similar environment. This helps to
identify staff members that have the appropriate skills and the required aptitude for the tasks. For the ERC
collection teamsseveralpractice recovery missions simulating a variety of scenatiosild be undertaken.

This would be started with dedlasedexercises, progressing to field exercises, then a full recovery mission

of a dummy ERC. Training in this way can be used as part of the team selection process, observing the
AY RA @A Rdz fc® BeforeJSeNediién NavtheyTinal teams and improving working protocols. As with
working in any team environment, one of the key characteristics required is the ability to work effectively
when under pressure. Pressures that could be exerted during traamigig

w Time, it may be that there is stringentwindow of time during which theapsule needs to be
recoveredand any containment breaches identified

w Deviation from the mission plan, this could be simulated by amaminal landing

w Environmental conditionsrecovery exercises could be completed using staged condi@gogshigh
winds).

The use of training activities increases the competency of the worker over a number of different scenarios.
This will in turn give the worker translational skilihich canbe applied to even wider scenarios which may
happen and have not been able to be trained for. Increasing the competency of the workers will also have
the positive effect of decreasing the risks of a recovery mission, reducing the potential spread of
contamination from a nomominal landing and decreasing the potential contamination effects to Earth from
sample release

Training recommendations:

1 Implement Key Personnel early in the mission

Include independent expert assessment at all stages of the training
Key and critical roles should have shadow redundancy

Document and videoollective training

Identify analogue sites for outdoor training

Train for both day and night recovery

1 Include balloon drop test training

4.1.2 ESCF Staffdining

For the same reasons dsscribedabove, staff training for characterisation and curation activities must start
before the samples are brought back. The Analogue and MgclEacility, the first functional unit we
recommend being built, is designed to enable the team to train andubleshootinstruments and
procedures

=A =2 =4 =4 =4
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4.2 Analogue QrationActivities
4.2.1 Overview

Analogue samples are of great importance in space exploration as they may be used for many puifposes.
basic functions and purposes of analogue materials, with special empmirasample return missions, are:

1 totest and calibrate payload and sample preparation systemmfsitumissions before launch;

1 to help interpretation of data acquired in situ during missions, and to carry out laboratory
experiments;

1 to identify analoguesamples crucial for evaluating and defining the protocols necessary to
accomplish safe and sustainable handling of etgraestrial materials;

9 to test and calibrate instruments and sample preparation protocols in a curation facility;

1 to define the protools necessary to accomplish safe and sustainable handling and analysis of extra
terrestrial materials;

1 to evaluate specific shoterm and longterm storage conditions during curation of exttexrestrial
materials.

According to the previous list, analoggamples are necessary in a curatorial facility for testing sample
handling, storage and preparation techniques, and to train workers. Furthermore, they can be used to test
instrumentation within the facility, if necessary. Thtsensurethat the curatian facility is ready to work on

the samples which are expected to be returned to Earth, it is essential that adeéied list of analogue
samples be ready well before the ERC landing

4.2.2 Use and Storage of Analogues

Analogues will be used for the followiagtivities inside the ESCF:

Sample handlingg It requires samples with different physical or geotechnical properties (porosity, yield
strength, compressive strength, density, temperature, cohesivity), electrical and magnetic properties,
different size digibutions and different states of matter (solid/liquid/gas). Analogues to be tested should be
different according to the samples expected from different missions:

1 for Mars, an homogenous basalt, mudstone or a coapséned sediment and soil, etc.
i for askroids, meteoritic material, loose regoldike material, and dust, etc.
9 for the Moon, lunar samples, lunar regolith and icy samples, etc.

Sample transport¢ Curation relies on the movement of the returned samples within the facility and for
shipment outof it. It will be necessary to practice with empty containers and appropriate analogue samples
(cores, fragments, dust, etc.). Testing of analogue samples exhibiting different physical, chemical and
technical properties will be necessary.

Sample preparatio - Science and curation will determine the need for dedicated sample preparation, e.g.
petrographic sections, powder aliquots, grain separation, dissolution, etc. Depending on the techniques and
instruments used, sample preparation may involve procedwash as cutting, polishing, powdering,
splitting, chemical/heat extraction, or microtome and FIB sectioning. All analogue types exhibiting relevant
physical/chemical properties will be appropriate to optimise these procedures, in particular to minimise the
loss of material.

Training of science and curation teanasd science laboratory quality assessmerA particular issue shall

be making sure that the external facilities can handle/analyse allocated returned samples in an appropriate
manner. ISAS/JAXA nead blind test of laboratories interested in analysing the Hayabusa samples (Kushiro
et al., 2003). Such activities would use reference analogue materials.
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Longterm storagec¢ needs to be tested using withess plates, hardware samples, voucher and reference
materials (including, if necessary, frozen materials).

Analogue, reference, standard, and voucher specimens need to be isolated from each other and temporally
and/or spatially isolated from extreerrestrial samples while, at the same time, being accésdib the case

of restricted Earthreturn samples (e.g. from Mars or Europa), analogue samples should strictly not share
space with the extrderrestrial samples either temporally and/or spatially. It will be important to produce
protocols for keeping th@nalogues samples temporally and/or spatially isolated from the returned extra
terrestrial samples. This does not necessarily mean that they need not to be in the same room. With respect
to witness plates, those in use actively need to be in close proximthe returned extraterrestrial samples,

while the past plates need to be stored elsewhérhis could be within the facility as a voucher specimen or
outside. Since planetary protection aspects need to be addressed from the beginning of the curation
activities, contamination assessment and control plans should be emplaced during mission planning and
development.

It should be taken into account that many sets of analogues having different purposes would coexist inside
the ESCF: a set of analogue matksrifor training in nossterile conditions, a set for training in sterile
conditions, a set available for public outreach

4.2.3 Typesof Analogue

Regardless of the type of mission, five different types of analogue samples shall be included in the ESCF
collection and are listed iTable4.1. See also image at the start of the chapter.

Table4.1- Types of analogue samples to be considered for a ESCF

Type of samples Definition Interest and Objective

Sample having properties similar to those expectedTesting and preparing for sample transport, handlin
Analogue returned extraterrestrial samples (e.g. a piece of |preparation and anlysis protocols. Useful for
basalt). interpretation.

Testing and training for sample transport, handling,
preparation and analysis protocols. Reference for |
term storage.

|Well characterised material used for testing (e.g.

Reference Sample =~ . :
Phelium gas to test the absence of leaks in a caniste

Internationally recognised, homogeneous material
Standard with known physical/chemical properties used for |Testing and calibrating the instruments.
calibration (e.g. a colour target to calibrate a camer

Duplicate of materials used at any stage (e.g.
Voucher Specimefspacecraft materials, lubricants, glues and samples
from the terrestrial landing site).

Detecting potential contaminants from mission
hardware and during re-entry.

Defined materials used as a spatial and temporal
Witness Plate document of what happens in the work area (e.g. P
surface).

Detecting potential contaminants from the laborato
Witness for long-term storage.

The most important analogue samples are analogquerssethat occur naturally. The minimuiist of natural
analoguesconsidered to be available within the curation facility includes solids (rocks, minerals and ices) as
well as gases and liquids. The latter two should be provided on demand if considered necessary. Minerals
identified as necessgranalogues include rodbrming minerals such as olivine and pyroxenes, metaNiFe
alloys), magnetite, hematite, calcite, dolomite, gypsum, anhydrite, perchlorates, sulphides, smectites,
serpentine, silica polymorphs, as well as ices.

As a sample returnmissionis defined the science teanshould make recommendation®n suitable
analogues, reference samples, and standards thdid bythe curation facilityTable 4.2) These will include
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gases and liquids, as well as manufactured analogue samples.dbasiéguids could be provided on a short
term whenever they are necessary.

The provision oferrestrial landing site samples (from the touch down site) would be necessary in case of
doubtful analysis, even if normally this type of contamination is notetgd €.g.non-nominal landing)For

the same reason, mission related hardware that comes into contact with the return samples should be kept
as voucher specimens within the ESCF.

The total amount of sample analogue mass will depend on mission objeciivarelogue types. It means

that the suggested masses will be driven by mission architecture and the target body of interest, as well as
the defined science requirements, and availability. For natural analogues, we suggest the following amount,
approximatdy:

1 40 kg of terrestrial analogues (rocks)
1 1 kg minerals
1 1 kg meteorites

Table 4.2; A library of planetary analogues should include the following:

Rocks Minerals Gases | Simulants

Primitive basalt Olivine 3Ca Regolith/sol

Anorthosite Pyroxene 13CH Soil mixtures (e.g. with perchlorate, ice

Dolerite Plagioclase Icy/dusty mixtures

Tuff Metal (FeNi alloys) Doped samples (biological)

Suevite Sulphides (troilite; Doped samples (organic)
pyrrhotite)

Mudstone Iron oxides Sha (e.g.drill core)
(Magnetite; Hemetite)

Sandstone Jarosite Physical propertiese(g.density,

hardness, etc.)

Lunar Regolith Silica
(amorphous/opal)

Chondrite Carbonates (Calcite;

(CarbonaceougOrdinary) Dolomite)

Achondrite Sulphates (Gypsum,;

(HED from Vesta; Iron) | anhydrite)
Perchlorates
Clays Mg-Smectites
Serpenting
Ices

4.2.4 Analogue Database

The analogue database should be embedded, as a databasgestibn, in the main ESCF samples database.
Each analogue sample included should baracterigd with specific information, provided in the form of a
spreadsheet specifically developed for this purpose. These spreadsheets can be consulted via the online
database http://www.euro -cares.euwp5/database/index.php
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General name (e.g. basalt, anorthosite...) Count Reference number. Nomenclature used is
e ‘ ountry " " .
EURO-CARES-" followed by the first letter of

S the name (e.g. B for basalte] and by a
number.
Name son Country EURO-CARES-X1

rget bodi
Target bodies Varget Bodies:

marked by a "X" ‘_‘\“‘—i X Mars

Moon
Asteroids F k te th
Orher () reference etc. Make sure you cite the

Include url if taken from the internet or
Target Geological Context -

free text e.g. atmosphere,

surface regolith, volcanic rocks, — Rt . / ;:‘:;cteail ;h:ol.::::;,' even ifitis one you
hydrothermally altered rocks, ret '

impact rock, etc

Type of sample Analogue For the standards the
X Reference sample instrument is specified.
marked by a "X" Type of Sample Standrad for. — & specll
Voucher sample
Witness sample
X Rock
Mineral
Nature marked Gas
bya"X" '-'“"'“m( Petrography i.e. grain size, texture, porosity,
Amorphous material grain shape etc also use terms such as

Petrography: / fractured, brecciated

Mineralogy (for rock sample) — modal min i.e.
44— 50% olivine, 40 % pyroxene, 10% plag

Mineralogy (for rock sample) :

B inerol e (for mineral sample: «—__ Mineral type (for mineral sample) e.g. sulphate,
oxide, carbonate

Chemistry —any bulk chemical analyses if
available otherwise any information that is

Cohesion: TBD relevant e.g. Fe-rich or Ti-rich etc

Density: TBD

Hardness: TBD (Mahs)

Porosity: TED (%)

Physical Properties Mass: TBD (g)
Volume: TBD (ml)

Chemistry:

Health hazard: T80
‘Any other relevant physical properties data: T8

Continent/Country/
GPs:

Name
Address
Links to other WPs

e.g. useful reference(s), any information

/ considered important

Name of the document [here EuroCares
reference number followed by the type of

/ document such as ICP, refl..) followed by a
M short deseription

History of the sample

Further comments, information

Figure4.1- Analogue spreadsheet
An example of the spreadsheet page is showRigure 4.1Each spreadsheet contains information about:

1 Name and proenance of the analogue sample;

A EUREGARES code number;

Target extraterrestrial body for which it is an analogue samgépecific mission, if relevant);
Target body geological context;

Type of analogue samgland curation facility storage;

Lyl f23dz2SQa adridsS 2F Yl GdSNT

CGeneral geological description (petrographmineralogy, cherstry, etc.);

Physical properties (density, hardness/compressive strength, porosity, tenacity, cleavage, fracture,
electrical properties, magnetic propertiefidrmal behaviour, etc.);

Potential health risks;

Source of the analogue sample;

Other information

Associated data;

1 History of the sample.

=A =4 = =4 =4 =4 =4
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An online form provides multiple options for searching the database assisting the selection of an appropriate
analogue samplérigure4.2).
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&> EURO-CARES W Ps

d EURO-Curation of Astromaterials Returned from the Exploration of Space

Homepage News Database Contactus

Asour Search for samples:

* WPS Home

« WP5 Scientific team — Name:

« Sample types

« EURO-CARES v
homepage

— Reference number:

REGISTER v

Login
[AndreaMeneghin

— Target body:

Password v

o — Type and nature of samples
To ask for registration Type: v
please fill the following
form

Ask for registration

If standard, for which instrument: v

Nature: v

— Physical properties
Cohesion: v
Density: Between and

Hardness/compressive strength: Between 0 ¥ Mohsand 10 ¥ Mohs

Mohs scale: 1 (talc). 2 (gypsum), 3 (calcie). 4 (Ruorite). § (apatit), 6 (orthoclase feldspar. 7 (quartz). 8 topaz), 9 (corundum) and 10 (diamond)
Porosity: Between 0 ¥ %and 100 ¥ %
Mass higher than: g

Volume higher than: ml

submit | reset

A UNIVERSITE AR
- s SENCKENBERG NroRy T \
cBm mm’“’w ULE B u @

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant
agreement No 640190

Figure4.2 - Analogue selection on line form

4.3 Recovey RocedureTesting

As part of the training process prior to ERC return, but after selection of the teams to be used in the recovery
phase of the sample return mission, a selection of scenariothearbe devisedisingexisting knowledge or

risk aralysis of the mission. Training will begin with désised studies to identify protocols and equipment

that can be used. The definition of mission parameters will allow for the identification of specific equipment
that will be needed for the recovery phasé the mission, or at least be designed and tested prior to ERC
landing. The definition or parameters such as ERC size, design and mass can lead to bespoke lifting equipment
being required to place it into the secondary layer of containment before tramgpdahe ESCF. Training will

be undertaken with any new items of equipment again against a range of scenarios to ensure there is a high
level of competence with any mission scenario

4.4 SampleDatabasing

Sample cataloguing will begin as soon as the sampteseanoved from their containers. This cataloguing

will serve as the permanent record for each sample and will include various types of information and data.
The cataloguing system will need to follow a standard and methodical approach. Such methodategies
currently used in many international institutions such as museums and national laboratories and many
electronic cataloguing and database solutions are available. Curatorial procedures/workflows should be
incorporated into the cataloguing system. Sampéaloguing will be a regular and constant part of the
curatorial tasks during preliminary examination and well into the future.
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A main purpose of curation is to catalogue the samples, to:

l

)l
)l
il

Make them available to the scienceromunity for indepth reseach;

Make them partially available to the public for display in musswnd other outreach activities;
Keep constant track dhe location of the samples;

Keep constant track of the analyses and subsampling activities.

The software will act as a logbook tack and document all the actions performed on the (sséinples
inside the ESCF and in external laboratories.

The sample categories of the database will be:

)l
|l

=

=A =4 =4

Pristine samps (within original containers);

Work samples

Aliquots and preparations for stiafraining, sample classification, and subsample for allocation to
external laboratories

Allocated and returned aliquots and preparations

Analogues, references samples, and standards

Hardware and pieces of the spacecraft as voucher specimens

Voucher spcimens and witness plates

Datasets linked to each sample will include:

= =4 =4 =4 =4 =4 =4

Identification €.g.labelling, origin, imaging, state of matter, mass)

Pictures ofn situsampling and of next stages of the samples

Paths in and out of the ESCF

Conditions T, P, etg from the sampling site to the arrival in the SCF

Classification (e.g. structural, compositional)

Preparation é.g.type of preparation/mount, preparation/mount description and imaging)
Location é.g.sample container/location in the fadi;

Allocation €.g.requested samples, location outside the curation facility, research purposes and
methods duration of the loan/donation, expected resujts)

Documentation €.g.internal/external data and reports, scientific publications)

Public (skected data online, e.g. sample description and availability for research).

All the above information will be obtained and documented during the following procedures/actions:

)l
)l
il
f

Cataloging (identification, location);

Classification (to be meant as firminary/basic classification);
Predelively (preparation and allocation);

Postdelivery (check of returned samples for research, storage).

Efficient data collection and storage in the various laboratories of the facility will make use cb&the
art electronic devices (e.g. internet, wireless audideo recorders, bacoded samples, subsamples and
preparations, etc.) enabling unambiguous link of data sets to samples.

As with any IT system, care will be taken for the security of the system, during intemast well as in those
circumstances external users can access the database, e.g. external scientists providing or searching for
information.
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5 CONTINUOUS ACTI\BTIE

This chapter coveractivities performediuring the entiretimespan of the project, from the launch of the
mission to longerm storage of the samples

5.1 Cleaning of Laboratories andols

In cleanrooms, the @in process to ensure cleanliness is by the filtration of the inlet air.
l RRAGAZ2Yy T Of SIyfAySaa LINRG202ta&a OFy 6S dzy RSNIIF 1S
with ultra-pure water, on a regular basis.

A specific vacuum cleaner (elttp://biobubble.com/products/hepavacuum) could be used, especially for
changing rooms

5.1.1 Tools

To avoid sample crogntamination, all curatorial equipment (sample handling and preparatmvist
containers, etc.) should be able to be thoroughly cleaned after each operation of the sample processing work
flow. In the situation where equipment cannot be cleaned to the required levels, then it would be necessary
to replace with new equipment. [pending on the type of equipment it may be possible that only the part(s)

in direct contact with the samples would require replacement rather than the entire equipment. These issues
can be identified during the testing and verification process for the darhpndling, manipulation and
preparation equipment and informed decisions can be made then.

Cleaning procedures for production cleaning routinely use the following methods:

1 Cleaning with IPA wipes

i Ultrasonic and megasonic baths of UPW, with or withaufactant,
1 Rinsing with UPW

1 Drying in an oven, under inert atmosphere or not

New tools and equipment must be degreased and cleaned initially, with a specific procedure including extra
steps, such as mild acid cleaning.

These procedures are efficient fparticulate cleaning.

For restricted samples, or organich unrestricted samples, it will be necessary to clean organically as well.
Organics are usually cleaned using solvents where the target moledligssolve. If the cleaning process is
done inan area that was built to be orgaricee, it is recommended to clean organically first, then for
particles, as it is easier to have orgafree UPW, rather than particlefsee solvents.

For thermostable materials, a good solution is to clean for padjdhen enclose the tools in a stainless steel
box (e.g. http://www.wagner-steriset.de/en/thesterisetsystem/sterisetsconcept) and bring it to a
temperature highenough to completely oxidize organic matter, while flushing the box with inert gas to
remove the byproducts.Thermolabile materials will be treated chemically, either gaseous or liquid.

Innovativemethods of cleaning must be tested to see if they arplajable to the ESCF needs. For example,
CQ snow cleaning is a very promising technique, both for particles and orgarecg. (
https://www.fraunhofer.de/en/press/researcimews/2012/october/deepcleaningwith-carbon

dioxide.htm).

If the tool cannot be cleaned and/or decontaminated then single use giasiidbe procured for the facility
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5.1.2 Rooms

The surfaces of the laboratory and roomalmitially be treated using a liquid disinfectant to remove gross
contaminatian. After this step in the decontamination process a gaseous application of a decontamination
chemical will be used. For this process there is a range of techniques and wgiesahat are available for
use, e.g. formaldehyde, chlorine dioxide and hydrogen peroxide (Beswick281Hl), More details on these
processes are found in the D2&erilization and Cleanigpf the EUREGCARES project

5.1.3 Showers for Suited bvkers

Onexit from a restricted facility the exterior surfaces of the suit must be decontaminated before it can be
removed. The shower will be at a positive pressure to the laboratory but at a lower pressure to the changing
area to create a flow of air into the labatory away from the areas where PPE is not necessary.

At present there is no defined guidance for the type of chemical that should be used in the decontamination
shower or the cycle parameters in a BSlaboratory (Klaponski, 2011). In the case of B&CF, considering
unknown biological agents, decontamination procedures will need to be chosen by a panel of experts and
extensively tested. Impact on the suit must bensidered(for more technical details, see EURBRES
deliverable D3.4).

Redundanciegare built into the shower setip where a gravity fed tank of chemical disinfectant is always
available so the suits can be decontaminated in the event of a power loss. This emergency tank needs to be
large enough to wash and decontaminate the maximum nundfesuits that will be in the laboratory at any

one time.

In the restricted parts of the ESCF using cabinet line of suits, the operators will be required to also pass
through a personal shower before leaving the laboratory. In the case of a DWI lineowerds needd.

5.2 Protection/Outfit of Workers

Ly GKS OFrasS 27F dzyNBAGNAROGSR al YL Sazx 62NJSNBQ &l ¥
are to protect the samples from external contamination. We recommend the use of pogiteEsure
gloveboxes kept under an inert atmosphere

5.2.1 Cleanroom @ments

Cleanroom garments are adapted to the level of cleanliness and must be cleaned and packed accordingly. A
study has been published considering the effect of particle contamination reductiorusaitpe of cleanroom
garments, versus garments and additional undergarments. The study showed a reduction of nearly 50% in
biological contaminants (skin flakes, hairs, etc.) when cleanroom style undergarments were used (Moschner,
2002).

However, a completechange can be straining for the workers and expensive. The use of clean room
undergarments should be addressed depending on the procedures that will be completed, if a further
reduction in particulates is required for a process then undergarments carobe w

5.2.2 Minimizing the 8urces ofdontaminants

Asdiscussedinstruments deemed to be prone to produce contaminants (particles or outgassing), will be
kept outside of thecleanrooms.

5.2.3 Restricted &bs

5.2.3.1 Workers Atire
Within both cabinet line and suited restred laboratory, safe operating procedures include that the workers
must remove their own clothes prior to entry into the laboratory (Hilliard et al., 2007). Within the cabinet
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line laboratory, disposable underwear is worn under operating theatre style scmihich are then covered

08 | NBFNI FLHadSyAay3a 324y o0az2f AR FNBYyldod ¢KS Of 20K
preference. Within both laboratory types, the only personal item that can be \mogglasses knowing that

on exit theymust be washed in the personal shower with the worker. Onirgxihe laboratory, the clothing

will be removed and either disposed of via incineration or sterilised using an autoclave, if reusable

5.2.3.2 Gloves

Themain interface between the worker and the @ttious material being handled in a restricted facility is
either gauntlets in a cabinet line laboratory or gloves on a positive pressure suit. Before entering the
laboratory, the worker will always put on a set of personal gloves. The gloves attacheditivgopressure

suits will be made of neoprene or heastyty household cleaning gloves, where the gauntlets on the cabinet
line are generally made of rubber, although other materials with better disinfectant compatibility are now
available. Therefore, ireach laboratory there are two layers of protections between the potential
O2y il YAYIl GA2Y YR (KS g2NJ] SNDa KIFyRao®

Biological laboratory gloves are usually manufactured from either latex or nitrile and are useful for a
secondary barrier if used correctly (Msdorf, 1987) Staff must still be trained in good laboratory practice,
sinceany contamination on the exterior of the gloves can be transfereed.,(ii 2 (G KS ¢ 2iNthep ND & 1
are not made aware of the hazard.

Gloves can be affected by the disinfeuis used for decontaminating a laboratory, leading to permeation

and penetration of the gloves by the infectious age®¢verabktudies have been undertaken to identify the
chemical agents that can permeate gloves, and European standards have been preducB8& EN 374
2:2014 Protective gloves against dangerous chemicals and microorganisms, determination of resistance to
penetration. Alcohols can penetrate a range of glove materials, one study showed that alcohol was detected
within the gloves tested aftel0 minutes exposure (latex, nitrile, and a synthetic polymer) (Baumann et al.,
2000).

Perhaps one of the major criteria for selection of gloves is worker dexterity. Different materiaédfean

the dexterity of the worker. In a comparison between bagnd nitrile gloves there was a slight decrease in
fine dexterity movements when workers used nitrile gloves, but during gross dexterity testing no difference
was detected (Sawyer and Bennett, 2006). The dexterity of the worker is further decreased sdwmdary

layer of glove is worn (increasingly so with the thickness of the second layer, i.e. rubber gauntlets).

These points show that there aseveraloptions for use for glove materials in the facility, for both primary

and secondary barriers. Canktonsideration needs to be given as to what processes will be undertaken and
then the most appropriate gloves can be chosen for this process. For example, if chemical cleaning is used
the glove material will need to be tested against the chemical to wheitee if they are compatible. Whilst a
material might provide excellent dexterity, if they are prone to breakage or become easily permeable, then
an alternative option might need to h&sedthat decreases dexterity but provides more protection.

For the renoval of the samples from the Earth return capsule (ERC), workers could wear positive pressure
suits to protect themselves from any sample contamination if there had been aaonnal landing and ERC
containment failure, since cleanliness is less ofsaune.

5.3 Sample ®rage
5.3.1 Restricted Samples

Curation and storage principles are similarthose forunrestricted samples when it comes to SEC/PE and
storage, but sample containers will be required to be held in more secure facilities both in terms of ljiosafet
and security principles. However, the dissemination activities are not as straightforward as for unrestricted
samples. Potentially biohazardous samples cannot leave the ESCF without either being proven to be free of
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biohazards or sterilised using a valiedd method, as such the containers for the restricted samples must be
constructedlike those identified in D6.3 (Longobardo et al., 2016), i.e. a twdhree-layered package.

The requirements of the sample container strictly depend on the analyisesed forthe sample Current
practice(e.qg, this is the procedure used for Stardust sampleghat researchers whequirea sample also
provide the sample container to the Curation Facility. For internal ESCF sample transport, the container
should be corposed of a sampleontainer, a containerprotection and metallic walls (possibly internally
Tefloncoated) aimed at insulating the samples. This can be modified to reflect the type of sémple
regolith, rock, gas, ice, liquyid

When the sample is trap®rted inside the ESCF, the pressure system (coupled with collector protection) is
optional (since the internal environment is controlled) but is mandatory when the transportation occurs
outside the ESCF. Figurd. (right) shows a basic desifpr asampk container.

Cover with latch mechanism ‘ y |

o o o -y
(€ ) - <)

Sample collector

\ Collector protection
—

Figure5.1- Left: Sample collectokécketimodel). Right: Basic design of a sample contaibepending on the study to be
performed, a window of transparent material should be added in order to allow optical analyses of the sample(s).

The sample container would be thenemmost layer of the double or triple packaging.
The additional layers aim to:

1 Protect the samplgs) from forward contamination;
1 Protect the container from vibrations/shocks during (ground/air) transportation.

The contaner should behousedin a rigid and cushioned box. The box material should have low outgassing
rate, to avoid contamination in case of container damage/breakage during the transportation. When samples
need to be preserved at low temperatures, a low thermahductivity material should be used to minimize
heat exchange witlthe external environment. Low temperature inside the box would be guaranteed by a
cooling system, involving liquid nitrogen or a refrigeration plant. A trafleamong metallic materialss
coveredin Sction2.5.3.1

To reduce forward contamination, the outer metallic laysmould be filledwith an inert atmosphere of
nitrogen or argon gas. Traddf analysis performed in D6.3 shows that nitrogen would be preferabtause
of its lower @st and its higher reactivity and thermal conductivity are not critical for transport of
extraterrestrial samples.

During the transportation phase, box pressure should be monitored intiat indeed, pressure change
may be ascribed to box leakage orvi@rd contamination. Itshould be possible to perform a further
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contamination evaluation after the arrival of the boxitedestination, by placing one or more witness plates
inside the box.

Additional precautions must be adoptdar transport of restrictel samples, i.e.:

1 The sample container should be surrounded by an absorbent material to prevent a risk of fluid
leakage (e.g. phase transition in Martian samples).

1 A layer consisting in a bag of nrontgassing plastic material must be added between the gam
container and the metallic box. Whereas the double packaging (container + metallic box) reduces the
risk of forward contamination, the risk of backward contamination arises for restricted samples and
a safer packaging must be adopted in this case. Wiowg to World Health Organization (WHO)
guidelines (WHO, 2015), this triple packaging (container + plastic bag + metallic box) is mandatory
for samples which may host life forms. It failed only in 106 casesf4.92 million (0.002%), hence
this packagig can be considered safe (WHO, 2015).

1 A realtime monitoring of the pressure inside the box during the transport coulddmessaryD6.3
shows different instrumentation/techniques that could be udedthis purpose.

5.4 Contaminatiorknowledge anddontrol

Contamination control and contamination knowledggea critical aspect of the sample curation process and
includes monitoring of the clean room environment, all cleaning and handling protocols that may impact the
samples, and provides a record of key conit@ation markers that the samples are exposed to during
processing and storage.

Contamination can occur in various forms (particulate, organic, abiotic or biotic, etc.), and from various
origins, as shown iRigure5.2.

Materials
Consumables
Sources of
contaminants Environment
Equipment
& Machines

Manufacturing
Processes

f and more

Figure5.2- Main sources of contaminants in a cleanroom.
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The simple storage of the samples in the curation facility can result in some level of modification and/or
contamination, as the storage environment almost always differs from that where the samples areethllect
and the samples will undoubtedly be in physical contact with some form of storage container. In that respect
different storage and/or handling conditions may be required to avoid contamination of the samples (e.g.
storage or manipulation under inert gas vs. vacuum, as inert gases may introduce contamination for noble
gas analyses, (Yada et al. 2013).

However, it is likely that manipulation and processing of the samples has the potential to lead to more
significant modification and contamination ayttierefore a suitable compromise is required to provide the
optimum balance of level of information against the preservation of sample matéie. environment

within the curation facility will be designed to minimize the addition of terrestrial contanonato the
samples. This will require complex, high specification systems controlling the air/gases the samples are
exposed to, as well as particulate matter, volatile organics, and biological organisms. In addition to a forward
approach aiming at minimizg the contamination from the beginning, we describe here a suite of
instruments estimated to be necessary to evaluate the contamination the samples could be exposed to
including real time monitoring and ofine analysis of representative samples or w#aeplates.
Measurements should include direct analysis of gases or reagents used in the curation facility; the surfaces,
or extracts of surfaces, of sample handling or storage devices and witness plates and test samples. Frequent
measurements are require verify that samples are not exposed to unacceptable levels of contamination
and that cleaning and handling procedures are meeting specification. As contamination cannot be
guaranteed to be zero, such measurements and witness plates will also providdekige about what
contamination the samples are exposed to during their residence and processing in the facility. This will
provide invaluable help in the interpretation of contamination sensitive measurements performed on
allocated samples.

Contrary to tle sample preparation ancharacteristion proceduresalreadydescribedand recommended

to be kept as simple as possible, control systems require highly specific analyses infalinsgancetrace

gas analyserand particle monitors as well as masspsctrometers to identify organic contaminants. In
addition, sample handling/processing is potentially a particularly hazardous time for the samples in terms of
exposure to contaminanissothese phases require careful monitoringingclean analogue sampeand
witness plates. Howevelit is important to remember thathe environment of spacecraft assempés well

as sample storag@eedsalso to be controlleéind monitoredfor contamination. Contamination control thus
needs to be planned well ahead thengple return and to continuéor as long as samples are available and
stored. Witness plates exposed during spacecraft assembly and representative materials and pieces from the
collector and the spacecraft will be analysed similarly to the witness platésaaalogues during sample
handling.

Here we focus on the instrumentation required for contamination control and the analytical methods
required to investigate most aspects of possible contamination, including highly specific tech(iiaqixes
5.1).

Particle counters are required to monitor particle abundances in real time within the clean environments and
residual gas analysers to monitor the abundance of trace gases and volatile organics in the clean sample
handling and storage areas. These instrumentsrageiired with high frequency and will be an integral part

of curation facility operations.

The other instruments are all required to assess the level and nature of the contamination at regular intervals
(using witness plates to record contamination ardukey functions/samplegsigure5.3) and formonitoring
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the efficiency of cleaning protocols and handling procedurBse frequency and complexity of these
measurements will be sampénd/or mission specificSamples/missions with gih cleanliness demandll
require frequent access with rapid twaround time for results and it is therefore important for these
instruments to be located on site within the curation facility.

As these instruments are not involved in the analysis @@irreed samples there is no need for such
instruments to be in the main clean environment are&kwever, to ensure that detection limits are
compatible with the contamination levels expected in the cleanest grdedicated clean rooms with
protected sampd transfer mechanisms are required. For less demanding sample cleanliness requirements
the frequency of use of these may be relatively limited and therefore these analyses could be performed off
site under contract. As the planned sample curation fadsigxpected to host multiple mission with a range

of requirements it is assumed that all these instruments would be within thatimir facility.

Table5.1- Instruments for Contamination Control and Contamination Knowledge

Instrument Comments
Time Of Flight-SIMS Surface contamination in situ
Gas Chromatography-MS Chemical characterization

Liquid Chromatography-MS Chemical characterization

ICP-MS Elemental abundances

X-ray Photoelectron SpectroscoSurface contamination in situ

Elemental Analysis-MS C, N abundance

Residual Gas Analysis-MS Continuous environment monitoring

Particle Counters Continuous environment monitoring

Optical microscopes Particle counting and size distribution on witness plateg

Identification + chemical characterization of contamina

Analytical SEM .
particles

To facilitate the maintenancef instrumentation involved in contamination control a small chemistry lab is
required for some aspects of cleaning and preparing parts of the system, particularly important for those
instruments with vacuum systems, where high levels of cleanliness gueree for all components inside

the vacuum systems. If the instrumentation is located within a clean room environhemt this chemistry
laboratory should also be situated in a comparable environment
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Figure5.3- Witness plate assembly used to monitbe environment around the assembly of the OSRRISspacecraft (Dworkin et
al., submitted to Space Science Review (2017), http://arxiv.org/abs/1704.02517

ICPMS a dedicated small chemistry laboratory is required for sample preparation. This sholddaed
immediately adjacent to the IGKS instrument lab. This chemistry lab must be a high level clean room (Class
100, with careful attention to materialsusually low VOC, metals) to minimise contamination of the samples
(primarily witness plates).

Gas chromatography/liquid chromatography mass spectromedrgedicated sample preparation chemistry
laboratory will be required. The prep lab will need to be of a high clean room level (Class 100) taeninimi
sample contamination. The lab is primarily regai for solvent extraction of witness plates and
concentration of rinses and extracts prior to analyses

Page| 95



cf!at[ 9 w9/ hx9ow

>

Transporting the Stardust Earth Return Capsule to a Sample Receiving Facility at Dugway, Utah. Image courtesy NASA



6 SAMPLE RECOVERY

6.1 Overview

This chapter deals with the methods for the recovery of sample return capsules and their transport to a
permanent curatorial facility. The Earth Return Capsule from a sample return mission will be targeted at a
specific landing pot on the Earth with uncertainties in 8y 6§ NB O2y RAGA 2y a NBadz GA\
possibly a considerable distance from the sample return facility. Before the capsule arrives, considerable
preparations for the recovery need to be made. Once thpstile has landed, an assessment of the state of

the spacecraft will lead to the execution of a ftetermined recovery procedure. The sample will then be
transported to a Curation Facility using a safe and secure method of trandfven considering the
recovery preparations for planetary return missions, the mission architecture and the design of the
return spacecraft will have a significant impact. There is a distinction to be made between unrestricted
missions and restricted missions as the latter waled planetary protection considerations. Mars
Sample Return missions fall under the category of restricted missions. The recovery of sample return
capsules for restricted missions will be different to that for unrestricted missidosth are shown in

Hgure 6.1.
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Figure6.1- Simplified sample return recovery procedure, incorporating options for restricted (biocontainment) and unrestricted
missions (quick look facility)

American and European interest in Mars Sample Return was rekindled in 2008 with the tublidahe
iIMARS report (International Mars Exploration Working Group; iMARS 2008)

An iIMARS II report (Smith et,&016) produced an updated architecture for a multinational Mars Sample
Return mission (MSRJo retrieve drilled samples from Mars (e.the Mars2020 mission, though this is not

an explicit part of an MSR mission plan) there could be two launches, one to provide a Mars Ascent Vehicle
(MAV) and a Mars Fetch Rover to retrieve samples, and a separate Earth launch to provide an orbiter to
capture a sample container launched from Mars by the MAV, and return in to Earth. A variant of this
architecture would be the ESA Courier mission (in a third separate launch) which would aim to rendezvous
with a Mars Orbiter and return the samples to Earthu3hhe exact architecture and number of launches
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associated with MSR is not certain. Some required elements for any design include a Sample Return Orbiter
element of the mission. This requires a rendezvous sensor suite and a capture mechanism, a bimeonta

system to break the chain of contact between Mars and Earth, an Earth Return Capsule (ERC) and a propulsion
module (Smith et a]2016)

6.2 Earth Return CapsulandingSrategies
6.2.1 Naminallanding

A nominal landing of the ERC would see the descent amdirig of the capsule according to the mission
design. This would mean that there would be no release of sample material from the capsule through failed
containment and therefore no potential for life transmission to Earth. The operators would then béoable
follow normal protocols for the collection of the ERC, its handling and transport to the sample return facility.

There areseveraldifferent landing approaches that can be used in returning samples to Earth via an ERC. The
ERC can be designed to useactive descent system that uses a parachute/s to slow its velocity before
impact with Earth in the designated landing ellipse. This approach has previously been used for a number of
return missions, such &tardust

6.2.2 Non-NominalLanding

A nonrtnominal laring is where one or more aspects of the landing procedure did not happen according to
protocol. This could range from the ERC landing outside of the determined landing zone, coming to rest in
the wrong orientation after landing (as was seen with the Siatdmission), Failure of the parachute or
deployment system could lead tadallisti€landing at a velocity that may cause failure or destruction of the

ERC containment. This was witnessed during the Genesis mission in 2004 where the drogue parbshute fai

to deploy after an accelerometer had been installed incorrectly and the ERC was only slowed down by its
own air resistance, leading to a ballistic impact which the capsule was not designed to withstand6.2.

5 YF3S G2 I NBaAUNROGSR YAaairzy 9w/ FTNRBY O2dzZ R Ol dz
atmosphere. This would present a serious problem in terms of contamination of the immediate area with the
returned samples and more widespread tamination from environmental factors (e.g. wind), if particles

were small enough to be dispersed. This type of landing will require extra procedures to be put in place to
handle any potential release of exttaSNNB & G NA I f &l YLI S  brycongersalyK Barth9 I NI f
contamination of the returned samples. A noominal landing will potentially expose Earth to the collected
sample in the ERC and/or the sample to Earth contamination (both biological and chemical) decreasing the
scientific merit of he mission.

Current Mars sample return missions have planned to use an ERC which is able of withstanding a hard landing
(as previously mentioned). This will involve usseyerallayers within the ERC to provide protective
containment to the sample contaéms. Whilst the ERC will be designed to withstand hard impact and provide

a nominal landing, plans will be made for every eventuality, including annarinal landing.

During the Stardust mission, in 2006, after successful deceleration with a paracluEeR rotated onto its

side on contact with Earth and partially obscured the tracking devices which led to an extended period before
the capsile was found and retrievedf this was the case for time critical samples then the delay in retrieving
the capsut could cause degradation in the samples. Furthermiéthere was a failure in the containment

of the capsule then there would be a potentially greater release and dispersal of sample material.
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Figure6.2 - Genesis capsule, 2004, after impact with ¢gneund. Credit NASA

6.2.3 Lesson Learned from Spacecraft Sample Return Recoveries

Experience from the recovery of sample return missions to date show the importance of examining the entire
sample handling and containment chain, includiinding site charactestics, ground recovery and
transport to ground facilities, not just the quarantine or containment labora@idRC, 2009).

To summarise, ifable6.1 there is a list of recovery techniques used for Genesis, StarsgsHayabusa
Mission and the expected plan for OSHREX mission.

Table6.1- Comparison of recovery techniques from different Missions

Mission Recovery

Genesis  |Transport to class 10000 cleanroom at UTTR then on to Curation Lab at J9

Stardust | Transport to class 10000 cleanroom at UTTR then on to Curation Lab at JS

Transport to temporary cleanroom at Woomera and flown to Curation facilit

Hayabusa Sagamihara
OSIRIS-Rex Staging area at UTTR to prepare for transport to JSC Space Exposed Hard
cleanroom

In the following paragraphs there idist of possible lessons ledrnom the missions mentioned ifiable6.1.

6.2.3.1 Genesis

The Genesis Return Capsule, bearing the science canister with collected solar wind samples, returned to Earth
in 2004. Following a flawless, -target re-entry the parachutes failed to deploy due to a set of ineotly

oriented deceleration sensors. The spacecraft impacted the landing site, in the US Air Force Utah Test and
Training Range (UTTR), at a speed above $band was badly damaged. Most of the fragile collectors were
fractured and all were contaminatedn the surface by debris from the spacecraft and the landing site. A
dedicated team of spacecraft engineers and curators immediately went to work to recover the broken
spacecraft and move it to a temporary cleanroom at UTTR, where they painstakinglygedckad
catalogued thousands of spacecraft parts and collector fragments. These were transported to the Genesis
Curation Laboratory at NASA Johnson Space Center for cleaning, documentation, storage, and allocation. It
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is believed that all the collector ks and materials were recovered. The lessons learned for ELARES
from these unrestricted missions would be:

1 Atemporary cleanroom is very useful for unrestricted missjons
1 Container/s for fracturedomponents should be available;
9 Cataloguing the manyiffierent fractured segments may be necessary from the point of landing.

The Genesis Mishap Report identifies the main cause of the mission failure and section 6.1 of the report
makes 12 recommendations to address the systems engineering process faildnesmaagement issues of
concern (NASA, 2005).

Findings of the review included:

1 A shortcoming of the Genesis preparation was the minimal amount ofdowated training for
recovery;

Bafety firs€@wvas not an adequate part afie whole management approach;

There was no single document defining the contingguriey and associated operations;

There were no training exercises for tharious contingency situations;

Personnel on the scene were not equipped with proper communication capabilities; consequently,
intentions were confused and conflicting.

= =4 =4 =4

6.2.3.2 Stardust

The Stardust Sample Return Capsule (SRC) was released from the mother spacecraft, and successfully
parachuted to Earth above UTTR. Howewer issue during the recovery was that the SRC landed upside
down,which hampered the correct operation of the recovery beacon. Once on the ground, the Stardust SRC
was recovered by a team of curators and spacecraft engineers within 2 hours, and was moved to a class
10,000 (ISO class 7) modular cleanroom located in dityaciose to the landing site within UTTR for
preliminary processing (Zolensky et, &008). The science canister was removed and secured in a clean
transport container in this facility. The SRC was placed into a polyethylene bag for several hours, and
outgassing from this bag contaminated the aerogel capture media with several organic molecules (Sandford
et al., 2006). Following the preliminary processing, the SRC was placed into a dry nitrogen environment and
flown to the Stardust Laboratory at JSC spacially chartered plane. The Stardust Science Team used a class
100 (ISO class 5) cleanroom at JSC for preliminary examination and curation of the returned samples. Logistics
associated with receiving these samples required careful planning and cotodingith JSC Receiving,
Security, Safety, Quality Assurance, Photography, and Curation teams. The samples received a police escort
FNRY | 2dzad2yQa 9ftftAy3d2y | ANLIZ2NI20G82 GKS OdzNI GA2Yy

The lessons learned from this iRt RGCARES would be:

1 Avoid polythene bags and use Ibef ones instead (if necessary);
1 Contingency planning is vital and is time and money well spent.

A key finding of the Stardust lessons learned team is that a minimum of one additional day should mave bee
included in the tweday recovery schedule. Given the complexity of a restricted return mission, requiring seal
integrity verification, careful recovery and local context sample collection, it seems likely that five to ten days
for recovery will be neceasy. The Stardust team conducted extensive field testing for both nominal and off
nominal scenarios leading to and operational readiness review. Furthermore, a ftttb-emtl balloon drop

test was performed, simulating an actual landing (Bard et al.,2006).

6.2.3.3 Hayabusal
Following a series of propulsion, communication, and control failures, the spacecraft successfully returned
to Earth in June 2010. The return capsule was predicted to land in a 20 km by 200 km area in the Woomera
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Prohibited Area, South Atralia. Four ground teams were stationed around this area and located the re
entry capsule by optical observation and a radio beacon. Then a team on board a helicopter was dispatched.
They located the capsule and recorded its position with GPS. Follopémgtions ensuring that the pyrobolts

and batteries used with EDL were safe and disconnected, the capsule was placed into a container with a
nitrogen atmosphere, for transportation, initially to a temporary facility in South Australia. JAXA built and
equipped a main laboratory in Sagamihara, Japan to carry out the external cleaning-artdgtation of the
recovered spacecraft, sample extraction and preliminary examination, and sample curation for the Hayabusa
mission.

The returned hardware was planned iioclude one sample of ~100 g, bloécause ofthe failure of the
sampling system, only ~1500 grains of asteroid material were recovered. These are still immensely valuable
scientifically, and were recovered from the sample container on an individual l&2@ndingency facility
operations were needed where micromanipulation was used to sort genuine asteroid particles from
contamination particles.

The lessons learned for EULIRARES would be:

1 The capsule may requige-armingto ensure pyrotechnig and batteres are deactivated;
1 Micromanipulation may be necessary to sort particles in the ESCF.

6.2.3.4 OSIRKRex

OSIRIREX (Origins, Spectral Interpretation, Resource Identification, Security, Regolith Explorer) is a NASA
mission launched in 2016 to encounter and sanfAdéeroid (101955) 1999 RQ@6own now as Bennand

return ~60g of asteroid sample back to Earth. The sampling is basedimncbhand-goQmethod that will

retrieve sample directly off the surface in a single collector and return it to Earth in a redpeuldike that

used by the Stardust mission.

After a 2year cruise, Earth atmospheric entry of the ERC will occur in September 2023 (Besho2®&bal

Four hours before entry, the SRC will be released from the spacecraft bus, and ardinedwre will be

executed to place the spacecraft into a heliocentric orbit. The SRC will®emtedIi K Q& | i Y2 & LIK S NB
MH (Ykas at2¢6SR FANRG o6& | RNR3IAS YR GKSY | YIAY
west of Salt Lake City.

TheSRC is tracked with UTTR range radars to within ~10 m of the landing location. Once landed, the SRC is
recovered and transported to a staging area at UTTR to prepare for transport to JSC. Air samples are taken
at both landing site and staging area to témt ERC outgassing. In addition, relevant soil samples will be taken
from the landing site, as well as samples of any other materials the ERC may have come into contact with
during landing and recovery. The canister is removed from the ERC and all haisitkansported to the JSC

Space Exposed Hardware cleanroom, where the sample canister will be opened in the dedicate®RBSIRIS
ESCF at JSC. Curators will have 6 months to complete an inventory of the returned sample, after which time,
investigators fromaround the world may apply for material and witnesses using an established
astromaterials loan request.

Lessons learned for EUFEARES would be:

1 The ERC heat skiemay emit contaminating gases;
1 Analysis of ERC outgassing at the landing site and latdrenilecessary.

6.2.3.5 Lunar Sample Return and Immediate Quarantine

The main difference between Apollo and future, robotic sample return missions is that safety consideration
for the astronaut crew is not a factor. However, human safety at the point of terrénaing is. Lessons
learned from the Apollo programme proposed the following points, relating specifically to a MSR mission
(Allton et al. 1998):
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1 Initiate planetary protection and sample preservation plamgnearly in the mission design;

Place responsility for back contamination and sample preservation at high managenesets;

1 Allow time for proper implementation of back contamination andmgde preservation
requirements;

1 Devise a technical plan to minimize conflicts in protocols for quarantinemplsaxamination and
preservation;

1 Reduce magnitude, and thus cost, of quarantine and curation operations by careful pacing and
careful planning of what to do in quarantine mode and what to do in quarantine mode;

1 Conduct necessary scientific and teataliresearch.

=

6.2.3.6 Overall Lessongdrned

The lessons learned from past missions can be used to create recommendationS@orrdeovery
operations. Please note that these recommendations do not represent the views of the experts consulted,
they have been castructed by the authors of this study.

Recommendations:

1 Start landing site negotiations more than 2 years in advance of planned landing

9 Liaise with local governments and military to understand all regulatory aspects of a landing site,
including cultural

9 Plan for recovery in all areas of the landing ellipse

9 Plan and train for: SRC landing outside of landing ellipse, SRC not being found in a long time, SRC
landing in water, SRC landing in mud (preventing nominal recovery operations), SRC opening upon
landing, night landing, extreme weather conditions such as flood/snow

1 All recovery personnel to be equipped with protection suits, clean tools, bags, containers to secure
loose samples if necessary

1 Make environmental measurements at the landing site using@i@aphy, taking soil, liquid, air and

vegetation (if any) samples

A temporary cleanroom is useful, but more relevant for unrestricted missions

Container/s for fractured components should be available

Cataloguing the many different fractured segments rhaynecessary from the point of landing

Use Teflon bagging (if necessary)

Provide containers for environment samples and spacecraft hardware

Use N purge for transport container for unrestricted missions.

=A =4 =4 =4 4 A

6.3 Landing e

Generally, a landing site is an ariglentified for the controlled arrival of an aerial vehicle. Sites for sample
return missions tend to be isolated and remote areas with low or zero population, which often equates to
limited infrastructure and the need for specialist access. Such enviotsralso make ideal civilian and
military test ranges because of the inherent security and safety provided by the location. As such, test ranges
with their specialist infrastructure make potential good landing facilities when considering a return space
mission.

There are limited options in terms of landing sites worldwide and many factors to consider such as security
of the site, accessibility, and political issues. The only two sites that have been used for previous sample
return missions are Utah Test@mraining Range, United States and Woomera, Australia. In both cases, there
were specific issues to solve prior to their use.

The NASA Stardust and Genesissionslanded at UTTR, antis also planned foOsiris Rex to land
there. It took 2 years fordckheed Martin to get approval from military authorities for landing at UTTR
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for the Stardust mission. This site has unpredictable weather and unexploded ordnance. For Stardust,
LI NI 2F GKS fFyRAY3 StetaiskIii® présensef fegtricted weapdhsiaindA O (i ¢
the recovery would have been slower should it have landed here.

At Woomera, during the recovery of the Hayabusa capsule, two aboriginal clan members had to travel in a
helicopter with the recovery team becausdepending on wher the ERC landedhere could have been
cultural/religious implications.

A given mission may have specific requirements. For example, a sample must land in a dry area that will
maintain an internal sample temperature below the freezing point of water; @mel may select a site and

time of year to support such a requirement. However, it is possible to focus on general requirements that a
return mission may impose. The main ones are the following:

9 The latitude and longitude shall be compatible with an Eagtiann insertion orbit

1 Testrange area shall be of sufficient size that it can accommodate a passive and active landing ellipse
with a TBD margin

Airspace in the immediate vicinity of the landing ellipse shall be restricted or controlled

The prevailing wid of the test range shall favour the landing ellipse

Airspace from the ground shall be unlimited to 10Qkm

Immediate grounespace of the landing ellipse shall be restrigted

Immediate grounespace of the landing ellipse shall be unpopulated

The geologylandform & local climate of the landing ellipse must limit the risk of a failed landing
The test history of the landing ellipse will limit the risk of wefrieval,

The test history of the landing ellipse will limit the risk of nuclear, biological omiclad
contamination of the landed component and samples

1 The selected landing ellipse shall minimise the risk of UXO.

= =4 =4 =8 =4 4 -8 -4

6.3.1 Landing Site Candidates

Landing site selection must be included in the initial stages of the mission design because many dictating
factorsare greatly weighted by the early architectural decisions of the mission; typioals, cost and the

orbital manoeuvres available. Spacecraft like the Apollo Command Module, used an active descent system
to reduce its return velocity through the atmosgre. An Earth Return Capsule must also dissipate its energy
and the technique (active or passive, like aerobraking) will have an impact on the final trajectory (where it
can land, safely). Other factors may be more subtle, for example, the decision i adwosigrade or
retrograde deorbit may not have a major impact on the additional need for propellant mass; however,
because the dissipated heat energy scales quadratically with the difference in velocity, the size and hence
the mass of the heat shielanust also be similarly scaled. This in turn has an impact on the range safety
requirements and ellipse size.

Sample return missions are not new and NAA&publishedits 8ample Return Handbofkovering all
aspects of such missions (Barrow et al, 2007 )addition to the landing ellipse requirements in terms of
latitude and longitude, another consideration in site selection concerns the accessibility of the site both
logistically and politically along with the situresources necessary to effectivelgdasafely recover such a
craft and its components (parachute, heatshiedtt.).

Landing sites selected for the future European sample return mission could be:

1 White Sands Area (WSA), USA,

9 Utah Testand Training Range (UTTR) USA,;
T Wallops, USA,;

1 Woomera Rage Complex (WRC), AUS;

1 Kazakh steppe, KZ;
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1 Esrange Space Cent@WVE
These are the conditions for landing in an ideal scenario:

1 The samm would be landed in a dry area;

9 The sample would be landed in day time

1 The sample would be landed not in winter élto the risk of rain, snow and floods)
1 The internal temperature of the sample would below the water freezing point;

9 The sample must not be contaminated by dust.

The characteristics of the main potential terrestrial landing sites are given in Tabé@xhave been selected

for further study in the context of a ESORble 6.3 summarises findings frapreliminary examination of

the main planetary protection and logistics issdiesthe six sitesto helpin decisioamaking for a landing
siteforfull dzZNB 9 dzNR LISIYy YA &daAz2yad |  WiNI T Fléevedadbantayesipm Ay R
disadvantages of the example sites.

1 Red = Disadvantages or diffigult
M1 Yellow = Unknown or indifferent
1 Green = Advantage

Sixpotential samplerecoverylandingsiteshavebeenconsideredn thiswork andit hasbeenshownthat the

missionarchitecture and engineeringof the ERChas a bearing on the preparation and selectionof an

appropriatelandingsite. It is expectedthat a USNASAled samplereturn misgon will adopt the useof the

UTTRfacility, as has been the casewith previousand current missions,suchas OsirisRex;with non-US
citizensrequiredto liaisethroughb ! { !Inf@ational Office. However,future missionscould be led by a

variety of agencies(e.g., China),or evencommercialentities like SpaceXwith ESAasa partner. Flexibilityis

thereforekey, andthisisindicated by severalptionsin Table6.3. AEuropeartestrangefacility, whichcould

be developedfor this type of samplerecovery,would be an attractive option. The EsrangeSpaceCentrein

Swedernis aviableoption with the potential to provide Europewith alanding site fofuture CATV missions,
such asVISRt isrecommendedhat this Europeancapabiliy is exploredand expertisedevelopedfurther,

assamplereturn missionarchitecturesarerefined.

Table6.2 - Environmental characteristics of possible landing site

Av. Temperature  Dust/Snow Av. monthly Biological Unexploded

REIOAEES Rarge(°C) Storm Precipitation (mm)  Contamination  Ordnance HEIENE
White Sands 610 436 Yes 21-97 Yes Yes No
Area
Utah Test and 3t0 432 Rare 1-80 Yes Yes No
Training Range
Wallops -2to +27 Rare 73-106 - No -
Woomera 6t0 435 No 13-20 - Yes No
Range Complex
Kazakh Steppe -18to +26 Yes 18-41 No No No
Esrange Space 1515 415 Yes 25-180 - No No
Centre
Siberia -25t0 +17 Yes 14-72 No No 3 km?
Vidsel Test -18to +22 Rare 14-58 No Yes No
Range
S'Z'Wirr'gaBa“"e -15t0 +20 Yes 5-60 - Yes <3k
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Table6.3- Landing site summary table

Provision

Nationality

Visas Required

Woomera
Range Comple

Commonwealt

Utah Test and
Training Range

White Sand
Area

Esrange Space
Centre

Wallops Kazakh Steppeg

Active Landing Yes Yes Yes Yes Yes Yes
Passive Landing  Probably Probably Probably Yes Yes Probably
Military Yes Yes No Yes Yes Yes
Security Yes Yes Yes Yes Limited Yes
Radar Yes Yes - Yes Unknown Yes
Beacon Tracking Unknown Unknown Unknown Yes Unknown Yes
Access Good Good Good Good Limited Good
Nuclear History No “ No No
Chemical History No “ No

6.3.2 Planetary Protection and its Impact in Landing Site Selection

In terms of impact on the selection of terrestrial landing site and planetary protection, its
restricted/unrestricted clasfication and the local environment will influence this. The major concern with a
Category V Restricted mission is that an unknown pathogen from a celestial body could contaminate the
terrestrial biosphere. While this risk is considered very low, the imgadifficult to quantify and therefore
warrants serious consideration in terms of mitigation approaches and preparation management in selecting
the site.

Forward contamination (an unwanted substance added in an uncontrolled quantity to the sample)adyimi

a concern. However, this can be quantified by the total cost of the mission, assuming a total loss. With regard
to preparation, it is possible to manage and limit forward contamination, at the point of landing, if arqate
postlanding inventory othe area is catalogued.

In broad terms, landing site contamination can be considered as:

il

=A =4 =4 =4 =8 =4

Biological (pollen, microbial & small mutgllular organisms)

Organic;

Inorganic

Isotopic (natural and industrial / legaoyclear testing (e.g. plutonium artdtium));
Particulate (e.g. pollen, dust, salts, industrial or spacecraft debris)

Gaseous (particularly oxygen)

Liquid (water)
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This broad definition of contamination should be used to inform the type of landing site monitoring and
context sample collectio It also informs the necessary preparation in obtaining permits or special
negotiations to remove samples from some sites.

Beyond the issue of contamination, temperature is also a major factor because of its effect on the rate of
chemical reactions betwan the sample and its container or the sample and localised contamination, in the
event that a sample container is breached.

6.3.3 Landing Site Consideration

6.3.3.1 Legal Documents

Legal documents include initial applications and all permits that relate to use ofatigersite, people,
hardware, shipping (including special permits to move potentially hazardous material and local samples),
ITAR paperwork and declared materials/components, risk assessments and passports / visas. It is also advised
that during preparatiorof recovery, key individuals are identified early in the programme and all relevant
legal documentation is managed with due consideration of time as some permits may require in excess of a
year to complete.

6.3.3.2 Visas

Travel visas to both the US and Austratiay be required. Some visas will be conditional on certain
vaccinations where individuals have travelled#briskKzountries (i.ie. countries with endemic Yellow Fever,
in the case of Australia).

6.3.3.3 Permits

Test ranges tend to be military establishmentsdait is advised that permits are sought in relation to
photography and sample collection. lllicit photography could result in transport complications and at worst,

the entire sample cache being impounded. Because photography is critical to the scisnagvised that a
dedicated photographic technician be assigned to the recovery team. Permits should be discussed with
bl {1 Qa 2FFAOS 2F LYGSNyrlridazyrt IyR LYGSNI3ISyoOe w
Esrange Space Center, Sweden.

6.3.3.4 Locd Bylaws

The relevant agencies can advise on localalsys and jurisdiction that may apply to visitors to military
property. Within Australia, the Government Law Reform Commission recognises Aboriginal customary laws
and traditions relating to land andscial religious sites. Some areas of Woomera are considered as special
sites and this should further be researched as part of initial assessment and negotiation with the WPA
Coordination Office.

6.3.3.5 Alien Access

Particularly within the USA, some foreign ioaals will not be permitted visas to work on a sample return
mission. Furthermore, while some aliens will be permitted access to the US only very limited access to military
facilities will be granted.

6.3.3.6 Local Legalities in Relation to Containment Loss

Therisk of an extraerrestrial pathogen must be quantified and a full risk assessment carried out to
determine how such risks might be limited and the effects of a worst case scenario. For example (and not
including the value of tourism), the mining rightsparts of Woomera are estimated to be worth some 35
billion dollars over the next ten years; with industrial contracts from BAE Systems to test drone aircraft and
a recent multimillion dollar contract for facility upgrades to test performance of tHgbRJoint Strike Fighter,

it seems likely that the Australian Government will want to consider assurances that a Mars Sample Return
mission does not represent any risk to their business interests.
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6.4 Earth Return CapsulERC)
6.4.1 Risk Mitigation of Return Mission

There areseveralfactors that can be used to reduce the risks from the returned samphesinasethat there
is a breach of containmeribackward PP)

6.4.1.1 Capsule Design

Sample return mission design will use an ERC designed for hard landing on EarthCTwid BE& use a
parachute for slowing desceritstead a descent aershell design will be incorporated. This design and the
numerous containment layers surrounding the sample tubes will reduce the likelihood that any containment
breach will happen and #refore release of sample to the Earth biosphere. It is envisaged that numerous
tests will be completed prior to mission launch to demonstrate the ability of the ERC to withstand this hard
landinginto the severalifferent surface types itnightencounterat the chosen landing site. A hard landing
could result in a transient of hundreds of g. The sample biocontainer, which is within the ERC, has a design
requirement to be able to withstand approximately 50g of acceleration and it may be assumed thahgnythi
within the sample container may also be submitted to this acceleration. There may also be a test method
engineered into the ERC to show that containment has not been breached in the descent to earth and impact.

6.4.1.2 Impact Forces with Earth

As the envisagedeturn missions will utilise hard landing of the ERC, then this will potentially reduce the
viable population of any lifeform in the return samples from the impact of the ERC with Earth. Impacting
organisms at high velocities into a solid semi solid serfaitl cause pressure waves and heat that could
inactivate certain organisms within them (SterLim, Feasibility studies and tests to determine the sterilisation
limits for sample return planetary protection measures, in response to ESA call-RFLH3/14/N_/HB).

6.4.1.3 Sample Composition

Of the samples returned during a Mars Sample return missnmstwill be rock cores and small rocks mixed

with regolith. These are likely to be a mixture of sedimentary, hydrothermal and igneous in origin (e.g. iMars,
2008).Microorganisms can survive the formation of some rocks, particutEtimentaryand evaporites.
Expedition have recovered samples of DNA that were 250 million years old as far down as 1.2 km
underground. Water can aid the penetration of bacteria into basgltérrying the cells through pores if the

size is adequate to allow passade contrast, sedimentary and hydrothermal samples may have micro
organisms as an intrinsic part of their formation associated with the presence of water.

6414 9 ELJ &dzNB (i 8ph&@d NI KQa ! (Y2

It is likely that the terrestrial environment may be toxic for any microorganigmsing from an
extraterrestrial environment. Organisms that thrive in a high carbon dioxide and low oxygen environment
(capnophiles) may find high levels of oxygenidpkke many capnophiles found in environments on Earth
(George, 1979)f containmentwereto break on the ERC and Earth atmosph&egeto contact the sample,

then the level of oxygen could kill any organism present, eliminating any potential riskbiaokwards
contamination. It should be noted though that some organisms are capable of aerobic respiration and
fermentation, so can survive in either oxygem carbon dioxideich atmospheres (Gregory and Fridovich,
1974). This entire reasoning assumesitha LJr § K23SyAOAGe 2F 9F NI KQa o0A?2
prokaryotictype organism. But there are also spores or #ieing macromolecules/prions that could have a
toxic effect on terrestrial life.

6.4.1.5 Decontamination of the Landing Site

The ERC may be engered to have sensors within it to detect if there has been a loss of containment and
release of sample (e.g. pressure sensors). This will allow the retrieval teams to identify early in the recovery
phase if measures are needed to decontaminate the lagdite (or a wider area). Decontamination of the
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landing site will help to reduce the risk from a srsadhle contamination event limiting further spread of any
potential extraterrestrial lifeform.

6.4.1.6 Biocontainment of Earth Return Capsule

Currently, the MSRFA &a A2y FLIISFENR (2 0SS olaStAyAy3da +y WIRE
involves collecting the samples directly into sample tubes, hermetically sealing the samples in the tubes then
caching them directly (e.g. no intermediate canister wél ised) on the Mars rover for transport to an
appropriate location. Sample tubes and blanks will be picked up from the Mars surface for return to Earth at

a later date As a consequence, the current MSR mission scenario has an Earth Return Capsulei¢@BRC) wh
performs a hard landing at a sparsely occupied location on Earth. Inside tHEIG&®RE 6.3)s a Biocontainer

(BC). Inside the Biocontainer there is a Sample Container (SC) and inside this there are the Sample Tubes (ST).
The exact amount of sampl@éd number of sample tubes is subject to change.

The outside of the hardware down as far as the biocontainer is considered to be Earth contaminated during
landing and so higlevel contamination protection is, in theory, not needed. Howeviethe Earth Reurn
Capsule is breached or damaged in some way, contingency measures may need to be in place.

The sample tubes (ST) will be exposedeawgeraldifferent pressures during the course of the mission. The
initial pressure within the ST represent the atmospbgressure found on the celestial body, such as Mars.
Then when the sample container is in space, this external pressure will be reduced in comparison to the ST
LINBaadiNEd® ¢KSy 2y SyYyiNB Ayid2 GKS 9 NI KSthe ST wilvb2 & LIK S
at negative pressure to the Earth. Thmst recentdesign of sample tubis currently being pressure tested

to investigate the most appropriate tube and seal material. These need to provide a low leak rate for the
tubes whilst also havinginimal offgassing that might taint the sample with chemicals. The design of the
biocontainer(Figure 6.4may accommodate a monitoring system to identify any breach in containment.
These will measure the pressure within the biocontainer and will trangriinformation to mission control

and/or the recovery teamso containment can be assessed during the landing process. A measurement in
the level of pressure change from that which is expected will help determine the size of the breach in
containment.

Returned Sample Material Types <+—350 Mm——>
e  Core samples
Atmospheric

ini fating of
Regolith Schematics of the Bio- «  Earth Entry System (EES)
Raarng BC Containment (BC) system (Earth surface pressure 1000mbar)

«  Orbiting Sample (OS)
Blanks 2 (pressure: 50 mbar to 500 mbar TBD)
Witness plates L = Sample Cache (SC)
(Head) Gas L (Mars surface pressure Smbar)
Sample Tube (ST)
(Mars surface pressure 5mbar)

Mass of sample material in
each Sample Tube (ST) ~
20g for core sample,

regolith
Cores will be of a single, Minimum Sample Volume
specific diameter within per Sample Tube (ST)
the range 0.5 to 1.5 cm, (Rock or Regolith) = 8 ml
and a length of up to 10 for core sample, regolith

cm, with a minimum core
length not greater than 2
cm

1
3 sample cache
\

250 mm—

\

\ core \’ml /
L sample \ ‘
Number of samples in the ~ ‘
cache (includes: rock, /

regolith and/or dust, (
blanks/standards) = 38

sample tube

Sample Cache (SC) concept used for NASA Mars2020
Technology Demonstration of Sample Tube (ST) sealing

Figure6.3- Returned sample material types and container hardware. Credit (TAS, 2016)
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Bio Container (BC)
External lid

Bio Container (BC)
Internal lid

Sample Tube (ST)

KEY

- Earth contaminated surfaces

I:’ Mars contaminated surfaces

I:I Decontaminated surfaces

Orbital Sample (OS)

Bio Container (BC)
Internal container

Bio Container (BC)
External container

Figure6.4- Biocontainer showing orbital sample and sample tubes within. Colour scheme shows Earth contaminated (blue) and
Mars contaminated (red) surface

6.4.1.7 Biocontairer Monitoring

The Mars Sample Return biocontain@&igure 6.4)will use a monitoring system to detect a breach. The
monitoring system is a pressure/temperature based system that will monitor a defined pressure within a
well-known volume. Once pressurisethe environment and status of the interessels chamber and
chamber containing the samples is then monitored by reading the pressure and temperature from the
transducers. The data collected is then transferred to the capsal®ireless data transmission.

There is an overall requirement on the etwtend probability of contamination of the Earth with returned

Al YL Sad ¢KAa Aa (GKFG GKS LINRPolFoAftAGE 2F O2ydal YAY
x10°. This is the critical requingent all space segment designs are trying to mBgimplication, to establish

that there is no breach, the biomonitoring system would need to prove that the likelihood of contamination

by a particle > 20im in size is less than 110° (ESFESSC Studyr@ip, 2012) This is very challenging
technically and may be difficult to establish, so it may be necessary to assume that there is a breach from a
Planetary Protection point of view. On the other hand, thorough engineering validation and testing could be
used to confer protection, whereas the public perception of risk may prevent the mission going ahead if there

is an assumption of a breach.

6.4.1.8 Temperature of the Samples

Consideration needs to be given to the temperature of the capsule during recoveryapsele will
undergo the possible extreme temperatures ofastry (although protected by an ablative heat shield)
and then land in a hot desert. It has been assumed here that rather than undergo repeatefieert
cycles, it would be preferable scientdilly that the samples temperature be kept within room
temperature range. If cold storage is required, then a subset of the samples could be sent to the vault
storage facility which will have cold storage capacity.
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6.5 ERGQGecovery and initial inspection
6.5.1 Concet of Operations

It is standard practice whettesigninga system to define what is in the system and what is outside the
system. This helps to define what the boundary of the system is and where it interfaces with external
factors. The recovery and inspaoh system described in this work is influenced by external factors,
including the Earth Return Capsule (which is designed by an industrial team and is not part of the ESCF
infrastructure) and the organisation and management of the process as well a@salpbthical, legal and
social aspects of the recovery proceduvehilst the transport container is an integral part of the
recovery procedure, it is defined as outside the syst€he capsule and its component parts eventually
need to be transported tolte ESCF, so this is also defined as outside the system. The functions of the
system are contained within the system boundary (dashdtigure6.5).

Figure6.5 - Definition of system (dashed line is the system boundary, blue aam@nsterfaces to external factors)

The concept of operation describes the different phases of the recovery procedure. For a general overview,
Figure6.6 shows the overdl WO2y OSLJG 2F 2LISNI A2y aqQo

Figure6.6- ER(Recovery and inspection concept of operations
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