Distributed Sensor Networks for Monitoring Methane Leaks near Abandoned
Wells

1 1

By: Monica Marot Frimann Andresenl, Jaskaran Singh Malhotra~, Simon lvar Andersen

Methane emissions from offshore oil and gas operations have emerged as a critical concern in
addressing climate change. Once abandoned, offshore wells can remain as long-term leak points,
releasing methane directly into surrounding waters and the atmosphere.[1] Regulators worldwide
are placing increasing emphasis on responsible well abandonment and long-term monitoring
strategies. Achieving this requires safely sealing and continuously monitoring wells for methane
leaks over extended timescales.

Conventional monitoring methods such as satellite-based remote sensing or laboratory analysis
of water samples provide valuable regional assessments but lack the spatial resolution and
continuity needed to detect small, chronic emissions.[2] Localized leaks often go unnoticed when
sampling is intermittent or averaged across wide areas. The key challenge is to develop sensor
systems capable of covering large spatial regions around well sites and deliver continuous,
geolocated data for rapid operator and regulator response.

Optical fibers provide a promising route toward such distributed systems. Widely used
in telecommunications due to their ability to transmit light with minimal loss (~0.2 dB/km),[3]
they already span over 1.5 million kilometres of seafloor.[4] Their low attenuation arises from total
internal reflection, where light traveling in the fiber core is reflected at the boundary with the
lower-index cladding. Certain optical fibers, such as fiber Bragg gratings (FBGs) can also serve as
sensors. An FBG consists of a periodic modulation of refractive index in the fiber core, which
reflects a narrow wavelength band of light, based on the spacing of the grating and shifts when
the fiber is strained. Using this principle, FBGs have been demonstrated as chemical and
biochemical sensors.[5], [6]

The sensitivity and selectivity of FBG-based sensors can be significantly enhanced by coating them
with special adsorbent materials that can capture methane from water. Recently, porous materials
such as metal-organic frameworks (MOFs) have demonstrated sensing capability for dissolved
methane in water sources upon incorporation into a quartz crystal microbalance reaching a
detection limit near 100 parts-per-billion.[7] While highly effective at their deployment site (as a
point source sensor), they lack the ability to cover the large spatial regions essential for
comprehensive offshore monitoring near abandoned wells.

An FBG functionalized with a methane-selective MOF would, in principle, undergo a detectable
strain upon capturing methane. A key advantage with a fiber-based sensing platforms is that
multiple FBGs can be inscribed along a single optical fiber, each providing distinguishable geo-
specified strain signals through multiplexing.[8] This approach leverages the selectivity of MOFs
with the sensitivity and precise geolocation of optical signals on a fiber with multiple FBGs, thus
creating a distributed sensing platform capable of monitoring large areas with a single optical fiber.

We are currently developing MOF-coated fiber-based sensors that can detect methane across
multiple spatial locations along a single fiber. Such a system would deliver both sensitivity and
spatial coverage, enabling detection and localization of methane leaks near abandoned wells
(Figure 1). Deploying arrays of these fibers around vulnerable sites could give offshore operators
and regulators a powerful tool for early detection, precise localization, and effective mitigation of
methane emissions.
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Figure 1: A) MOF-coated unstrained fiber undergoes a shift in reflected wavelength as the capture of methane
molecules in the MOF puts a strain on the FBG. B) Depiction of a fiber-based distributed sensor network for
monitoring methane leaks at the seabed near an abandoned well with multiple sensing units along the fiber.
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