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LEVEL 1 REQUIREMENT

PLRA 4.1.1.1
Return ≥ 60 g of pristine bulk sample from RQ36 and archive 75%
of the total returned mass for future analyses. ‘Pristine’ is defined
to mean that no foreign material introduced into the sample
hampers the scientific analysis of the sample defined in 4.1.1.5.

LEVEL 2 REQUIREMENT FOR PRISTINE
• For example, we could assume RQ36 is similar to
a carbonaceous chondrite meteorite

LEVEL 2 REQUIREMENT
• For example, we could assume RQ36 is similar to
a carbonaceous chondrite meteorite
✓ Scientifically valid

LEVEL 2 REQUIREMENT

Total Amino Acid Abundance (ppb)
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LEVEL 2 REQUIREMENT
• For example, we could assume RQ36 is similar to
a carbonaceous chondrite meteorite
✓ Scientifically valid
~ Verifiable
x Achievable
Recommended for but not achieved by MSL

Existing ATLO facilities are
probably inadequate.
Construction of a new
building is well outside
budget!

LEVEL 2 REQUIREMENTS
Doc – Id # Requirement
MRD-107

OSIRIS-REx shall return and maintain the bulk sample exposed to total
elemental contamination on the TAGSAM Head for the following elements: C,
K, Ni, Nd, Pb, Sn (TBR elements and values)

MRD-108

OSIRIS-REx shall limit total hydrazine contamination on the TAGSAM Head
surface to < 180 ng/cm2.

MRD-109

OSIRIS-REx shall return and maintain the bulk sample exposed to total amino
acid contamination < 180 ng/cm2 on the TAGSAM Head surface.

MRD-110

OSIRIS-REx shall document the contamination acquired by the TAGSAM Head
during flight.

MRD-111

OSIRIS-REx shall generate and follow the project contamination control plan.

MRD-406

OSIRIS-REx shall provide a ≥1 g sample of all materials of which the TAGSAM
Head, TAGSAM launch container interior, SRC canister interior, or witness
material are composed.

IN SITU LEVEL 3 REQUIREMENTS

TBR

1. The Spacecraft shall be capable of measuring and/or collecting
and retaining mobilized species that can enter and be retained by
the sample. That is, contaminants in proximity to, or in line of sight
of, the TAGSAM head, garage, and SRC canister at the levels listed
below:
Species

End of Life
Measurement
Requirement

Lifetime Requirement

Amino Acids

18 ng/cm2 per aa

180 ng/cm2

Hydrazine

By modeling

180 ng/cm2

C

180 ng/cm2

180 ng/cm2

K (or Rb?)

?

5.44 µg/g (or 23ng/g of Rb)

Ni

?

1.1 µg/g

Nd

?

47.4 ng/g

Pb

?

25.3 ng/g

Sn

?

16.8 ng/g

JSC
Disassembly
of TAGSAM

Opening SRC

EDL

UTTR
Recovery

Construction of
JSC Cleanroom

Space
Sampling

Launch

Final Cleaning?

RQ36 Arrival

KSC, etc.

Final Cleaning?

TAGSAM Assembly

LM

S/C & ATLO materials

See next page
TAGSAM
components

TAGSAM Head, etc.

ATLO Witness (lifetime)
~100 ATLO Witnesses (checked periodically)
Always open Witnesses (TAGSAM & SRC)

Pre-sample Witnesses (TAGSAM)
Purge N2

TAGSAM N2
Purge N2

N2H4

Post-sample Witness (TAGSAM)
Recovery & Cleanroom Air
UTTR
Witness

Cleanroom air

UTTR Witness

JSC
Cleanroom
Witness

JSC Cleanroom Witness

Sample

Amino acid analyses: GSFC Astrobiology Analytical Lab
Inorganic analyses: TBD
Gas and C analyses,: JSC Toxicology Group
Is the ~100 ATLO witness the right number. Why look at any before final cleaning?
Notes: Location axis is not to scale by any metric.
“TAGSAM head etc.” refers to areas of special concern: TAGSAM head, garage, SRC canister, and witness material
Red boxes are analyzed in real time to check for compliance. Blue boxes are archived for later analysis.

Contamination Analysis of TAGSAM, SRC Canister, Garage & Witness during ATLO
(dotted boxed region on previous page)
Time

Components

Machining

Assembly

Integration

Cleaning

Launch Ops

(e.g. 6061 Aluminum)

(e.g. drilling holes)

(e.g. bolting together)

(e.g. adding to s/c)

(e.g. contam. shake test,*
precision cleaning)

(e.g. ELV integration)

Witness (lifetime)
Witness

Bulk Analysis
(Inorganics)

Contamination
Knowledge Bulk
Analysis/Archive

Witness

Witness

Contamination
Knowledge Surface
Analysis/Archive

Does it meet
spec?

Witness

Witness

Surface
Analysis
(all)
Authorization
to proceed?

Contamination control (blue) verifies requirements
Contamination knowledge (red) explores chemistry beyond requirements with time and budget allocated
A fraction of each witness is archived for future analyses
Black arrows show the flow of potential contaminants
*Performed on EDU, see CSR E-12 and M.10-4

CARBON REQUIREMENT
For C, the tentative Level 4 contamination budget (how much
C/event) has the tightest preliminary allocation of 20 ng/cm2 for
TAGSAM materials to be assembled.
One monolayer is ~20 ng/cm2. It is impossible to get better than this.
Requirement could be for C, TOC, or TBD solvent soluble C. This is
currently written as total C for perceived ease of measurement,
though we don’t care about CO2 & carbonate (but do care about
graphite).
Measuring C (in general as opposed to specific compounds) is difficult
to do routinely. Ian Franchi can measure 10ng in 1 cm2 but not
quickly. JSC Toxicology has been recruited but can only measure 180
ng in 52 cm2. To measure 20 ng requires stuffing almost ½ m2 into
their oven. Other techniques are being explored.

SO IS 180NG/CM2 THE RIGHT NUMBER?
Analogous meteorites contain ~3% C. Of that 1-30% is soluble. The
other element requirements are based on 10% of chondritic
abundance, so 30 mg/g total C or perhaps 300 ng/g soluble C?
Assuming 100% transfer from TAGSAM to regolith gives 900 ng/cm2
total C or 9 ng/cm2 soluble C.
or
Take hydrocarbons as a proxy for industrial contaminant take 35 ppm
as the hydrocarbon requirement (10% of Murchison abundance) and
monitor C-H and C-F stretches by reflectance IR at 1 µg/cm2
or
Another way is to see what Stardust achieved. This requires an
analysis of the Stardust flight aluminum or sapphire witness coupon
or piece of the sampler structure.

OTHER ELEMENTS
Though imperfect, it took many months of debate during Phase A
to draft the level-2 requirements which are:
• Scientifically based
• Verifiable
• Achievable within the NF3 cost cap
We have been pushing this for inorganics since the last STM, but
it has been challenging.
2010

December 2011

February 2012

March 2012

Inorganics don’t
matter since metal
flakes are obvious

Limit the abundance of Limit the abundance of Limit the
73 elements in TAGSAM 10 elements in
abundance of
etc. materials
TAGSAM etc. materials 5 elements on or in
TAGSAM etc.

IN SITU LEVEL 3 REQUIREMENTS
2. The witnesses shall be designed to have the same temperature
history as TAGSAM or the SRC canister within 20°C (TBR).

3. The Spacecraft shall collect the materials listed in requirement 1
during the following mission operations:
a. All exposure after final cleaning through just prior to, but
not including, TAGSAM sample collection
b. All exposure following, but not including, TAGSAM sample
collection
c. All exposure from final cleaning onward, not including the
sample particulates > 10 µm (TBR)
a: is to distinguish input from s/c
b: is to distinguish SRC outgassing from sample outgassing
c: is to fill in gaps between a and b

STARDUST LESSON

CH3-NH2 +
CH3CH2-NH2
In Stardust there was not enough material to
measure the isotopic ratios of the amines in
aerogel & foils.

Luckily the ratios of these compounds could not
be produced by different mixtures of
contamination sources.
Thus, at least some of the CH3-NH2 is cometary.

SAMPLE OUTGASSING SAMPLER?
Suppose 4 chemical adsorbant traps were placed in TAGSAM to trap
gases carried by the N2 pulse?

e.g. Trap used by SAM in MSL

or

Regolith

Does this solve more problems than it creates?

IN SITU LEVEL 3 REQUIREMENTS
4. The Spacecraft shall accommodate each witness sample
material of a size ≥10 cm2 and the witness material shall be
separable without contamination of the controlled compounds
into 50 sample segments for distribution.
a. Four duplicate samples of identical size/volume for each
witness material shall be vacuum-sealed and maintained at the
curation facility at JSC.
5. The Spacecraft and its operation shall minimize the TAGSAM
sample head’s exposure to a total outgassing fluence such that it is
consistent with the total contamination budget for TAGSAM.

FLIGHT WITNESSES
The nature of the witness material has not yet been defined.
• It does not need to be all the same material.
• It cannot contaminate the sample or complicate the analyses.
• It should be chemically similar to the thing it is witnessing
(TAGSAM head, though we really care about the sample).
Suggestions have been: pure aluminum, pure silicon, 6061 aluminum,
gold, sapphire, zeolite
• 6061 aluminum is most TAGSAM-like (but complicates inorganic
analyses)
• pure silicon is easiest to distribute (but is dissimilar to TAGSAM)
• zeolite may be most RQ36-like (but could contaminate the sample).

SOME FLIGHT WITNESSES CONCEPTS
Holder with wire grid

50 Aluminum disks

Scored silicon wafer

Coiled aluminum wire
with nicks

50 pieces gives one for each analytical science question while archiving 75%

TAGSAM WITNESS PLATE DESIGN
a. All exposure after final cleaning through just prior to, but not including,
TAGSAM sample collection
b. All exposure following, but not including, TAGSAM sample collection
c. All exposure from final cleaning onward, not including the sample
particulates > 10 µm (TBR)
TAG - 271 days

Launch

TAG + 9 days
Sapphire witness coupon
1.27 cm dia

c

Gold foil witness coupon
1.27 cm dia

a
3.3 cm

a
7.6 cm

Launch configuration
A witness exposed
C witness exposed

TAGSAM extracted
from launch container
A witness closed
C witness still exposed

SRC stowage
A witness still closed
B witness exposed
C witness still exposed

b

SRC WITNESS PLATES

The canister “above” the TAGSAM head is
aluminum (light blue area), and is available for
(passive) witness plates.

DOCUMENT CONTAMINATION DURING
CRUISE
S/C lose volatiles during cruise (mostly H2O but also
hydrocarbons)
• These volatiles may photolyze to new species
• Distinguish between sample and s/c outgassing
• We will use witnesses to record this contamination
Braycote lubricant
F−(CF(CF3)−CF2−O)n−CF2CF3

6 years after launch of Rosetta

IN SITU LEVEL 3 REQUIREMENTS
6. The Flight System shall provide a ≥1 g sample of all organic and
inorganic materials containing C, K, Ni, Nd, Pb, Sn that come into
physical contact with the sample, TAGSAM head, TAGSAM launch
container interior, SRC canister interior, or witness material after
their final cleaning to the curation facility at JSC for archive. All
materials will be identical to materials used on the flight hardware
(item, type, model, lot number).
7. The Flight System or Instruments shall provide a ≥1 g sample of
all spacecraft organic materials and inorganic materials
containing C, K, Ni, Nd, Pb, Sn which can mobilize to the sample,
TAGSAM, TAGSAM launch container interior, SRC canister interior,
or witness material after final cleaning to the curation facility at
JSC for archive. All materials will be identical to materials used on
the flight hardware (item, type, model, lot number).

STARDUST LESSON
• To the surprise of many, a mold release compound was used to un-mold aerogel
after manufacture. The substance used was called Synlube 100. Some of this
material was archived. The material is similar to brake fluid.
• No studies were made on what Synlube 100 does during aerogel
bake-out, etc.
• Getting information on what is in Synlube 100 was difficult
– The material, when it was purchased, was called Synlube 100
– The company changed ownership
– All records were lost to arson
– The various products’ rights were sold to other companies
(and possibly the changed their formulations)
– The owner of the original company when interviewed has a suspicion
that Synlube 1000, now sold by SYNAIR may be an equivalent
• As a result the Stardust Organics PET spent significant time analyzing
Synlube 100 samples and Synlube 1000 (they are probably the same)

• It remains unclear to what extent Synlube affected the aerogel
(hydrophobicity, fluorescence, organic load)

IN SITU LEVEL 3 REQUIREMENTS
8. No solder shall be exposed to direct line of sight with TAGSAM,
TAGSAM launch container interior, SRC canister interior, or any
witness material.
9. Archive samples shall be no smaller than 1 g with the following
exceptions:
a. Propellant and catalyst bed sufficient to perform thruster
firing tests 4 times.
b. The witness materials described in 4a
c. Materials which are < 1 g total mass on the spacecraft
d. Major TAGSAM construction materials shall be ≥200g
e. Materials in line of sight may be exempted via a waiver.
All materials will be identical to materials used on the flight
hardware (item, type, model, lot number).

OTHER WORK
• Trade being investigated between Payload Hazardous Servicing
Facility (PHSF) at KSC and on the private Astrotech facility

• Organization of CC documentation and draft of flight system
documents
• Communication with instrument teams
• Launch Services Interface Requirements
• Does CC documentation require active monitoring on S/C?
• Preliminary analysis of an aluminum alloy by LA-ICP-MS
• ATLO witness and monitoring requirements

CONCERNS AND FUTURE WORK
• A witness plate in the SRC for determining cosmic ray spallation
products of the SRC.

• Is 180ng/cm2 for C is the right number?
• How much contamination control and knowledge monitoring
during ATLO is necessary?
• Can inorganic requirements be verified without requiring
additional analyses? (e.g. by particle counts and residue mass)

• How to insure that CC analyses will not cause ATLO schedule
delays?

