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Introduction: In February 2022, the pristine lunar
regolith core sample 73001 was successfully opened for
analysis, 50 years after its collection during the Apollo
17 mission [1]. It is the lower part of a double drive-tube
core (73001/73002) [2], taken at station 3 in the Taurus
Littrow Valley [3]. It was sealed in a Core Sample
Vacuum Container (CSVC) directly after its collection
[4], and has since been stored in an Outer Vacuum
Container (OVC) evacuated to ~6x10- mbar [5].

Its collection depth (up to 70 cm), its low estimated
temperature at collection (~250K [6]), and its storage
under vacuum, make the 73001 core sample a prime
candidate to still contain gaseous volatiles. A main
objective for the analysis of this sample is therefore to
investigate the presence and nature of those trapped
gases. This work has been undertaken by the
Consortium for the Advanced Analysis of Apollo
Samples (CAAAS), as part of the ANGSA initiative.

The extraction of gases from CSVC 73001 is a novel
operation. It required the development of custom
hardware, in the form of a piercing tool for opening the
CSVC, and of a gas extraction manifold [7] for the
collection of the released gases. Herein, we propose to
review the final implementation of the piercing tool
successfully used to puncture the 73001 CSVC.

Figure 1: Pi‘ercing tool connected to gas extraction
manifold during gas extraction campaign.

The points discussed include the final construction
of the piercing tool, the steps taken to qualify it for use,
and an assessment of its performance. Lessons learned
from this work can help to improve the design and use
of future sampling, storage and extraction tools.

Piercing tool design: The CSVC piercing tool
(Figure 1) is an Ultra High Vacuum (UHV) compliant
vacuum chamber, with a stainless steel piercing tip
mounted to a bellows based linear feedthrough. A
custom holder positions the CSVC within the vacuum
chamber. An actuation mechanism around the chamber
allows the piercing motion to be controlled manually.

Prior to operations, the CSVC is first assembled
with the holder, which is then introduced into the
vacuum chamber. This is done in a glovebox under inert
atmosphere. Once the vacuum chamber is sealed, it is
removed from the glovebox and assembled with the
actuation mechanism and the gas extraction manifold.
The chamber is evacuated to the desired pressure (~108
mbar), and piercing is conducted by driving the stainless
steel tip into the bottom face of the CSVC. This opens a
hole to release the trapped gases into the manifold.

Testing & Qualification: To minimize the risk of
sample contamination, the 73001 CSVC had to remain
safely stored in its OVC until the gas extraction
campaign. Therefore, the hardware had to be built and
validated without access to the CSVC for inspection,
measurement or testing. This left a number of unknowns
that had to be factored into the design process, such as:

The exact dimensions of the CSVC: Dimensions
were derived from engineering drawings [8] and from
archived photographs. Notably the length of the CSVC
(~385 mm), its diameter (~50.2 mm), and its wall
thickness (0.38-0.64 mm) could only be estimated.

The position of the core sample within the CSVC:
Analysis of engineering drawings indicated that the
bottom of the core sample tube (covered by a PTFE cap)
could be in direct contact with the wall to be pierced, or
a gap of up to 3.3 mm could exist.

The pressure within the CSVC: Since the
performance of the CSVC seal is unknown, its internal
pressure could vary from ~10° mbar (i.e. atmospheric
pressure) and ~1012 mbar (i.e. lunar vacuum).
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The interaction of the piercing tip with the CSVC:
Although the build material of the CSVC is known
(304L stainless steel), its properties may have been
altered by ageing and/or exposure to the lunar
environment.

To qualify the piercing device for use, extensive
testing was conducted using custom built mock-ups of
the CSVC and the drive tube. The tests assessed the
piercing performance over a range of scenarios,
including variations in CSVC base wall thickness,
simulated CSVC residual pressure, piercing tip shape
and length, and drive tube position within the CSVC. By
using a 45° slanted piercing tip with a penetration depth
of 4.9 mm, it was demonstrated that the CSVC mock-
ups could be pierced reliably across the varied scenarios
considered, without penetrating the PTFE cap of the
drive tube, shedding material, or inducing leaks into the
system under UHV.

Outcome and key learnings: The piercing tool was
successfully used in conjunction with the gas extraction
manifold to process CSVC 73001 in February 2022 [1].
As intended, the tool produced an opening in the bottom
wall of the CSVC, without puncturing the PTFE cap
protecting the underlying sample (Figures 2 & 3). A
total of 9 gas samples were collected for further analysis
at different stages of the extraction process, from the gas
contained in the OVC to the gas evacuated from the
pierced CSVC over several days. The observations
made during the gas extraction campaign could indicate
that the CSVC had leaked and equilibrated with the
OVC, while the OVC remained leak-free. It is thus
believed that the sampled gases could contain a mixture
of lunar gases and residual N2 from the OVC. The
upcoming detailed analysis of the gases will allow to
confirm this hypothesis.

The piercing tool met the main science and curation
requirements, with several lessons learned and
suggested points of improvement noted (e.g., ease of
handling, evacuation speed). Some limitations of the
tool can be traced to the CSVC design and/or unknowns
in not being able to inspect it in advance. For example,
a large volume for the piercing tool main chamber was
required to make the system resilient to potential
discrepancies between the written records and the actual
CSVC dimensions This in turn lowered evacuation
performances.

To improve the design and interoperability of future
sampling tools, sample containers and sample
processing systems, recommendations can be derived
from this work:

Downwards compatibility of future tools: should be
enhanced by design, by assessing and anticipating non-
nominal uses of the hardware early in the development
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process. Possible improvements include a high level of
standardization and redundancy around system
interfaces (i.e., mechanical, pneumatic, electronic)

Advanced information on individual parts
(dimensions, material properties, etc.): should be
collected, curated and regularly updated, to enable more
efficient design and better integration of new tools with
legacy hardware. By leveraging modern technologies,
digital twins of all manufactured flight hardware could
for instance be produced.

Physical replicas of critical hardware: should be
manufactured and curated, to further enhance future
integration  capabilities, especially by allowing
hardware in the loop testing for qualification.

Figure 3: XCT scan of CSVC 73001 after piercing.
Credit: S. Eckley and R.A. Zeigler.
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