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A structurally complex and overexploited aquifer system
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Notas del ponente
Notas de la presentación
The Case of Mexico City: Extraction from deep lacustrine sediments and volcanic aquifers.
The Overlooked Variable: While we monitor for arsenic, fluoride, and bacteria, dissolved gases are rarely part of standard water quality protocols.
The Premise: Deep extraction brings ancient, biogenic methane to the surface, introducing industrial hazards into domestic settings.



The Urban Water Crisis & Deep Extraction

Mexico City Water Supply Sources (Operational Average, 2025-2026) \
Total Supply: ~31.5 m3/s \ .

Lerma System (Imported Wells)
13% - 4.0 m%/s

PAI Wells (Emergency)
5% - 0.7 m%/s

Springs & Rivers (Local Surface)
10% - 1.5 m¥%/s

Local Wells (Aquifer)
45% - 12.0 m¥/s

Cutzamala System (Surface Water)
27% - 9.0 m¥/s

W Groundwater (Methanogenic Potential) . Surface Water

We focused on five wells preselected in collaboration with Mexico city
water operator (SACMEX)




Measurement locations within the wells Well casing

Well annulus

Our measurement platform



Adapted methods to measure CH; an CO, used l
in the groundwater wells

» Direct Well Casing Emissions
» Down-well methane concentration profiles up to 40 m depth

« Well Annulus Emissions trough an adapted skirt chamber method
(Thalasso0,2023).

« Dissolved gas (CH,, CO,) in groundwater through headspace
equilibration method.

« (Gas origin and composition (gas chromatography)




Results
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Figure 1. Vertical Profiles of CH, Southeast-
A well (A) and East -A well (B)
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Figure 2. Vertical Profiles of CH,, CO,, and CH,/CO, ratio versus
Depth in the North B well.




Methane Concentration (g/m?)

Detected Dissolved Methane Concentrations vs. Safety Thresholds
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THE “CHAMPAGNE EFFECT": SUPERSATURATION & RELEASE

AQUIFER PRESSURE (High) PURIFICATION PLANT ATMOSPHERIC PRESSURE (Low)
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@Chemical Characterization & Gas Origin

GAS COMPOSITION OF SOUTHEAST-A WELL
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Methane (CH,) Ethane (C,yHg) C,+ Alkanes
ORIGIN OF CH,: BIOGENIC VS. THERMOGENIC
BIOGENIC ORIGIN (Supported by Data) THERMOGENIC ORIGIN (Ruled Out)

Methanogenic
Archaea
Decomposition of organic matter in lacustrine sediments. Deep subsurface processes.

Dominant CH,, negligible C,,. Contains significant Ethane & higher alkanes.
CONCLUSION: The dominance of methane and absence of C,-C; alkanes strongly suggests a biogenic origin for the gas.



Notas del ponente
Notas de la presentación
1. Predominant Composition

High concentrations of Methane (CH4 observed (peaking at 9.7% vol. in well Southeast-A).
Absence or negligible traces of Ethane and higher alkanes (C2 - C5).

2. Confirmation of Biogenic Origin

The lack of heavier hydrocarbon chains rules out thermogenic sources (such as Natural Gas or LPG leaks).
Results confirm the gas is produced by microbial activity (methanogenic archaea) within the deep lacustrine sediments.

3. Unidentified Compounds

Significant chromatographic peaks were detected for unidentified compounds (likely non-alkane VOCs with molecular weights >C3 in most monitored wells.



Detector Signal (Arbitrary Units)

PR

STYLIZED GAS CHROMATOGRAM
(General Pattern for Most Wells)

Methane (CH4)

Dominant Peak
(e.g., ~9.7% in Southeast-A)

Unidentified
Non-Alkane VOCs (>C3)

. Significant peaks in all wells
Expected Region for Ethane (C2) except Southeast-A
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INTERPRETATION: The chromatogram shows methane dominance and the lack of thermogenic alkanes (C2-C3).
The later peaks indicate the presence of other, heavier organic compounds of unknown identity.




Final Remarks

1. Methane Presence & Risk:
* Methane (CH,) is confirmed in some CDMX potable water wells.

« East-A & Southeast-A show concerning levels. Southeast-A has CH, concentrations exceeding the
lower explosive limit within the well.

« Dissolved CH, in both wells surpasses safe thresholds, posing risks to downstream treatment units.

* North-A requires further study due to significant well-annulus emissions and incomplete data.
2. Mitigation & Recovery Potential:

» High emission levels in Southeast-A & East-A wells suggest a need for recovery or mitigation.

» Potential methane recovery is estimated at 12.4 kg/h and 5.4-8.8 kg/h respectively.
3. Methane Origin & Composition:

« Absence of ethane and C3-C5 alkanes points to a biogenic origin (microbial).

« Unknown organic compounds were detected in several wells, necessitating detailed GC-MS analysis.
4. Systemic Action & Further Study:

« Systematize risk assessment for CH, in wells using rapid detection methods (concentration profiles,
routine dissolved CH, analysis).

« High CO, in North-A,B suggests subsurface microbial activity; a focused water quality study on
biological processes is recommended.



Acknowledgments

C i nveStav SISTEMA DE AGUAS DE LA CIUDAD DE MEXICO

David Flores

Francisco Silva Olmedo
Victor Gonzalez Zayas
Frédéric Thalasso

Pablo Morales-Rico
pablo.moralesr@cinvestav.mx



mailto:pablo.moralesr@cinvestav.mx

References

Aguilar-Velazquez, M.J. et al. (2025) “Interplay of slow-slip faults beneath Mexico City induces intense seismicity over
months,” Tectonophysics, 902, p. 230659. Available at: https://doi.org/10.1016/|.tect0.2025.230659.

Eltschlager, K.K. et al. (2001) Technical Measures for the Investigation and Mitigation of Fugitive Methane Hazards in Areas
of Coal Mining. PB2002106133. Office of Surface Mining Reclamation and Enforcement (Dl), Pittsburgh, PA. Available at:
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB2002106133.xhtml (Accessed: May 14, 2025).

Heinze, B.M. et al. (2025) “Microbial oxidation significantly reduces methane export from global groundwaters,” Proceedings
of the National Academy of Sciences, 122(42), p. e2508773122. Available at: htips://doi.org/10.1073/pnas.2508773122.

Kulongoski, J.T. et al. (2018) “Origin of Methane and Sources of High Concentrations in Los Angeles Groundwater,” Journal
of Geophysical Research: Biogeosciences, 123(3), pp. 818-831. Available at: https://doi.org/10.1002/2017JG004026.

Maglaya, R.C., Sadat-Noori, M. and Andersen, M.S. (2025) “Groundwater Discharge: A Major Driver of Global Methane
Emissions from Aquatic Environments,” Earth Systems and Environment [Preprint]. Available at:
https://doi.org/10.1007/s41748-025-00788-8.

Thalasso, F. et al. (2023) “Technical note: Skirt chamber — an open dynamic method for the rapid and minimally intrusive
measurement of greenhouse gas emissions from peatlands,” Biogeosciences, 20(18), pp. 3737-3749. Available at:
https://doi.org/10.5194/bg-20-3737-2023.



https://doi.org/10.1016/j.tecto.2025.230659
https://doi.org/10.1073/pnas.2508773122
https://doi.org/10.1002/2017JG004026
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.1007/s41748-025-00788-8
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023
https://doi.org/10.5194/bg-20-3737-2023

Thank You

Global South Academic Conclave on WASH and Climate 2026

: CEPT .
(C:RVVDéSCEPT UNIN/ERSITY Gates F()undaﬁon Vlega foundation

FFFFFFF
NNNNNNNNNN



	Número de diapositiva 1
	A structurally complex and overexploited aquifer system
	The Urban Water Crisis & Deep Extraction
	Measurement locations within the wells
	Adapted methods to measure CH4 an CO2 used in the groundwater wells
	Results
	Número de diapositiva 7
	Número de diapositiva 8
	Chemical Characterization & Gas Origin
	Número de diapositiva 10
	Final Remarks
	Acknowledgments
	References
	Número de diapositiva 14

