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Main Sequence of Operations
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SO2. SCV Dust 
investigated

SCV Disassembly

SO3. SCV 
Investigated
separately

SO4. PCV Dust 
(martian) 
investigated

PCV Disassembly

PCV.3
PCV has hole drilled to 

equalize pressure
Gas Sample

PCV.4
PCV cut along some TBD 
location below the braze 

line

PCV.5
OS is removed from the 

PCV 

OS.1
OS Cleaning Step 

SO5. Dust 
inside PCV 
collected & 
investigated

PCV.6
Inside PCV & outside OS 

Dust Collection

SO6. PCV 
Investigated
separately

OS.2
OS/PCV 

Engineering Inspection
(e.g. fractures, vessel 

integrity)

GO/NO-GO

OS.3
OS Opened

OS.4
Sample Tubes Removed

RSTA are removed one by 
one from OS body 

OS Disassembly

Seal integrity check 

Pre-BC.1
Inside OS & Outside 
Tubes Martian Dust 

Collection
1st Macro Particulate 

Tube Cleaning

Pre-BC.6
STIC/RSTA 

Transport to TSS or 
Retrieve from TSS or 

Continue

Pre-BC.4
2nd Tube Cleaning 
Process (inorganic, 

organic, and biological 
reduction)

Pre-BC.5
RSTA Loaded into isolated 

system to prevent 
terrestrial contamination 

GO/NO-GO

Pre-BC.7
Transport of samples to 

XCT 

Pre-BC.11
Transport to TSS or 

Retrieve from TSS or 
Continue

Pre-BC.2
RSTA/OS Visual 

Documentation (photos, 
microscopes), Weight

Seal integrity check 

Pre-Basic Characterization

SO7. Martian Dust 
Process

Pre-BC.12
3rd Tube exterior 
Cleaning  Process  

(inorganic, organic, and 
biological reduction)

Temporary STIC 
Storage (TSS) 

SO8. OS 
Investigated
separately

Pre-BC.3
Add shower Cap (to 
protect sample from 

cleaning process) 

Pre-BC.8
XCT Measurements 

Basic Characterization
Gas extraction and analysis 

 
Per Sample Tube

RSTA  opening

BC.3 
RSTA are resealed and 
hermetically capped

BC.6
RSTA are cut below 

hermetic seal & above 
alumina

SO10. RSTA 
Investigation

BC.5
Identify Sample Removal 

Technique from RSTA 
based XCT & M2020 

Dossier
(e.g. intact core, 

fractured sample, 
regolith)

BC.8.c
Analytical balance

BC.8.d
Multispectral/ 

Hyperspectral Image

BC.8.e
Leica DM6 M; fully 

automated Materials 
reflective microscope

BC.8.a
Sample Photo 

Documentation (e.g. 
Stereo microscope, IP 

Camera PTZ)

BC.8.b
Physical description 

(metadata)

BC.7
Sample Removal 

BC.9
Place Sample into Pristine 

Sample Container 

BC.11
Place individual 

containers in PSS 

BC.10
Weigh each individual 

sample container

BC.1
Weigh each individual 

sample Tube

BC.4
Weigh each individual 
sample Tube (Verify 
Sample Weight after 

vaccum

BC.2
Core-containing sample 

tube pierced

SO9. Atmospheric 
Gas Process

Pristine Sample Storage (PSS) 

Used Subsample 
Packaged and placed in 

Psub Storage

Instrument Analysis with 
polished or thin sections 

#7.2 
#11.2

Or with powders
#10.2
#11.2

Used Subsample 
Packaged and placed in 

RSubS

Cold Storage

Entrance into BSL4 like 
biocontainment

Step producting data to be 
included in the Sample 
Catalogue 

Go/No-Go Decision Point – Continue 
on the outlined plan OR initiate a 
contingency plan (based on situation 
report after inspection).

Step

High Level Process

 
Per Sample Type

Proceed to next step, Change in one or 
several environment parameters 
(atmosphere, contamination control, 
etc.)

Temporary STIC 
Storage (TSS) 
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Landing Site Operations

All further steps are under BSL4-like 
biocontainment

EEV.6
CAM Lid 

Removed

EEV Disassembly

EEV.4
EEV

Terrestrial Debris 
Removal

EEV.5
EEV

Final Engineering 
Inspection

LS.1
EEV Placed in ERIC at 

landing site

LS.2
ERIC and Site CK Samples 

Transported to TIC

LS.3
ERIC/TIC transported to 

SRF

EEV.2
EEV Removed from ERIC

TIC (EEV) SRF Arrival and Disassembly

EEV.3
EEV Preliminary 

Engineering Inspection
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EEV.7
SCV Removed 

EEV.1
ERIC moved into 

containment

Non-nominal 
landing

If onsite triage

SCV.2
Engineering Inspection of 

SCV
(e.g. fractures, vessel 

integrity)

SC
V
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SCV.1
SCV Dust Removal

Cleaning Step

SCV.3
SCV Lid Removal

SCV has hole drilled to 
equalize pressure

SCV Lid latches are 
pressed to release Lid 

and  lifted away from the 
SCV base

SCV.4
PCV Removal

Sleeve deflects pawls
 PCV is gripped by gripper 
and is removed from SCV 

base

PCV.2
PCV Engineering 

Inspection
(e.g. fractures, vessel 

integrity)
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PCV.1
PCV Dust Removal

Vacuum Cleaning Step

GO/NO-GO
GO/NO-GO

RSubS.2
Mechanical subdivision of sample with increased invasiveness 

(#30.SP1.1,
 #30.SP1.3)

Rock Sample Prep Space #2 Embedding and Mounting
Rock Sample Prep Space #3 Sample grinding and polishing

RSubS.3
Photo Documentation 

(Video, Camera, 
Stereomicroscopy and 
high-res. Microscopy), 

Weighing

RSubS.4
Place sample splits in 

dedicated container for 
transport; Remaining 

sample splits go to RSubS

RSubS.1
Retrieve Subsample from 

RSubS

Reusable Subsample 
Storage RSubS

PSS.1
Retrieve Pristine Sample 
Core / Subsample from 

PSS 

PSS.4
Place Subsample in 

dedicated container for 
transport and analysis; 

Remaining Pristine Sample 
Core/Subsample back to PSS

PSS.3
Photo Documentation 

(Video, Camera, 
Stereomicroscopy and  
high-res. Microscopy), 

Weighing

PSS.2
Subsample Picking 

Pristine Sample 
Storage PSS

Sample Picking, Preparation and Storage

PSubS.2
Photo Documentation 

(Video, Camera, 
Stereomicroscopy

 and high-res. 
Microscopy), Weighing

PSubS.3
Place sample splits in 

dedicated container for 
transport; Remaining 

sample splits go to PSubS

PSubS.1
Mechanical subdivision of 

sample with limited 
invasiveness

cutting (#30.SP1.2 or 
equivalent) , as well as 
grinding, crushing and 

powdering 

Pristine Subsample 
Storage PSubS
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PE and Science

Proceed to next step, no change in 
environment
Proceed to next step, no change in 
environment

Option/Highlight
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Instrument Analysis with 
unprepared samples: 

#7.1, 
#8
#9

#10.1
#11.1
#12
#13

R
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Instrument Analysis  
#25 EPR

RSubS.5
#31 

Basic wet chemistry 

RSubS.7
#32 

Microbiological 
laboratory

RSubS.6
Rock Sample Prep Space #4: 

Sputtering

Instrument Analysis 
#14
#15
#16
#17
#18
#19
#20
#21

#23.1
#24b
#27
#28

#26
BET surface area analysis

Terminal, sample is 
consumedPristine Subsample 

Storage PSubS

Reusable Subsample 
Storage RSubS

Cold Subsample 
Storage CSS (-20°C)

Cold Storage

Sample subdivision, 
preparation and 

packaging

Sterilization with 
gas analysis in 

parallel 

Transport to outside SRF 
for Laboratory Analysis 

SO11
STERILIZATION

Sample subdivision, 
preparation and 

packaging

Sterilization with 
gas analysis in 

parallel 

Transport to outside SRF 
for Laboratory Analysis 

SO11
STERILIZATION

Seal Integrity Check 

Branch point (Outside of MOSDT scope) 

Branch-Point (Inside MOSDT scope)

SO1. EEV 
investigated 
separately



Visual Documentation/weight  dust collection/cleaning
 inorganic, organic and 

biological collection/cleaning 
 hand off for engineering “inspection of 

tube and seal integrity check”

Seal Integrity Check 
Investigated
separately

SO7. 
Martian Dust 
Process

SO9. 
Atmospheric 
Gas Process

SO5.
Dust inside 
PCV collected & 
investigated

Prepare tube for gas 
extraction

Seal off and remove gas 
bottles

Puncture tube

Install #33 sealed puncture 
device, gas line and 

manifold

High-evacuate  system

Allow expansion of gas into 
system

Seal off gas bottles

Repeat evacuation and 
expansion into bottles

Gas in bottle introduced to 
instrument

Manifold

Aloquot bottles

SO10. 
RSTA Operation

#23.1 #24

Sample subdivision, 
preparation and 

packaging

#29.2
Sterilization by γ -ray
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Transport to outside SRF 
for Laboratory Analysis 

#29.1
Sterilization by heat 

Sterilization by other TBD 
methods 

#23.2
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Gas produced during sterilization method
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SO11
STERILIZATION

Reusable Subsample 
Storage RSubS

Pristine Subsample 
Storage PSubS

Pristine Sample 
Storage PSS

Side Investigations
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SO2. SCV Dust 
investigated

SCV Disassembly

SO3. SCV 
Investigated
separately

SO4. PCV Dust 
(martian) 
investigated

PCV Disassembly

Cold Storage

Entrance into BSL4 like 
biocontainment

Step producting data to be 
included in the Sample 
Catalogue 

Seal Integrity Check 

Branch point (Outside of MOSDT scope) 

Branch-Point (Inside MOSDT scope)

Go/No-Go Decision Point – Continue 
on the outlined plan OR initiate a 
contingency plan (based on situation 
report after inspection).

Step

High Level Process

Proceed to next step, Change in one or 
several environment parameters 
(atmosphere, contamination control, 
etc.)
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Landing Side on Earth

All further steps are under BSL4-like biocontainment

EEV.6
CAM Lid 

Removed

EEV Disassembly

EEV.4
EEV

Terrestrial Debris 
Removal

EEV.5
EEV

Final Engineering 
Inspection

LS.1
EEV Placed in EEV 
Receiving Isolation 
Container (ERIC) at 

landing site

LS.2
ERIC and Site CK Samples 

Transported to Mobile 
BSL-4 Lab (MBSL)

EEV.2
EEV Removed from ERIC

EEV/TIC SRF Arrival

EEV.3
EEV Preliminary 

Engineering Inspection
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EE.7

SCV Removed 

EEV.1
ERIC and CK Samples 

moved into MBSL

EEV lands on Earth 

SCV.2
Engineering Inspection of 

SCV
(e.g. fractures, vessel 

integrity)

SC
V
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SCV.1
SCV Dust Removal

Cleaning Step

SCV.3
SCV moved to isolator 

and secured 

SCV.4
PCV Removal

Sleeve deflects pawls
 PCV is gripped by gripper 
and is removed from SCV 

base

P
C
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PCV.1
PCV Dust Removal

Vacuum Cleaning Step

GO/NO-GO

Proceed to next step, no change in 
environment
Proceed to next step, no change in 
environment

Option/Highlight

EEV CAM 
Replaced and 

Contained

MBSL Transportation & Integration into SRF

SCV.5 
MBSL Transported to SRF

SCV.6 
MBSL Integrated into SRF

SCV.7 
Isolator with SCV 
Transported into 

Designated SRF Lab

SCV.8 
SCV moved into 

Disassembly Isolator (If 
different/necessary) 

Continue in Main 
Sequence of 

Operations with 
PCV.2

Onsite Triage Alternative Sequence of Operations

SO1. EEV 
investigated 
separately



Non-Invasive Sample Processing/Subdivision

The highest CC requirements are necessary to 
protect samples from potential terrestrial 

contamination 

Pristine subsamples generated using non-
invasive techniques (Picking)

CC/PP Isolation Chamber

Minimally-Invasive Sample Processing/
Subdivision

The highest CC requirements are necessary to 
protect samples from potential terrestrial 

contamination 

Pristine subsamples generated using minimally 
invasive techniques (Dry wire saw)

CC/PP Isolation Chamber

Pristine Sample Mounting

High CC requirements are necessary to protect 
samples from terrestrial contamination 

Pristine samples mounted using chemical 
means (Epoxy)

CC/PP Isolation Chamber

Pristine Sample Preparation

Subsamples preparation under variable levels of 
CC requirements may be necessary 

Pristine samples chemically processed (sample 
extraction)

CC/PP Isolation Chamber or Separate 
Laboratory

Pristine Subsample Storage

The highest CC requirements are necessary to 
protect samples from potential terrestrial 

contamination 

1) Store pristine subsamples 
2) Samples segregated by type

CC/PP Isolation Chamber

Reusable Subsample Storage

The CC requirements are necessary to protect 
samples from potential terrestrial 

contamination 

1) Store non-pristine subsamples 
2) Store samples collected during disassembly

CC/PP Isolation Chamber

Reusable Sample Preparation

Subsamples preparation under variable level of 
CC requirements may be necessary 

Non-pristine samples chemically processed 
(sample extraction) 

CC/PP Isolation Chamber or Separate 
Laboratory

Reusable Sample Mounting

Variable levels of CC requirements may be 
necessary 

Non-pristine samples mounted using chemical 
means (Epoxy)

CC/PP Isolation Chamber

Rapid Transfer Ports

Variable levels of CC requirements may be 
necessary 

Chambers/ports necessary to allow for samples 
to remain in controlled environment(s) while 
moving from storage/processing to analysis

CC/PP Isolation Chamber

Instrument Boxes

Variable levels of CC requirements may be 
necessary 

Chamber/ports necessary to allow for samples 
to remain in controlled environment during 

analysis

CC/PP Isolation Chamber

SCV Cleaning & Engineering Inspection

1st opportunity to protects samples from 
potential terrestrial contamination 

1) Remove potential terrestrial contamination 
2) Inspect SCV for visible signs of a breach

3) Take swab samples for PP and CK/BK 

CC/PP Isolation Chamber

Open SCV & Remove PCV

Specialized equipment integrated into the DWI 
is utilized to open the SCV and extract the PCV 

1) Hole drilled into SCV to equalize pressure 
2) SCV latches released and opened

3) PSV is removed 

CC/PP Isolation Chamber

PCV Cleaning & Engineering Inspection

Necessary to protect Martian dust outside of OS 
from potential terrestrial contamination 

1) Remove potential terrestrial contamination 
2) Inspect PCV for visible signs of a breach

3) Take swab samples for PP and CK/BK 

CC/PP Isolation Chamber

Open PCV & Remove OS

Specialized equipment integrated into the DWI 
is utilized to open the PCV and extract the OS 

1) Hole drilled into PCV to equalize pressure 
2) PCV cut and opened

3) OS is removed 

CC/PP Isolation Chamber

OS Cleaning & Engineering Inspection

 Necessary to protects Martian dust inside the 
OS from potential terrestrial contamination 

1) Remove potential terrestrial contamination 
2) Inspect OS for visible signs of a breach
3) Take swab samples for PP and CK/BK

CC/PP Isolation Chamber 

Open OS & Remove RSTAs

Specialized equipment integrated into the DWI is 
utilized to open the OS and extract the RSTAs 

1) OS latches released and opened
3) RSTA macroparticle precision cleaned

3) RSTA visually inspected & seal integrity checked
4) Martian dust collected from OS

CC/PP Isolation Chamber

RSTA Cleaning & CEC Installation

 Necessary to protect pristine samples from 
potential terrestrial contamination 

1) Install CEC over seal 
2) Precision clean RSTAs

3) Place in RSTAs into STICs 

CC/PP Isolation Chamber

Temporary Sample Storage

 Necessary to store the RSTAs during Pre-BC 

1) After RSTA’s first placed in STIC 
2) In between Pre-BC analyses

3) Until BC can begin

CC/PP Isolation Chamber

RSTA Final Cleaning

Necessary to protect pristine samples from 
potential terrestrial contamination acquired 

during Pre-BC

Remove potential terrestrial contamination

CC/PP Isolation Chamber 

Gas Extraction

1st time RSTA in penetrated so the highest CC 
requirements are necessary to protects samples 

from potential terrestrial contamination 

1) Pierce RSTA and extract gas sample 
2) Replace CEC

CC/PP Isolation Chamber

RSTAs Cut

Specialized equipment integrated into the DWI 
with high CC requirements is utilized to cut the 

RSTA. 

 RSTA is mechanically cut but not opened

CC/PP Isolation Chamber 

RSTAs Opened & Sample Extracted

The highest CC requirements are necessary to 
protects samples from potential terrestrial 

contamination 

1) RSTAs opened and BC performed
2) Non-invasive subdivision occurs 

CC/PP Isolation Chamber

Pristine Sample Storage

The highest CC requirements are necessary to 
protect samples from potential terrestrial 

contamination 

1) Store pristine samples 
2) Samples segregated by type

CC/PP Isolation Chamber

Flight Item Disassembly

Basic Characterization

Preliminary Examination

This count is one of the possible counts for isolators, and should not be considered a finding from MOSDT. 
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