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DESCRIPTION

Description

Cross-Reference to Related Applications

[0001] This application claims priority to United States Provisional Patent Application No.
62/851,193.

Field of the invention

[0002] The present invention relates to analyzing fluid samples in bodies of fluid and more
specifically to finding and sampling hydrocarbons from seeps in water or from artificial sources
of water.

Background of the invention

[0003] The present invention relates to systems and methods for finding and sampling
hydrocarbons from seeps in water or from artificial sources of water. In one example, the
present invention related to a method for in situ analyzing fluid samples in a body of water. The
method is especially useful for finding hydrocarbons and associated non-hydrocarbons from
seeps in water. Such seeps may come from natural sources in deep water, possibly as deep as
3000 m or even more. Geochemical samples obtained from natural or artificial seeps address
one of the key exploration risks faced in frontier and emerging basins by providing information
about the origin, alteration and maturity of any hydrocarbons found.

[0004] Water from natural or artificial seeps provide an opportunity to determine the existence,
quality and diversity of working petroleum systems in a basin before drilling. For instance, in
deep water, surface mounted echo-sounders lack the sensitivity to detect a potentially large
class of active seepage that fall below a mass flux threshold. This situation is unlikely to
change given growing prohibitions on signal levels in many jurisdictions that are designed to
protect marine life as well as physical limitations of existing materials.

[0005] Prior art systems designed to detect and/or measure hydrocarbons from seeps in water
are, for instance, known from the following documents.

[0006] CA 2 853 297 discloses a method for determining a presence, type, quality and/or
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volume of a subsurface hydrocarbon accumulation from a sample related thereto. The method
may include determining a noble gas signature of a sample and at least one or more of
determining a clumped isotope signature of the sample and characterizing the ecology
signature of the sample. Then, the method integrates signatures to determine information
about the subsurface accumulation, such as the location, fluid type and quality, and volume of
a subsurface hydrocarbon accumulation.

[0007] CN102288719 discloses a system for detecting the methane concentration of seawater
in situ. In the system, bottom seawater in a measuring line enters a reducing valve through a
filter, so that the pressure of the seawater is lowered to normal pressure. Normal-pressure
sample water flows into a gas-liquid separating device after being adjusted by a flow valve. A
seawater sample is separated into sample water and sample gas by the gas-liquid separating
device. The sample water is collected by a sample water collector. Excessive sample water
flows into a waste water compressive cabin. The sample gas is collected by an automatic
sample valve, and is conveyed into a gaseous hydrocarbon detection device for testing. The
excessive sample gas is emptied, and is adsorbed by chemical adsorption equipment. The
sample gas enters the gaseous hydrocarbon detection device. Target gas undergoes a
reduction oxidation reaction through a high-sensitivity gas element to generate an electric
signal, and the electric signal is transmitted to a Personal Computer on a boat to realize data
display. The system detects the methane concentration of a seabed in situ.

[0008] WO2018/186738 relates to a sensor arrangement for underwater detection of a leak in
a fluid carrying body. A sensor support structure is mountable to a carrier for enabling the
sensor support structure to be suitably positioned or moved. A plurality of thermal sensors is
distributed on the sensor support structure forming a sensor array. The sensors are provided
by optical fibers connectable to an interrogator via optical signal connectors. Each fiber
comprises intrinsic fiber optic sensors at respective locations within the fiber, forming the
thermal sensors. The fibers are arranged on the support structure such that the intrinsic fiber
optic sensors is distributed across the support structure to span a detection area. This
document further relates to a method of performing leak detection as well as for discovering
natural occurring leaks.

[0009] US9,146,225 and US9,612,231 disclose methods for detecting hydrocarbons with an
hydrocarbon measurement module equipped with one or more measurement components is
described. The method includes navigating the UV within the body of water and monitoring the
body of water with measurement components associated with the UV to collect measurement
data. The collected data from the UV is used to determine whether hydrocarbons are present
at the location.

[0010] WO 2016/157121 A1 discloses an instrument module comprising an underwater
quadropole mass spectrometer for analysing light hydrocarbons and a pumping system

equipped with peristaltic pumps.

[0011] WO2013/071187 discloses a method for determining a presence, type, quality and/or
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volume of a subsurface hydrocarbon accumulation from a sample related thereto. The method
may include determining a noble gas signature of a sample and at least one or more of
determining a clumped isotope signature of the sample and characterizing the ecology
signature of the sample. Then, the method integrates signatures to determine information
about the subsurface accumulation, such as the location, fluid type and quality, and volume of
a subsurface hydrocarbon accumulation.

Summary of the invention

[0012] Disclosed are systems and methods for hydrocarbon measurements. The invention is
defined in device claim 1 and calibration method 11. The dependent claims disclose further
embodiments of the invention.

[0013] The hydrocarbon measurement system, in use, can be deployed close to the seafloor
where it can be calibrated under in-situ conditions. In one embodiment, a delay coil enables
further samples to be taken from the same or proximate location to where an interesting
amount of hydrocarbons was detected without having to return to that location

[0014] Also disclosed is an underwater vehicle comprising a hydrocarbon measurement
system. The underwater vehicle can include a hydrocarbon measurement system configured
to combine an acoustic and geochemical approach and, therefore, possessing a very high
sensitivity to seepage in conjunction with the capability to take quality controlled samples from
sectors of a plume measured to have the highest concentrations.

Brief description of the drawings

[0015] Further features and advantages of the invention will become apparent from the
description of the invention by way of non-limiting and non-exclusive embodiments. These
embodiments are not to be construed as limiting the scope of protection. The person skilled in
the art will realize that other alternatives and equivalent embodiments of the invention can be
conceived and reduced to practice without departing from the scope of the present invention.
Embodiments of the invention will be described with reference to the figures of the
accompanying drawings, in which like or same reference symbols denote like, same or
corresponding parts, and in which:

FIGs. 1A-1C show several schematic pictures of hydrocarbon plumes in water above a seep in
the bottom, in accordance with an example embodiment;

FIG 2 shows a schematic view of the total system setup, in accordance with an example
embodiment;

FIG. 3 shows a block scheme of a hydrocarbon measurement system, in accordance with an
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example embodiment; and

FIG. 4A-E show a flow diagram of example methods of calibration, in accordance with an
example embodiment;

FIGs. 5 shows a flow diagram of analyzing fluid samples, in accordance with an example
embodiment; and

FIG. 6 show a block diagram of an example system, in accordance with an example
embodiment.

Detailed Description

[0016] The present invention will now be described with reference to several embodiments.
Reference will be made to an application in seawater. However, the equipment is equally
applicable in other waters than seawater, such as rivers and lakes, and in other waters than
from natural sources, like man made sources such as infrastructures leaks.

Anatomy of seeps in deep water

[0017] The systems and methods described below can locate, quantify and sample dissolved
hydrocarbons from deep water active vents that are not visible from the surface. In one
example, each sample meets or exceeds a user defined threshold of quality based on
concentrations of light hydrocarbons required to determine thermal maturity, mixing and
alteration. Active hydrocarbon vents constitute the epicenter of natural seeps and finding them
provides access to the clearest signals of hydrocarbon maturity, origin and quality.

[0018] In some embodiments, gas is used as a proxy for finding oil. The quantitative analysis
and data presented in FIGs. 1A-C shows this in more detail. These FIGs. show the
geochemical and physical footprint of a seep after leaving the mud-line. The migrating
hydrocarbons can create a signature in the water column observable both acoustically and
geochemically. The systems and methods that are explained in detail below with reference to
FIGs. 2-3 may use both approaches to locate, quantify the hydrocarbon content and take a
sample that, preferably, meets a user definable quality threshold.

[0019] The term "certified solution of hydrocarbons" will be used in the description to refer to a
known or reference solution of hydrocarbons. These terms will be interchangeable.

[0020] The term "in situ,” is defined as collecting and analysing fluid samples within the body of
water. Samples may be collected by a subsurface vehicle, for example, by a manned or
unmanned underwater vehicle. The samples may be analyses in the subsurface vehicle or on
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a surface vessel through a continuous line from the subsurface.

[0021] FIG. 1A shows a schematic picture of an example of a dissolved hydrocarbon plume in
the water column. It originates from upward migrating bubbles and droplets and is invisible to
the eye. It can be detected by analytical instruments, for example, a mass spectrometer,
Raman spectroscopy, isotopes probes, and/or a fluorometer contained within the system of the
present invention. The insoluble components that form the surface slick are also observable by
radar.

[0022] FIG. 1B shows a map view of an example dissolved hydrocarbon plume at 10m above
the seafloor. In this example, the area for which isotopes or C2+ (i.e., hydrocarbon molecules
with more than 2 C atoms) can be detected from samples brought to the laboratory is 0.3% of
the vast area over which only methane may be observed. This underscores the desire to be
able to properly position the system components before sampling.

[0023] FIG. 1C shows an acoustic image in the water column as produced by using a high
frequency forward looking M3 sonar that followed a bubble cloud in a real world environment
from the seafloor until it was no longer visible.

[0024] In some embodiments, seeping oil can migrate from the subsurface and can separate
into liquid and gas phases due to the lower pressure at the seafloor, as compared to the
reservoir. The acoustic and geochemical instruments are capable of measuring the gas
content of the gas phase. Field observations and physics suggest that slicks are associated
with bubble clouds within the water column and that the gas provides the buoyancy that focus
the initial pooling of oil on the surface before subsequent spreading by currents.

[0025] The system of the present invention is designed to locate, characterize and sample
migrating hydrocarbons in deep water and filling some of these gaps. To more fully appreciate
the value proposition of the present system a quantitative picture of the fate of hydrocarbons in
the water column is presented here. Key properties of seeps within the water column are:

« The geochemical signal is strongest at the seafloor and decreases rapidly with height
from the mud-line until the soluble material in the droplets and bubbles dissolve. In
Figure 1a, it is quite clear why controlled access to the seafloor would open up the
opportunity to a much higher signal quality. First however, one needs to locate these
vents. The system described here can do this both geochemically or acoustically.

« The dissolved hydrocarbons are dominated in concentration by methane, ethane,
propane, butane and pentane (C1-C5). Their relative concentrations and the
abundances of the stable isotopes of carbon and hydrogen within them provide maximal
information on origin, mixing and alteration of the migrating hydrocarbons. In figure 1b
one can see the huge challenge in locating samples containing C2+ or isotopic
abundance. Since the plume is time dependent the ability to quickly map it and locate
the most prospective area dramatically increases the chances of providing information
about C2+ and isotopes. In figure 1b the ratio of the region where isotopes or C2+ are
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above detection is only about 0.3% of the area where methane is detectable.

« The bubble composition changes slowly with height from the mud-line till complete
dissolution. In some examples, samples are taken at the mud-line for a more accurate
measurement of molar ratios. Moreover, it is arranged to perform in-situ measurements
which offers a great advantage because samples collected at the seafloor lose a great
deal of material due to the drop in pressure during transit to the surface.

= In the shown example, the bubble/droplet cloud is a few meters wide and towers over
the entire water column save for the last 400 meters before the surface. Figure 1c
presents an acoustic image taken from a high frequency sonar which shows the
individual scatters. For a constant mass flux, active vents become more difficult to see
from the surface with increasing depth. This is due to both the increased density of the
gas which implies fewer bubbles, and the greater attenuation of the acoustic beams due
to increased travel distances. The geochemical signal at the seafloor however remains
within the same order of magnitude notwithstanding the fewer number of bubbles due to
the increased solubility of gas with pressure. For example, in a water column of 3000 m
a seep that was detectable from the surface in a water column of 1000 m could become
invisible from the surface even as the geochemical detection range at the seabed
remains roughly the same. Therefore, in an embodiment, the system as presented here
is provided with one or more suitable acoustic sensors that have high acoustic sensitivity
to the bubble cloud because they can be located in close proximity to the seafloor.

« Surface slicks are also an excellent way to detect active migration within a radius that is
a few multiples of the water depth. However, there is evidence that there are many more
bubble clouds than there are slicks. The physics of the problem also suggest that slick
formation is a function of water depth, ocean currents and surface conditions. Therefore,
the system of the present invention is arranged such that it can quickly locate and
provide preliminary samples from one or more emission points on the seafloor where
there are confirmed slicks or search in regions for which there are indications but no
direct evidence of bubble clouds from the surface.

[0026] By collecting fluid samples from a body of water (e.g., on a continuous basis), the
concentration of a target analyte (e.g., methane, etc.) can be measured and compared to a
threshold concentration (e.g., from background concentrations, etc.). When the measured
concentration exceeds the threshold concentration, the time-ordered retained fluid can be
further analyzed (e.g., to determine another analyte (e.g., C2, C3, etc.). In this example, a
more accurate decision can be made regarding the presence of an active seep and the
likelihood of its connection to reservoired hydrocarbons.

Total system setup

[0027] FIG. 2 illustrates a system for the detection of a seep (e.g. a seafloor, etc.) and
analyzing hydrocarbons present in the seep. The system comprises a survey ship 50 from
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which a remotely operated vehicle 30 can be operated (e.g., via cable 20, wirelessly, etc.). In
some examples, cable 20 can comprise one or more optical fibers for transmission of optical
signals between the survey ship 50 and the remotely operated vehicle 30. In other examples, a
copper wire or any other suitable communication cable may be applied. In other examples,
wireless transmission between survey ship 50 and remotely operated vehicle 30 is possible.

[0028] The remotely operated vehicle 30 can comprise a controller 37 which is connected to a
transceiver 38 that enables communication with the survey ship 50. Coordination between the
on-board elements of the remotely operated vehicle 30 cab be provided via the controller 37.

[0029] The controller 37 can connected to a sonar 34, propulsion equipment 31, memory 36, a
depth sensor 35, a hydrocarbon measurement module 32, and a transponder 39. In some
examples, equipment used in remotely operated vehicles can also be included.

[0030] Controller 37 may be implemented by any suitable computer device known in the art,
for example, as shown in FIG. 7. Memory 36 can store suitable computer programs with
instructions and data configured to be loaded by controller 37 which, by running the programs,
performs functions as explained, below, in greater detail. In some examples, controller 37 may
be one or more computer devices. In some examples, controller 37 may be implemented
within hydrocarbon measurement module 32. In some examples, a portion of controller 37 can
be used to control hydrocarbon measurement module 32 and may be located within
hydrocarbon measurement module 32, while another portion can be implemented within the
remotely operated vehicle 30, but outside of the hydrocarbon measurement module 32.

[0031] The survey vessel 50 is equipped with a controller 45 which, in this embodiment, is
connected to a global positioning system, GPS, 46 and to two transducers 51, 52. In other
embodiments, the survey vessel may comprise only one transducer. In other embodiments,
the survey vessel may comprise more than two transducers. GPS 46 is connected to an
antenna 49 to enable communication with one or more satellites 55. Transducers 51, 52 may
be located on different areas underneath the hull of the vessel 50. Controller 45 may be
implemented by more than one computer device configured to communicate with one another.

[0032] Controller 45 may be implemented by any suitable computer device known in the art,
for example, as shown in FIG. 7. Memory 45 can store suitable computer programs with
instructions and data configured to be loaded by controller 45 which, by running the programs,
performs functions as explained, below, in greater detail. In some examples, controller 37 may
be one or more computer devices. Controller 45 can be connected to one or more devices on
the ship, for example to displaying information or data, including one or more printers and one
or more monitors (not shown).

[0033] In some embodiments, remotely operated vehicle 30 is configured to automatically
determine its position using transponder 39. For example, the transducers can send acoustic
pulses to the transponder 39. A synchronization signal can also be provided (e.g., optical fibers
of cable 20, wirelessly, etc.) to the controller 37 of the remotely operated vehicle 30. By
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synchronizing controller 45 on board of survey vessel 50 with controller 37 via a clock signal,
the transmission and receipt times of the acoustic pulses from the transducers can be
accurately recorded, and the relative location of remotely operated vehicle 30 with respect to
the survey vessel 50 may accurately be determined (e.g., by triangulation of the signals, etc.).
By associating the GPS signal 54 (e.g., received via its antenna 49) with the relative location of
the remotely operated vehicle 30, the exact, "absolute” location (in relation to the earth) of the
remotely operated vehicle 30 can be determined.

[0034] The propulsion equipment 31 can be used by the remotely operated vehicle 30 to
position itself on or move to a desired location. Positioning control signals may be generated by
controller 45 on board of survey vessel 50 (e.g., automatically, instructed by an operator, etc.)
and then transmitted to controller 37 which is configured to control propulsion equipment 31
based on the positioning control signals. In some examples, controller 37 may be configured to
read pre-stored positioning control signals (e.g., instructions and data) from memory 36 which
enables automatic movements of remotely operated vehicle 30 along one or more
predetermined trajectories. In other examples, the control signals can be derived from the
received information (e.g., GPS, positioning, etc.).

[0035] Depth sensor 35 can measure the depth of remotely operated vehicle 30. Depth signals
(e.g., from the depth sensor) can be sent to controller 37 which is configured to send the depth
signals to controller 45. The depth signals can be used to determine and display the depth of
remotely operated vehicle 35 at the survey vessel 50 (e.g., monitors, etc.). In some examples,
one or more other sensors can be used to determine a state of the remotely operated vehicle
30 (e.g., temperature sensor, speed sensor, etc.).

[0036] Acoustic sensor 34 (e.g., sonar sensor, etc.) can be configured to collect bathymetry
and backscatter data, and send such data to controller 37. Acoustic sensor 34 can be
configured to accurately, precisely, and reliably determine the origin of an acoustic flare
created by a gas bubbler. In some embodiments, based on data received from acoustic sensor
34, controller 37 is configured to locate a gas bubbler within a specific amount of meters (e.g.,
5 meters, 10 meters, 20 meters, etc.) of its actual location from a maximum altitude sonar grid.

[0037] Hydrocarbon measurement module 32 is configured to collect samples of water at
actual locations of remotely operated vehicle 30 and measure hydrocarbon content in these
samples, as will be explained in detail hereinafter.

Hydrocarbon measurement module

[0038] Hydrocarbon measurement module 32 is explained in detail with reference to FIG. 3.
Hydrocarbon measurement module 32 comprises a main loop 302 and a sensing loop 304.
The main loop 302 and sensing loop 304 comprise one or more conduits. The conduits may be
implemented in several different ways (e.g., rigid or flexibles pipes, hoses, etc.). The conduits
may be made of any suitable material including metals and plastics.
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[0039] The main loop 302 comprises a main conduit 314 having an inlet 306. The main conduit
314 has a junction 308 (adjacent to the inlet 306) connected to an outlet of a pump 312 (e.g.,
via a suitable conduit, etc.). An inlet of pump 312 is connected to an outlet of a pulse bag 310
(e.g., via a suitable conduit).

[0040] Main conduit 314 can end at an inlet of a methane measurement device 322. Upstream
from methane measurement device 322, main conduit 314 can comprise a postcoil junction
320, a delay coil 318 upstream from post-coil junction 320, and a pre-coil junction 316
upstream from delay coil 318. Downstream from methane measurement device 322, main loop
302 comprises a main loop pump 324 having an inlet connected to an outlet of methane
measurement device 322 (e.g., via a suitable conduit), a flow measurement device 328 having
an inlet connected to an outlet of main loop pump 324 (e.g., via a suitable conduit), and an
oxygen measurement device 330 having an inlet connected to an outlet of flow measurement
device 328 (e.g., via a suitable conduit). Main loop 302 can have an outlet 332 (e.g., an outlet
of oxygen measurement device 330). In some examples, flow measurement device 328 and
oxygen measurement device 330 can be interchanged as to their location (e.g., as seen in the
flow direction). The conduit connected to the outlet of main loop pump 324 can have a junction
326 connected to sensing loop 304. The main loop pump 324 can be configured to pull water
through the main conduit 314. In some embodiments, the flow measurement device 328 may
be used to perform an independent check on the function of the main loop pump 324. In some
examples, the oxygen measurement device 330 may be used to perform a gross error check.

[0041] In some embodiments, sensing loop 304 can comprise a first switchable valve device
336, a background back 338, a live bag 340, a pump 360, a second switchable valve device
344, a first sample bag 346, and a second sample bag 348, and it always comprises an
underwater mass spectrometer 342. In some embodiments, more than two sample bags may
be utilized. The methane measurement device 322 may be used as a gross error check
against the data from the underwater mass spectrometer 342 by correlating data coming from
both devices.

[0042] In some examples, live bag 340 can comprise a known solution of hydrocarbons, and
background bag 338 can comprise a known solution of sea water (e.g., of a predetermined
composition, etc.). These bags (e.g., 340, 338) can be used in a sensitivity calibration of
underwater mass spectrometer 342.

[0043] In some embodiments, first switchable valve device 336 has a first inlet connected to
pre-coil junction 316 of main conduit 314 (e.g., via a conduit 350); a second inlet connected to
post-coil junction 320 of main conduit 314 (e.g., via a conduit 352); a third inlet connected to an
outlet of live bag 340 (e.g., via a conduit 356); a fourth inlet connected to an outlet of
background bag 338 (e.g., via a conduit 358); and an outlet connected to an inlet of pump 360
(e.g., via a conduit 354).

[0044] In some examples, pump 360 has an outlet connected to an inlet of underwater mass
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spectrometer 342 (e.g., via a conduit 355). Underwater mass spectrometer 342 can have an
outlet connected to an inlet of second switchable valve device 344 (e.g., via a conduit 362).
Second switchable valve device 344 can have a first outlet connected to junction 326 of main
loop 302 (e.g., via a conduit 364); a second outlet connected to a conduit 366 which has an
outlet for draining waste inside a suitable location of remotely operated vehicle 30; a third
outlet connected to an inlet of second sample bag 348 (e.g., via a conduit 368); and a fourth
outlet connected to an inlet of first sample bag 346 (e.g., via a conduit 370).

[0045] In some examples, pulse bag 310 can contains a solution of hydrocarbons (e.g.,
calibrated, certified, etc.) for in-situ calibration of underwater mass spectrometer 342 and for
pulse generation (e.g., to measure the impulse response for various configurations of flow in
main loop 302). Pump 312 may be a piston pump which can be activated by controller 37 (via
wireless and/or wired communication technologies), to receive a short pulse of a high
concentration of hydrocarbons from pulse bag 310 and pump that short pulse into an inlet
stream of sea water to main conduit 314 (e.g., via junction 308). Controller 37 can simulate an
impulse or step function of an amount of hydrocarbons in seawater entering the system via
inlet 306.

[0046] In some embodiments, delay coil 318 can be arranged in main conduit 314. In some
examples, the coil is shaped like a coil of a predetermined length. In these embodiments, a coil
can introduce a predetermined extra travel, or delay, time of a certain amount of liquid (e.g.,
here seawater with or without hydrocarbons) flowing from pre-coil junction 316 to post-coil
junction 320. When the travel speed (e.,g of the liquid through the coil) is known, the travel
time can be determined (based on the length) and the delay time between pre-coil and post-
coil junctions (e.g., 316, 320) can also be determined. In other examples, main conduit 314
may be arranged in a zig-zag pattern between pre-coil and post-coil junctions (e.g., 316, 320)
such that the main conduit has a predetermined length between them. While the delay device
in this example is a coil, other delay devices are contemplated, for example (but not limited to)
a rigid pipe conduit or a carved path in a solid block.

[0047] In some examples, methane measurement device 322 may be implemented by a
Franatech Laser based Methane Sensor. Methane measurement device 322 can be
configured to provide (e.g., via wireless or wired communication) a methane measurement
signal to controller 37. In response to the signal, controller 37 can derive a methane
percentage in the sea water flowing through measurement device 322..

[0048] In some examples, pump 324 may be implemented as a heavy duty subsea peristaltic
pump configured to generate a steady laminar flow though main loop 302. Pump 324 can be
controlled by controller 37 (e.g., via including wireless and/or wired communication
technologies).

[0049] In some examples, flow measurement device 328 is configured to monitor the flow of
liquid through an enclosed space. Flow measurement device 328 can be configured to provide
(e.g., via wireless or wired communication) a flow measurement signal to controller 37. In
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response to receiving the signal, controller 37 can derive a flow speed and/or flow amount of
sea water (e.g., flowing through main conduit 314). Flow measurement device 328 can be
used for monitoring the flow of liquid through the conduit 314. In some examples, the pump
324 can have its speed controlled (e.g., by revolutions per minute). Changes in the speed of
the pump 324 may be confirmed by monitoring the flow (e.g., via flow measurement device
328). In this way, the flow measurement device 328 may be used to verify the flow rate through
the delay coil is constant and that calibrations depending on a steady flow rate are still valid
(e.g., during time the system is deployed). In some examples, the delay time introduced by the
delay coil 318 can be measured on-site.

[0050] In some examples, oxygen measurement device 330 may be an Anderaa Oxygen
Optode Sensor. Oxygen measurement device 330 can be configured to provide (e.g., via
wireless or wired communication) an oxygen measurement signal to controller 37. In response
to receiving the signal, controller 37 can derive an oxygen percentage in the sea water.
Oxygen is usually displaced in hydrocarbon emissions. The oxygen measurement device 330
may be used for detecting a drop in O2 which may be used as a form of gross error check
(e.g., when methane is found). In some examples, the oxygen measurement device 330 may
be used to verify measurement from the underwater mass spectrometer 342 (e.g., which also
measures dissolved oxygen). Discrepancies between the oxygen measurement device 330
and the underwater mass spectrometer 342 may be an indication of a problem with the
underwater mass spectrometer 342 (which needs to be diagnosed and corrected).

[0051] In some embodiments, switchable valve device 336 can be a valve device
programmatically switched by controller 37 to control an amount of a sample taken from main
conduit 314 (e.g., at the location of pre-coil junction 316, at the location of post-coil junction
320, both, etc.). In some examples, conduit 352 may be larger than conduit 350 such that a
sample taken from main loop 302 at the location of post-coil junction 320 is larger than a
sample taken from main loop 302 at the location of pre-coil junction 316. However, the
invention is not restricted to such an embodiment. It may be the opposite or such samples may
have equal size.

[0052] In some examples, switchable valve device 336 may be controlled to receive a portion
of a calibrated solution of hydrocarbons (e.g., as contained in live bag 340 for in-situ calibration
of underwater mass spectrometer 342). In some examples, switchable valve device 336 can
be controlled to receive an amount of liquid from live bag 340 (e.g., for pulse generation of a
certain amount of flow of liquid towards underwater mass spectrometer 342 via conduit 354 to
enable measurement of the impulse response by underwater mass spectrometer 342 for
various configurations of flow in sensing loop 304).

[0053] In some examples, switchable valve device 336 can be switched to receive a
predetermined amount of sea water from background bag 338 (e.g., via conduit 358).

[0054] In some examples, switchable valve device 336 is configured to switch any one of its
inlets to its outlet which is connected to mass spectrometer 342 via pump 362 (e.g., via
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respective conduits 354 and 355). In some examples, switchable valve device 336 is
connected to controller 37 (e.g., via wireless and/or wired communication technologies).

[0055] In some examples, pump 360 can be a piston pump that maintains flow in the sensing
loop. Controller 37 can control pump 360 (e.g., via wireless or wired communication).

[0056] In the present invention underwater mass spectrometer 342 is an underwater mass
spectrometer capable of measuring hydrocarbons, at least including light hydrocarbons with a
Molecular Mass < 92 atomic mass unit (amu) and up to at least 200amu. Spectrometer 342
can be configured to send a measurement signal to controller 37, indicating an amount of
hydrocarbons in the received sample of seawater. Controller 37 and data indicating the
amount can be transmitted to controller 45 of survey vessel 50. Controller 45 can then display
this information at the vessel, for example, via one or more printers and one or more monitors
(not shown).

[0057] In some examples, switchable valve device 344 is a valve device that can be
programmatically switched by controller 37 (e.g., via wireless or wired communication) to
receive an amount of sea water flowing in sensing loop 34 (e.g., as received from underwater
mass spectrometer 342 via conduit 362 after underwater mass spectrometer 342 has
processed received seawater from pump 360 and has measured hydrocarbon content). In
some examples, switchable valve device 344 can switch (e.g., via controller 37) its internal
valves such that seawater incoming via conduit 362 is exhausted via at least one of conduits
364, 366, 368 and 370.

[0058] It is observed that, in the embodiment explained here, remotely operated vehicle 30
has one controller 37. However, as indicated above there may be more controllers each one
having, e.g., a dedicated task. For instance, there may be a separate controller 20 installed in
the hydrocarbon measurement module 32 taking care of all its functions, which separate
controller is configured to communicate with controller 37 in any suitable way, including via a
wireless and/or wired connection such that data and control signals can be exchanged with
controller 45 on board of survey vessel 50.

Functioning of the system

[0059] In some embodiments, remotely operated vehicle 30 can traverse through a
hydrocarbon plume (e.g., originating from the seafloor). Vehicle 30 can experience successive
regions of high and low hydrocarbon concentration as it navigates in an out of the plume. In
some examples, vehicle can operated at high speeds and with the focused nature of plumes,
pulses of hydrocarbons in incoming seawater can be short and irregularly spaced.
Hydrocarbon measurement module 32 enables detection and precise tracking of these pulses
that enter the hydrocarbon measurement module 32.

[0060] For example, precise pulse tracking and trapping is greatly improved when the flow
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throughout the entire hydrocarbon measurement module 32 generated by pumps 324 and 360
is steady and laminar. In some embodiments, pump 324 is controlled (by controller 37) to drive
a continuous laminar flow (e.g., 500 ml/min +/- 10%) from the sea outside remotely operated
vehicle 30 into delay coil 318 and back out again via outlet 332. In some examples, the laminar
flow may be in a range of 100 - 5000 ml/min. In other examples, the laminar flow may be in a
range of 100 - 2000 mlI/min. Pump 360 (in sensing loop 304) can also be controlled (by
controller 37) to drive a much smaller flow (e.g., 10 ml/min +/-10%) through sensing loop 304.
In some examples, samples can be continuously extracted from the contents of the flow of
seawater in main loop 302. The sample amount may, for example, in a range of 1 - 100
ml/min. In other examples, the range can be 2-20 ml/min. Calibration

Timing calibration

[0061] The hydrocarbon measurement module 32 is configured to perform calibration of its
functioning at the site of operation, (e.g., at the bottom of the sea, 3000 meter below sea level,
etc.). This is advantageous because temperature and pressure have a significant influence on
the timing and accuracy of the hydrocarbon measurements performed by the underwater mass
spectrometer 342, and temperature and pressure cannot be predicted accurately before the
actual measurements are performed.

[0062] The attached bag 310, 340 can contain certified solutions of hydrocarbons which are be
used to generate artificial pulses of hydrocarbons within the system to precisely measure the
travel times between junctions of interest as well as the system sensitivity to hydrocarbons of
interest. In so doing the system can accurately track and trap pulses of high concentration for
detailed analysis ("gulping"). A corollary of precise tracking is the ability to pinpoint where in the
water the pulse was encountered which leads to the capability to locate precisely a chemical
plume in the water.

[0063] The speed of flow of seawater flowing through main loop 302 can depend on the
pumping force of pump 324. The speed of flow of seawater flowing through sensing loop 304
can depend on the pumping force of pump 360. At least two travel times of the seawater are
important: first, the travel time of the seawater between inlet 306 and underwater mass
spectrometer 342 via pre-coil junction 316, and second, the travel time of the seawater
between inlet 306 and underwater mass spectrometer 342 via post-coil junction 320 as
delayed by delay coil 318. These travel times, for example, should be known to calculate at
which time and location, inlet 306 received a certain amount of hydrocarbons in the incoming
seawater. To calculate the location where inlet 306 received a certain amount of hydrocarbons
in the incoming water, controller 37 should know the speed of hydrocarbon measurement
module 32 (e.g., in directions as a function of time). This speed is equivalent to the speed of
remotely operated vehicle 30(if they are firmly attached to one another).

[0064] A method of determining travel time of hydrocarbons entering the module at inlet 306
and flowing to underwater mass spectrometer 342 in an in-situ sensitivity calibration is
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illustrated below and in FIG. 4A.

[0065] At block 405, the hydrocarbon measurement module 32 can be moved to an
underwater site;

At block 410, the timing calibration bag 310 can be controlled to provide at least a portion of its
certified solution of hydrocarbons to the inlet 306 during an in-situ timing calibration; and

At block 415, at least a travel time is determined from the certified solution of hydrocarbon
flowing from the inlet 306 to the mass spectrometer 342.

[0066] In the present invention, in-situ timing calibration includes the following actions:

1. (i) moving the hydrocarbon measurement module to an underwater site,

2. (ii) controlling the timing calibration bag 310 to provide at least a portion of the certified
solution of hydrocarbon to the inlet 306 during the in-situ timing calibration in which at
least a travel time is determined from the certified solution of hydrocarbon flowing from
the inlet 306 to the mass spectrometer 342 either via the first conduit 350 or the second
conduit 352.

[0067] In some examples, relevant travel times can be measured by controller 37 as illustrated
in the method below and in FIG. 4B.

At block 420, controller 37 can control pump 324 to pump seawater through main loop 302;

At block 425, controller 37 can control pump 312 to provide an amount of the hydrocarbon
solution content of pulse bag 310 into main conduit 314 at a first starting time

At block 430, controller 37 can control switchable valve device 336 to connect conduit 354 to
pre-coil junction 316 via conduit 350 and controlling pump 360 to pump a sample amount of
seawater from main conduit 314 to underwater mass spectrometer 342 via precoil junction
316;

[0068] At block 435, controller 37 can control underwater mass spectrometer 342 to measure
hydrocarbon content in the sample amount flowing through underwater mass spectrometer
342 and at block 440, controller 37 can register a first time of arrival of hydrocarbons
originating from measuring the hydrocarbon solution content of pulse bag 310.

[0069] This first time of arrival is compensated for a measurement time needed by the
underwater mass spectrometer 342 to detect the hydrocarbon content, which measurement
time may be considerable. This measurement time is known in advance and may depend on
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the hydrocarbon concerned. Registering a first travel time of the hydrocarbons between pulse
bag 310 and underwater mass spectrometer 342 as the time difference between this first time
of arrival and the first starting time. Assuming the pump 312 and pulse bag 310 are located
very close to the inlet 306, then this first travel time is about the same as the travel time of
seawater between inlet 306 and underwater mass spectrometer 342 via precoil junction 316.

[0070] In other examples, controller 37 can repeat the method in FIG. 4B for a second starting
time to register a second time of arrival and as illustrated below and in FIG. 4C deducting a
third travel time

At block 445, controller 37 can control pump 324 to pump seawater through main loop 302;

At block 450, controller 37 can control pump 312 to provide an amount of the hydrocarbon
solution content of pulse bag 310 into main conduit 314 at a second starting time;

At block 455, controller 37 can control switchable valve device 336 such that conduit 354 is
connected to post-coil junction 320 via conduit 352 and controlling pump 360 to pump a
sample amount of seawater from main conduit 314 to underwater mass spectrometer 342 via
post-coil junction 320;

At block 460, controller 37 can control underwater mass spectrometer 342 to measure
hydrocarbon content in the sample amount flowing through underwater mass spectrometer
342 and registering a second time of arrival of hydrocarbons originating from the hydrocarbon
solution content of pulse bag 310. This second time of arrival is compensated for a
measurement time needed by the underwater mass spectrometer 342 to detect the
hydrocarbon content, which measurement time may be considerable. This measurement time
is known in advance and may depend on the hydrocarbon concerned. Registering a second
travel time of the hydrocarbons between pulse bag 310 and underwater mass spectrometer
342 as the time difference between this second time of arrival and the second starting time.
Assuming the pump 312 and pulse bag 310 are located very close to the inlet 306, then this
second travel time is about the same as the travel time of seawater between inlet 306 and
underwater mass spectrometer 342 via pre-coil junction 320;

At block 465, controller 37 can deduct the first travel time from the second travel time, resulting
in a third travel time which, when assuming that pre-coil 316 and post-coil 5 320 are located
close to (or at the same distance from) switchable valve device 336, is equal to the travel time
of seawater between pre-coil junction 316 and post-coil junction 320, which is mainly
determined by delay coil 318.

[0071] By adding amounts of the content of bag 310 at registered starting times and switching
switchable valve device 336 in predetermined states, controller 37 can measure different travel
times of seawater through the entire hydrocarbon measurement module 32 and registering
their time of arrival at the underwater mass spectrometer 342.
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Sensitivity calibration

[0072] In some embodiments, sensitivity calibration determines the relationship between ion
currents inside the underwater mass spectrometer 342 and the concentration of the
hydrocarbons in the received and analyzed sample. One possible scheme employed relies on
switching switchable valve device 336 between background bag 338 which contains seawater
which is, e.g., equilibrated with 100% Nitrogen, and live bag 340 which, for instance, contains a
calibrated solution of one or more of Methane, Ethane, Propane and Butane. Controller 37
may be configured to control switchable valve device 336 to add a pulse shaped amount of
hydrocarbon content from live bag 340. In this way, device 336 may act as a rinse for the
underwater mass spectrometer 342 when it becomes saturated by very high levels of
hydrocarbons and is still reading well after the peak has passed.

[0073] An example method of sensitivity calibration is illustrated below and in FIG. 4D.

At block 470, switchable valve device 336 can switch to background bag 338 for a
predetermined amount of time, (e.g., 4 mins);

At block 475, switchable valve device 336 can switch to the live bag 340 for an approximate
equivalent amount of time, (e.g., 4 mins);

At block 480, pump 360 can turn off e.g., for an equivalent amount of time. This stops the fluid
in front of a membrane present in underwater mass spectrometer 342. The result is that all
gases are drained from the contact area within a few seconds to provide an instrument
baseline reading;

At block 485, pump 360 can be switched on, e.g., for an approximate equivalent amount of
time; and

At block 490, switchable valve device 336 can switch to background bag 338.

[0074] These predetermined times may be different and also be different for background bag
338 and live bag 340.

[0075] The data obtained from the sensitivity calibration may be analyzed by controller 37 on
board of remotely operated vehicle 30 and fitted to a functional form to describe the membrane
geometry of underwater mass spectrometer 342. This exercise yields the sensitivity for the
analytes of interest, in this example: hydrocarbon molecules with 1 to 4 C atoms. Such actions
may, alternatively or additionally, also be performed by controller 45 or by any other controller.

[0076] A method of sensitivity calibration of hydrocarbon measurement module 32 is illustrated
below and shown in FIG. 4E.



DK/EP 3973284 T3

[0077] At block 495, the hydrocarbon measurement module can be moved to an underwater
site . In some examples, providing at least a portion of the further certified solution of
hydrocarbons and at least a portion of the water of the predetermined composition into the
sensing loop 304 during the in-situ sensitivity calibration is performed.

[0078] At block 499, sensitivity of the mass spectrometer 342 for hydrocarbon components
present in the further certified solution of hydrocarbons can be determined.

[0079] The third travel time of seawater between pre-coil junction 316 and post-coil 20 junction
320 can be adjusted by changing the length and/or cross section of delay coil 318. Real-time
measurements

[0080] The system enables real-time in-situ calibrated measurements of dissolved
hydrocarbons.

[0081] In some examples, controller 37 is configured to receive location data from transponder
39 relative to survey vessel 50. From this location data, controller 37 calculates its 3D position
and 3D speed relative to survey vessel 50 in real-time. Relative 3D position and 3D speed data
is then sent from controller 37 to controller 45 on board of survey vessel 50. Controller 45 is
configured to measure the 3D position and 3D speed of survey vessel 50 based on navigation
signals received from one or more satellites 55 using any possible method known in the art.
Based on this relative 3D position and 3D speed data of remotely operated vehicle 30 and 3D
position and 3D speed of survey vessel 50, controller 45 can then calculate the "absolute"
position, and possibly speed, data of remotely operated vehicle 30 as a function of time.
Controller 45 can store this historical position data of remotely operated vehicle 30 in any
suitable memory as a function of time and display it, for example, monitors, printers, etc.

[0082] The remotely operated vehicle 30 moves around at a site, e.g., at a seafloor, an ocean
floor or lake floor. Sonar 34 can have a high acoustic sensitivity to bubble clouds originating
from the seafloor because it can be located in close proximity to the seafloor. Sonar 34 can
detect sound as generated by such bubble clouds and transmits a sonar signal to controller 37
indicative of this bubble sound. Controller 37 is configured to transmitted this sonar signal, or
another signal derived from it, to controller 45 on board of survey vessel 50. Controller 45 is
configured to show this sonar data to staff, e.g., via a monitor or via a printout. Both controller
37 and 45 may be configured to store the sonar data in suitable memory as a function of time.
Staff can decide to operate controller 45 to send a driving signal to controller 37 to control
propulsion equipment 31 to steer remotely operated vehicle 30 to the source of the bubble
cloud. This may also be done automatically by controller 37 of remotely operated vehicle 30
based on these sonar data. The above explained calibration measurements have provided
controller 37 with accurate delay time of seawater entering the system at inlet 306 and arriving
at underwater mass spectrometer 342 via junction 316. WWhen underwater mass spectrometer
342 detects and measures a certain amount of hydrocarbons in the received sample it sends
hydrocarbon content data to controller 37. Controller 37 receives the hydrocarbon content data
as a function of time. Depending on the underwater mass spectrometer 342 used, this data will
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indicate presence of at least one of methane, ethane, propane, and butane. Underwater mass
spectrometer 342 may be configured to only send such hydrocarbon content data if the
concentration of one of these mentioned hydrocarbons exceeds a predetermined threshold.

[0083] Controller 37 is, in some embodiments, configured to share such hydrocarbon content
data with controller 45 such that it can be displayed, for example, via a suitable display or print
on paper. Both controller 37 and 45 may be configured to store the hydrocarbon content data
in suitable memory as a function of time.

[0084] By taking the above explained first travel time between inlet 306 and underwater mass
spectrometer 342 into account, controller 37 and/or controller 45 can calculate the location at
which location remotely operated vehicle 30 received the detected and measured
hydrocarbons in seawater. Controller 37 and/or controller 45 can also determine the time when
this happened. From these data, controller 37 and/or controller 45 can map a dissolved
hydrocarbon plume in real time allowing staff to redirect remotely operated vehicle 30 back into
a most prospective areas for further, detailed measurements. As an alternative, controller 37
and/or 45 may be configured to automatically redirect remotely operated vehicle 30 back into a
most prospective area for further, detailed measurements based on the calculated location
(and possibly time) where remotely operated vehicle 30 received the detected and measured
hydrocarbons in seawater.

[0085] Today, commercially available underwater mass spectrometers do not provide
instantaneous or near-instantaneous measurement results. They need a certain measurement
time to be able to provide a measurement signal to controller 37. For instance, the time
necessary for the sample to flow from pre-coil junction 316 to underwater mass spectrometer
342 and the measurement time to detect methane may be, for instance, 8 sec in total. In some
embodiments, pump 324 and the delay coil 318 are configured to provide an equal delay time
of, for example, 8 seconds to the flow of seawater between pre-coil junction 316 and postcoil
junction 320. Once underwater mass spectrometer 342 has detected methane, or any other
predetermined hydrocarbon, in the received sample and has sent measurement data to that
effect to controller 37, controller 37 may be configured to switch switchable valve device 336 to
connect conduit 354 to conduit 352 and no longer to conduit 350 so further samples of
seawater are taken at the location of post-coil junction 320. In some examples, the further
samples can be larger than the sample taken from main loop 302 at the location of pre-coil
junction 316. The larger further sample flows to underwater mass spectrometer 342 which then
can perform a more thorough measurement to generate a more detailed analysis of the
hydrocarbon content of the seawater. This, then, provides the underwater mass spectrometer
342 with more time to detect heavier hydrocarbon molecules in the sample, like ethane,
propane, and butane, and possibly others.

[0086] In these embodiments, the delay time of seawater flowing from pre-coil junction 316 to
post-coil junction 320 is configured to be substantially equal to the total time that a sample
flows from pre-coil junction 316 to underwater mass spectrometer 342 and the measurement
time of underwater mass spectrometer 342. Therefore, in this embodiment, controller 37 is
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configured to control switchable valve device 336 such that the further larger sample is taken
from seawater flowing in main loop 302 which originates from the same location in the
surrounding seawater as from which the earlier smaller sample was taken via pre-coil junction
316.

[0087] Note also that the delay time of the delay coil 318, as well as several travel times of
seawater flowing in the system have been measured in real-time during the calibration process
as indicated above, such that actual, real-time values are known to controller 37 and/or
controller 45. Taking these delay times and travel times into account, controller 37 can switch
switchable valve device 336 such that the earlier smaller sample originates from, substantially,
the same location in the surrounding seawater as the later larger sample.

[0088] So, when the remotely operated vehicle 30 is controlled by controllers 37 and/or 45 to
be redirected into a prospective area of a hydrocarbon plume in the surrounding seawater,
there is a high likelihood that hydrocarbon measurement module 32 successfully traps
segments of fluid measured to have the highest hydrocarbon concentrations along its path and
to provide the on-board underwater mass spectrometer 342 sufficient time to quantify the
hydrocarbons present.

[0089] In some embodiments, controller 37 is configured to control switchable valve device
344 to connect conduit 362, in which the sample flows as analysed by underwater mass
spectrometer 342, to at least one of its output conduits 364, 366, 368 and 370.

[0090] When conduit 362 is connected to output conduit 364, the sample will be exhausted in
main loop 314, e.g. downstream from pump 324 and upstream from flow measurement device
328.

[0091] When conduit 362 is connected to output conduit 366, the sample will be exhausted as
waste inside the body of remotely operated vehicle 30.

[0092] When conduit 362 is connected to output conduit 368 or 370, respectively, the sample
25 will be exhausted in sample bag 348 or sample bag 346, respectively.

[0093] Controller 37 may be programmed to automatically switch switchable valve device 344
such that conduit 362 is connected to either one of conduits 368 or 370 when underwater
mass spectrometer 342 has measured a certain hydrocarbon content above a predetermined
threshold. The sample collected in the sample bags 346, 348 can then be transported to the
survey vessel 50 for further analysis in a laboratory.

[0094] Methane sensor 322, if present, can be used for redundant measurement. For
example, methane sensor 322 is configured to transmit methane measurement data to
controller 37 which then may store such data as a function of time and forward them to
controller 45, for example, to be dislpayed. Such methane measurement data from methane
sensor 322 may be used to validate and/or support measurements made by underwater mass
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spectrometer.

[0095] Oxygen measurement device 330 is configured to measure dissolved oxygen. As
explained above, the underwater mass spectrometer 342 also measures 5 dissolved oxygen,
so this redundant measurement may be used to ensure that the underwater mass
spectrometer 342 is working properly.

[0096] Further disclosed is an example method to provide in situ analysing fluid samples in a
body of water, for example, from a river, lake or ocean. The method is illustrated in FIG. 5 and
below.

[0097] At block 505, fluid is collected continuously from the body of water into a fluid circuit. It
will be understood that a fluid sample collected from the floor of the body of water will fall within
the meaning of collecting from the body of water.

[0098] At block 510, a threshold concentration for a target analyte is defined. The target
analyte may be, for example, without limitation, hydrocarbons, preferably C1-C5 hydrocarbons,
atmospheric gases, preferably helium, argon, carbon dioxide, and/or biomarkers. Preferably,
the target analyte is indicative of a hydrocarbon content of a bulk portion of the body of water.
In a preferred embodiment, the target analyte is methane. In another embodiment of the
present invention, the method is used to infer the presence of an active hydrocarbon seep. In
this case, the active hydrocarbon seep is inferred by a measured analyte concentration
exceeding the threshold concentration.

[0099] At block 515, fluid is retained in the fluid circuit in a time-ordered fashion. In some
examples, the fluid is collected and retained in laminar flow. At block 520, the concentration of
the target analyte is measured within the fluid circuit. The fluid sample may be analysed, for
example, using a mass spectrometer, Raman spectroscopy, isotope probes, a fluorometer, and
combinations thereof.

[0100] At block 525, the measured concentrations are compared to the threshold
concentration. When one or more of the measured concentrations is greater than the threshold
concentration, further analysis is conducted on the retained fluid. Specifically, when a sample
from time or location, ¢, or d, has a measured concentration that exceeds the threshold

concentration, further analysis is conducted on the corresponding retained fluid that was
collected at t, or d,,. This can be accomplished, for example, when the fluid circuit has a length

of tubing that allows for analysing a target analyte at an end closer to the front end of the fluid
circuit and then capturing or analysing the time-ordered retained fluid at an end closer to the
rear end of the fluid circuit.

[0101] In one embodiment, the tubing may be coiled. In another embodiment, the collected
fluid may be separated into a sensing portion and a retained portion. Preferably, both the
sensing portion and the retained portion are maintained under laminar flow conditions.



DK/EP 3973284 T3

[0102] As an example, the target analyte may be methane and the further analysis may be
isotope analysis, concentration of ethane or higher hydrocarbons, and the like. The presence
of methane and ethane, for example, may be used to infer the presence of an active
hydrocarbon seep.

[0103] An alternative or complementary example method the above, is described below.

[0104] A method for in situ analyzing fluid samples in a body of water, the method comprising:
defining a target analyte and a threshold concentration for the target analyte; continuously
collecting fluid from the body of water into a fluid circuit; retaining the fluid in the fluid circuit in a
time-ordered fashion; measuring the concentrations of the target analyte within the fluid circuit;
comparing each of the measured concentrations to the threshold concentration; and when one
or more of the measured concentrations is greater than the threshold concentration,
conducting further analysis on the time-ordered retained fluid.

[0105] In some examples, the fluid is collected in laminar flow. In some examples, the fluid can
be separated into a sensing portion and a retained portion. The sensing portion and the
retained portion can be maintained under laminar flow conditions.

[0106] In some examples, fluid sample is analyzed using a mass spectrometer, Raman
spectroscopy, isotopes probes, a fluorometer, and combinations thereof.

[0107] In some examples, the further analysis can include an analysis of fluid components
other than the target analyte.

[0108] In some examples, the fluid circuit can be a length of tubing. In some examples, the
target analyte can be indicative of the hydrocarbon content of a bulk portion of the body of
water. In some examples, the target analyte is methane. In some examples, the presence of
an active hydrocarbon seep is determined when the measured analyte concentration exceeds
the threshold concentration.

[0109] In some examples, the analysis is conducted in a subsurface vehicle. In other
examples, the analysis is conducted on a surface vessel.

[0110] In some examples, the target analyte is selected from hydrocarbons, preferably C1-C5
hydrocarbons, atmospheric gases, preferably helium, argon, carbon dioxide, biomarkers and
combinations thereof. In some examples, the hydrocarbons are selected from the group
consisting of C1, C2, C3, C4, and C5 hydrocarbons and combinations thereof. 15. The method
of clause 1, wherein the body of water is selected from rivers, lakes, and oceans. In some
examples, the fluid sample is a sample of pore water collected from a floor of the body of
water.

[0111] FIG. 6 illustrates a computing system architecture 600 including various components in
electrical communication with each other using a connection 606, such as a bus. Example
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system architecture 600 includes a processing unit (CPU or processor) 604 and a system
connection 606 that couples various system components including the system memory 620,
such as read only memory (ROM) 618 and random access memory (RAM) 616, to the
processor 604. The system architecture 600 can include a cache 602 of highspeed memory
connected directly with, in close proximity to, or integrated as part of the processor 604. The
system architecture 600 can copy data from the memory 620 and/or the storage device 608 to
the cache 602 for quick access by the processor 604. In this way, the cache can provide a
performance boost that avoids processor 604 delays while waiting for data. These and other
modules can control or be configured to control the processor 604 to perform various actions.

[0112] Other system memory 620 may be available for use as well. The memory 620 can
include multiple different types of memory with different performance characteristics. The
processor 604 can include any general purpose processor and a hardware or software service,
such as service 1 610, service 2 612, and service 3 614 stored in storage device 608,
configured to control the processor 604 as well as a special-purpose processor where software
instructions are incorporated into the actual processor design. The processor 604 may be a
completely self-contained computing system, containing multiple cores or processors, a bus,
memory controller, cache, etc. A multi-core processor may be symmetric or asymmetric.

[0113] To enable user interaction with the computing system architecture 600, an input device
622 can represent any number of input mechanisms, such as a microphone for speech, a
touch-sensitive screen for gesture or graphical input, keyboard, mouse, motion input, speech
and so forth. An output device 624 can also be one or more of a number of output
mechanisms known to those of skill in the art. In some instances, multimodal systems can
enable a user to provide multiple types of input to communicate with the computing system
architecture 600. The communications interface 626 can generally govern and manage the
user input and system output. There is no restriction on operating on any particular hardware
arrangement and therefore the basic features here may easily be substituted for improved
hardware or firmware arrangements as they are developed.

[0114] Storage device 608 is a non-volatile memory and can be a hard disk or other types of
computer readable media which can store data that are accessible by a computer, such as
magnetic cassettes, flash memory cards, solid state memory devices, digital versatile disks,
cartridges, random access memories (RAMs) 616, read only memory (ROM) 618, and hybrids
thereof.

[0115] The storage device 608 can include services 610, 612, 614 for controlling the processor
604. Other hardware or software modules are contemplated. The storage device 608 can be
connected to the system connection 606. In one aspect, a hardware module that performs a
particular function can include the software component stored in a computer-readable medium
in connection with the necessary hardware components, such as the processor 604,
connection 606, output device 624, and so forth, to carry out the function.

[0116] In some embodiments the computer-readable storage devices, mediums, and
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memories can include a cable or wireless signal containing a bit stream and the like. However,
when mentioned, non-transitory computer-readable storage media expressly exclude media
such as energy, carrier signals, electromagnetic waves, and signals per se.

[0117] Methods according to the above-described examples can be implemented using
computer-executable instructions that are stored or otherwise available from computer
readable media. Such instructions can comprise, for example, instructions and data which
cause or otherwise configure a general purpose computer, special purpose computer, or

[0118] Variations to the disclosed embodiments can be understood and effected by a person
skilled in the art in practicing the claimed invention, from a study of the figures, the description
and the attached claims. In the description and claims, the word "comprising” does not exclude
other elements, and the indefinite article "a" or "an" does not exclude a plurality. In fact it is to
be construed as meaning "at least one". The mere fact that certain features are recited in
mutually different dependent claims does not indicate that a combination of these features
cannot be used to advantage. Any reference signs in the claims should not be construed as
limiting the scope of the invention. special purpose processing device to perform a certain
function or group of functions. Portions of computer resources used can be accessible over a
network. The computer executable instructions may be, for example, binaries, intermediate
format instructions such as assembly language, firmware, or source code. Examples of
computer-readable media that may be used to store instructions, information used, and/or
information created during methods according to described examples include magnetic or
optical disks, flash memory, USB devices provided with non-volatile memory, networked
storage devices, and so on.

[0119] Devices implementing methods according to these disclosures can comprise hardware,
firmware and/or software, and can take any of a variety of form factors. Typical examples of
such form factors include laptops, smart phones, small form factor personal computers,
personal digital assistants, rackmount devices, standalone devices, and so on. Functionality
described herein also can be embodied in peripherals or add-in cards. Such functionality can
also be implemented on a circuit board among different chips or different processes executing
in a single device, by way of further example.

[0120] The instructions, media for conveying such instructions, computing resources for

executing them, and other structures for supporting such computing resources are means for
providing the functions described in these disclosures.
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Patentkrav

1. Et kulbrintemalemodul (32) omfattende

en hovedslgjfe (302) med et vandindlgb (306) til at modtage vand, en forste
pumpe (324) til at pumpe det modtagne vand gennem hovedslgjfen (302);
en detektorslgjfe (304) med en forste ledning (350, 352) forbundet til ho-
vedslgjfen (302) ved en forste forbindelse (316, 320) og konfigureret til at
modtage en stikprove af vandet, der stremmer i hovedslgjfen (302), og et
massespektrometer (342) konfigureret til at analysere stikprgven og detek-
tere, om stikprgven indeholder et eller flere forudbestemte kulbrinter,

kendetegnet ved, at en anden pumpe (360) er placeret i detektorslojfen

(304) til at pumpe stikproven gennem detektorslgjfen (304).

2. Kulbrintemalemodulet ifglge krav 1, hvori naevnte farste pumpe (324) er konfi-
gureret til at pumpe naevnte vand som en kontinuerlig laminar stremning gennem

neevnte hovedslgjfe.

3. Kulbrintemalemodulet ifalge krav 1, omfattende en tidskalibreringspose (310),
som er forbundet til hovedslgjfens indlgb (306) og omfatter en certificeret oplasning
af kulbrinter og er konfigureret til at tilvejebringe i det mindste en del af neevnte
certificerede oplgsning af kulbrinte til neevnte indlgb (306) under en in situ tidska-
librering, hvori mindst en forste rejsetid bestemmes af navnte certificerede oples-
ning af kulbrinte, der stremmer fra naevnte indlgb (306) til haevhte massespektro-
meter (342).

4. Kulbrintemalemodulet ifelge krav 1, omfattende en forste folsomhedskalibre-
ringspose (340) og en anden fglsomhedskalibreringspose (358), som begge er an-
bragt i detektorslgjfen (304), den forste folsomhedskalibreringspose (340) omfat-
tende en yderligere certificeret oplasning af kulbrinter, og den anden folsomheds-
kalibreringspose (338) omfattende vand af en forudbestemt sammenseetning, kul-
brintemalemodulet er konfigureret til skiftevis at tilvejebringe i det mindste en del
af neevnte yderligere certificerede oplagsning af kulbrinte og i det mindste en del af
neevnte vand i naevnte forudbestemte sammensaetning ind i naevnte detektorslgjfe
(304) under en in situ falsomhedskalibrering, hvor fglsomheden af naevntemasse-
spektrometer (342) for kulbrintekomponenter foreliggende i naevnte yderligere cer-

tificerede oplasning af kulbrinte bestemmes.
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5. Kulbrintemalemodulet ifalge krav 1, omfattende en forsinkelsesspole (318) an-
bragt i neevnte hovedslgjfe (314), naevnte farste forbindelse (316) er anbragt op-
stroms fra naevnte forsinkelsesspole (318), detektorslgjfen (304) omfatter en an-
den ledning (352) forbundet til naevnte hovedslgjfe ved en anden forbindelse (320)
placeret nedstroms fra naevnte forsinkelsesspole (318) og konfigureret til at mod-
tage en yderligere stikprove fra naevnte vand, der strommer i naevnte hovedslgjfe
via naevnte anden forbindelse (320), massespektrometer (342) er konfigureret til
at analysere naevnte yderligere stikprgve og detektere, om naevnte yderligere stik-

prove indeholder et eller flere forudbestemte kulbrinter.

6. Kulbrintemalemodulet ifelge krav 5, omfattende en regulator (37) og en kob-
lingsenhed (336), navnte regulator (37) er i det mindste forbundet med naevnte
koblingsenhed (336) og til nsevnhte massespektrometer (342), naevnte forste led-
ning (350) og anden ledning (352) er begge forbundet til naevnte koblingsenhed
(336) og neevnte koblingsenhed (336) er forbundet med naevnte massespekirome-
ter (342), hvori naevnte regulator er konfigureret til at styre navnte koblingsenhed
(336) til at sende naevnte stikprove som modtaget fra naevnte fgrste ledning (350)
til neevnte massespektrometer (342), hvilket massespektrometer (342) er konfigu-
reret til at tilvejebringe et udlgsersignal til neevnte regulator (37), nar den detek-
terer en forudbestemt maengde af kulbrinte i naevnte stikprove, og naevnte regula-
tor er konfigureret til at styre naevnte koblingsenhed (336) til at sende naevnte
yderligere prove, som modtaget fra neevnte anden ledning (352) til naevnte mas-
sespektrometer (342) pa et forudbestemt tidspunkt efter modtagelse af naevnte
udlgsersignal under hensyntagen til den forarsagede forsinkelsestid ved nasvnte

forsinkelsesspole (318).

7. Kulbrintemalemodulet ifglge krav 1, hvori detektorslgjfen (304) omfatter en
yderligere koblingsenhed (344) anbragt nedstrems fra naevnte massespektrometer
(342) og konfigureret til at modtage udstedningsvand fra et udlgb fra naevnte mas-
sespektrometer (342) og videresende naevnte udstedningsvand til mindst én af en
provepose (346; 348), et affaldsudlob og en forbindelse (326) i naevnte hoved-

slgjfe.

8. Kulbrintemalemodulet ifglge et hvilket som helst krav 1, omfattende mindst én
af en metanmaleanordning (322), en flowmaleanordning (328) og en oxygenkon-

centrationsmaleanordning (330).
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9. Undervandsfartej omfattende et kulbrintemalemodul ifglge krav 1.

10. Undervandsfartejet ifglge krav 9, omfattende en sonar (34}, undervandsfartg-
jet er konfigureret til at detektere kulbrinteudsivninger teet pa mindst én af en bund

af et hav, ocean og en sg.

11. Fremgangsmade til in situ tidskalibrering af et kulbrinteméalemodul (32) som

defineret i kravene 1-8, fremgangsmaden omfattende:

flytning af kulbrintemalemodulet (32) til et undervandssted;

styring af en tidskalibreringspose (310) til at tilvejebringe i det mindste en
del af en certificeret oplesning af kulbrinter til indlgbet (306) under in situ
tidskalibrering; og

bestemmelse af mindst en rejsetid fra den certificerede oplagsning af kul-
brinte, der stremmer fra indlgbet (306) til massespekirometeret (342) via
forbindelsen (316, 320) baseret pa kulbrinteanalyse af massespektromete-
ret (342).
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