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Trigged Sampling

By providing real-time chemical data, the underwater mass spectrometer (UMS) system
enhances opportunities for discrete sample collection upon detection of target analytes. The sniffing
system, operated and sold by Beaver Creek Analytical (BCA), can be precisely timed to ensure accurate
mapping using fast-moving platforms. This precise timing also allows for the redirection of the most
relevant water samples from UMS effluent into collection vessels. The novel BCA subsea stream
selector, used for calibrating the UMS, can also be employed on the outflow to achieve this redirection
to take discrete water samples for further on board analysis. This method can target the most intense
concentration transients, allowing for optimal use of shipboard or laboratory-based measurements and
informing the laboratory operational decision-tree.
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Figure 1. Intense and transient data captured by a discrete sampling cannister where sampling trigger was informed by
membrane inlet mass spectrometer real-time atmospheric data (credit: AERL)

As demonstrated by our previous work with Davey et al, 20202, this approach captures
momentary and transient data that would otherwise be missed in highly transient and turbulent
environments. The sampling trigger may be a completely automated system using real-time results or
rely on human-in-the-loop sampling decision; Hwang et al, offers a review of such methods including the
use of a UMS2. Further, sampling decision may rely on predetermined time of day or location-based
triggers or be completely opportunistic**. Perhaps the most useful aspect of this approach is that the
UMS can simultaneously produce chemical gradient maps of the area that provide critical context. This
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data can be used to provide unambiguous context for each sample to ensure the origin of the sample is
known, for example, bubble ebullition.

Figure 2. Towed system for tracking hydrocarbon signatures released from the Deepwater Horizon oil spill. The system used
real-time data from an underwater mass spectrometer (among other sensors) to inform the timing for triggering the discrete
Niskin samplers. (2010)

Discrete Sample Collection

BCA's system collects samples that are (30-500 mL) from the UMS outlet are collected in gas-
tight and pressure compensated bags or syringes, guaranteeing lossless collection despite significant
changes in temperature and pressure. Furthermore, immediate in situ preservation of samples prevents
oxidation by omnipresent methanotrophs and simplifies transport by minimizing refrigeration needs.

Figure 3. Shipboard dissolved gas analysis system

BCA offers shipboard compositional analysis via gas chromatography® and shipboard isotopic
analysis by cavity ring down spectroscopy. Our standard shipboard isotopic instrumentation offers 613C
for CH, and CO; along with the contextual data collected in situ, we offer a complete dataset with cross-
checked results that can be related directly to the source feature. Further, we are actively working on
systems capable of 2H in CH4 and §13C in C;Hg isotopic results, pushing the envelope even further on
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unambiguous for geochemical conclusions. All together, we provide real-time and near-real time results
that have the potential to save tens of thousands of dollars in ship-time through the use adaptive
sampling to avoid null replicates and focus on the most meaningful sites.

Figure 4. Ship-capable cavity ring down and gas chromograph systems for the isotopic and compositional analysis of dissolved
gas hydrocarbons.

Additionally, samples can be sent to ISO/IEC 17025 accredited laboratories for comprehensive
and legally defensible analysis. As they are preserved in situ, the samples can be refrigerated and
shipped in cooler with no additional sample handling — a key failure point in many operations. Having
associated UMS data will help inform the laboratory’s decision making during the pre-analysis process
and prevent wasting both sample and time.

Data Product

Through detailed analysis of hydrocarbon isotopic and compositional ratios, the origins of hydrocarbons
can be categorized by comparison to published literature®®—potentially providing clear indications of a
seep's source as either biogenic or thermogenic (or abiotic). The sampling method described above
employs informed triggers and in situ mapping, allowing these results to be positively linked to specific
seep sites. Consequently, the findings can be utilized for assessments of the underlying source reservoir
and derisking infrastructure planning projects.
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Figure 5. Categorization of hydrocarbon origins through isotopic and compositional ratios. Simulated example data.

References

(1) Davey, N. G.; Bell, R. J.; Gill, C. G.; Krogh, E. T. Mapping the Geospatial Distribution of Atmospheric
BTEX Compounds Using Portable Mass Spectrometry and Adaptive Whole Air Sampling.
Atmospheric Pollut. Res. 2020, 11 (3), 545-553. https://doi.org/10.1016/j.apr.2019.12.003.

(2) Hwang, J.; Bose, N.; Fan, S. AUV Adaptive Sampling Methods: A Review. Appl. Sci. 2019, 9 (15), 3145.
https://doi.org/10.3390/app9153145.

(3) Das, J.; Py, F.; Harvey, J. B. J.; Ryan, J. P.; Gellene, A.; Graham, R.; Caron, D. A.; Rajan, K.; Sukhatme,
G. S. Data-Driven Robotic Sampling for Marine Ecosystem Monitoring. Int. J. Robot. Res. 2015, 34
(12), 1435-1452. https://doi.org/10.1177/0278364915587723.

(4) Gomez-lbanez, D.; Kukulya, A. L.; Belani, A.; Conmy, R. N.; Sundaravadivelu, D.; DiPinto, L.
Autonomous Water Sampler for Qil Spill Response. J. Mar. Sci. Eng. 2022, 10 (4), 526.
https://doi.org/10.3390/jmse10040526.

(5) Schliter, M.; Gentz, T. Application of Membrane Inlet Mass Spectrometry for Online and in Situ
Analysis of Methane in Aquatic Environments. J. Am. Soc. Mass Spectrom. 2008, 19 (10), 1395-1402.
https://doi.org/10.1016/j.jasms.2008.07.021.

(6) Whiticar, M. J. Carbon and Hydrogen Isotope Systematics of Bacterial Formation and Oxidation of
Methane. Chem. Geol. 1999, 161 (1), 291-314. https://doi.org/10.1016/5S0009-2541(99)00092-3.

(7) Tazaz, A. M.; Bebout, B. M.; Kelley, C. A.; Poole, J.; Chanton, J. P. Redefining the Isotopic Boundaries
of Biogenic Methane: Methane from Endoevaporites. Icarus 2013, 224 (2), 268-275.
https://doi.org/10.1016/j.icarus.2012.06.008.

(8) Milkov, A. V.; Etiope, G. Revised Genetic Diagrams for Natural Gases Based on a Global Dataset of
>20,000 Samples. Org. Geochem. 2018, 125, 109-120.
https://doi.org/10.1016/j.orggeochem.2018.09.002.

716 S Carr Ave. 5 of 5 pages T: +1 (720) 316-7244
Lafayette, CO, 80026 sales@bcanalytical.com



