wo 20207192893 A1 |0 00000 KO Y000 00RO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 October 2020 (01.10.2020)

(10) International Publication Number

WO 2020/192893 Al

WIPO I PCT

1)

@n

22)

@5
(26)
(71)

(72)

(74)

@81)

International Patent Classification:
GO1F 1/00 (2006.01) GOIM 3/32 (2006.01)
GO1F 23/288 (2006.01) G018 13/88 (2006.01)

International Application Number:
PCT/EP2019/057550

International Filing Date:
26 March 2019 (26.03.2019)

Filing Language: English

Publication Language: English

Applicant: ROSEMOUNT TANK RADAR AB [SE/SE];
P.O. Box 150, 435 23 MOLNLYCKE (SE).

Inventors: DELIN, Hikan;, Lerboga Utsikten, 585 93
LINKOPING (SE). BLOMBERG, Urban; Killddersgatan
10, 582 52 LINKOPING (SE). LARSSON, Lars-Ove,
Hagerhéllsvigen 22, 582 72 LINKOPING (SE).

Agent: KRANSELL & WENNBORG KB, P.O. Box
2096, 403 12 GOTEBORG (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

84

KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

4

Title: LEAKAGE DETECTION SYSTEM AND METHOD

—

Transmit
T.n

)

Receive
SR, n
Form
SiEn
¥
Determine
P (SiEp)

100~

1071—|

102~

103~

Store
D, n

¥

Retrieve stored
Pp-1

i

Determine
106~ AL

Al

104~

105~

— &L o7
Sufficient
confidence?,

107

109~ Leakage

108

n=n+1

indication

Fig. 4

(57) Abstract: A method of detecting leakage, comprising the steps of: performing a
sequence of monitoring operations; and providing, when it is determined that leakage is
present, a signal indicative of detected leakage. Each monitoring operation includes the
steps of: generating a transmit signal exhibiting a time-varying frequency; receiving a
reflection signal resulting from reflection of the transmit signal at the surface; forming an
intermediate frequency signal for the present monitoring operation based on the transmit
signal and the reflection signal; determining a phase of the intermediate frequency signal
for the present monitoring operation; determining, based on the phase for the present
monitoring operation and the phase associated with at least one previous monitoring
operation, a measure indicative of a present rate of change of the phase; comparing the
measure with a predefined threshold value; and determining a presence of leakage based
on the comparison.
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LEAKAGE DETECTION SYSTEM AND METHOD

Technical Field of the Invention

The present invention relates to a method of detecting leakage from a
tank, and to a leakage detection system.

Technical Background

Oil and other products are often stored in large storage tanks, which
may be in tank farms or under ground etc.

If leakage should occur in such a storage tank, it is highly desirable to
reliably detect such leakage as soon as possible to prevent environmental
damage and waste of product.

For instance, crude oil storage tanks may have sizes of several
hundred thousand cubic meters and a millimeter of product corresponds to
several cubic meters of oil.

Known methods of detecting oil leakage from a storage tank include
installing an oil-sensing cable below or around the storage tank. When oil
reaches the cable, the leakage can be detected.

It would be desirable to provide for improved leakage detection, in
particular faster leakage detection.

Summary
In view of the above, a general object of the present invention is to

provide for improved leakage detection, in particular faster leakage detection.
According to a first aspect of the present invention, it is therefore
provided a method of detecting leakage from a tank containing a product,
using a radar level gauge system comprising a transceiver, a propagation
device coupled to the transceiver, and processing circuitry coupled to the
transceiver, the method comprising the steps of: performing a sequence of
monitoring operations, each monitoring operation including the steps of:
generating, by the transceiver, an electromagnetic transmit signal exhibiting a
time-varying frequency; propagating, by the propagation device, the transmit

signal towards a surface of the product in the tank; returning, by the
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propagation device, an electromagnetic reflection signal resulting from
reflection of the transmit signal at the surface back towards the transceiver;
receiving, by the transceiver, the reflection signal; forming, by the transceiver,
an intermediate frequency signal for the present monitoring operation based
on the transmit signal and the reflection signal; determining, by the
processing circuitry, a phase of the intermediate frequency signal for the
present monitoring operation; determining, based on the phase of the
intermediate frequency signal for the present monitoring operation and the
phase of the intermediate frequency signal associated with at least one
previous monitoring operation in the sequence of monitoring operations, a
measure indicative of a present rate of change of the phase of the
intermediate frequency signals for the sequence of monitoring operations;
comparing the measure indicative of the present rate of change of the phase
with a predefined threshold value; and determining a presence of leakage
based on the comparison; and providing, when it is determined that leakage
is present, a signal indicative of detected leakage.

Each monitoring operation may include storing the measure indicative
of the present rate of change of the phase and/or a measure indicative of the
phase of the intermediate frequency signal associated with the present
monitoring operation. The measure indicative of the rate of change of the
phase may, for example, be the rate of change of the level of the product in
the tank.

The electromagnetic transmit signal may advantageously be a
microwave signal. For instance, the transmit signal may be frequency and/or
amplitude modulated on a carrier in the microwave frequency range.

The present invention is based on the realization that, while not being
straight-forward to use for determining the absolute distance to the surface of
the product (and thus the level of the product in the tank), the phase of the
intermediate frequency signal in a radar level gauge system of the FMCW-
type is highly suitable for accurately determining changes in the distance to
the surface of the product. In particular, the present inventors have found that
monitoring of changes over time in the phase of the intermediate frequency
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signal provides for a fast, accurate and reliable determination of even a very
small change in filling level over time.

According to embodiments of the present invention, the above-
mentioned phase of the intermediate frequency signal may be the phase at
the frequency of the intermediate frequency signal for which a transported
energy of the intermediate frequency signal exhibits its highest maximum.
This phase may be determined based on per se known frequency analysis,
such as FFT, of the intermediate frequency signal for each monitoring
operation in the sequence of monitoring operations. Those of ordinary skill in
the art will be aware that there are also other ways of determining the phase.

Through the fast, accurate and reliable indication of a rate of change of
the level of the product in the tank achievable in embodiments of the present
invention, the presence of leakage in the tank can be detected at an early
stage, before a large quantity of product has leaked from the tank.
Furthermore, the very short time needed to reliably detect an ongoing but
very small lowering of the level in the tank may make the leakage detection
method according to embodiments of the present invention relatively
insensitive to variations in the temperature, in particular if it can be
determined that any temperature variations exhibit a different behavior over
time than the detected change in level.

According to embodiments, the present rate of change may be
determined only based on the present monitoring operation, and previous
monitoring operations carried out less than five minutes before the present
monitoring operation. This may reduce the influence of temperature
fluctuations on the determined present rate of change. To even further reduce
the influence of temperature fluctuations, the present rate of change of the
phase may be determined only based on the present monitoring operation,
and previous monitoring operations carried out less than two minutes before
the present monitoring operation.

According to various embodiments, furthermore, the method may
additionally comprise the step of repeatedly acquiring a measure indicative of
a rate of change of a temperature at the tank.
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Such a measure may be acquired from a temperature sensor arranged
inside the tank for best performance, or outside the tank, which may be more
convenient.

In embodiments, the determination of the presence of leakage may be
additionally based on the rate of change of the temperature at the tank.
Based on an indication of the rate of change of the temperature of the product
in the tank, the rate of change of the level indicated by the rate of change of
the phase of the intermediate frequency signal may be corrected for
temperature effects. Hereby, a more reliable leakage detection can be
provided for.

Advantageously, the determination of the presence of leakage may be
additionally based on the rate of change of the temperature at the tank as a
function of time.

According to various embodiments, the determination of the presence
of leakage may be additionally based on the phase of the intermediate signal
as a function of time, or the rate of change of the phase of the intermediate
signal as a function of time. Depending on factors such as the location and/or
the configuration of the tank, a certain relation between temperature and time
may be expected. For instance, the temperature may be expected to vary in
24-hour cycles for a storage tank arranged above ground. By monitoring the
phase, or the rate of change of the phase over time, such cyclic behavior, for
example, can be identified and compensated for. For example, present and
future temperature influence can be predictively compensated for.

In embodiments, the determination of the presence of leakage may be
based on the phase of the intermediate signal as a function of time, or the
rate of change of the phase of the intermediate signal as a function of time
over a period of time of at least 24 hours, or more preferably over a period of
time of at least 48 hours.

Advantageously, furthermore, the monitoring operations may be
carried out with an average frequency of at least one monitoring operation per
second. With a higher measurement frequency, a sufficiently high confidence
value can be achieved within a shorter time.
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According to a second aspect of the present invention, it is provided a
leakage detection system, for detecting leakage from a tank containing a
product, the leakage detection system comprising: a propagation device for
propagating an electromagnetic transmit signal towards a surface of the
product in the tank, and returning an electromagnetic reflection signal
resulting from reflection of the transmit signal at the surface of the product; a
transceiver coupled to the propagation device for generating and providing to
the propagation device the transmit signal exhibiting a time-varying
frequency, receiving the reflection signal, and mixing the transmit signal and
the reflection signal to form an intermediate frequency signal; and processing
circuitry, coupled to the transceiver, and configured to: determine a phase of
the intermediate frequency signal formed by the transceiver; determine,
based on the phase of the intermediate frequency signal for a present
monitoring operation and the phase of the intermediate frequency signal
associated with at least one previous monitoring operation, a measure
indicative of a present rate of change of the phase of the intermediate
frequency signals for a sequence of monitoring operations; compare the
measure indicative of the present rate of change of the phase with a
predefined threshold value; determine a presence of leakage based on the
comparison; and provide, when it is determined that leakage is present, a
signal indicative of detected leakage.

The “transceiver” may be one functional unit capable of transmitting
and receiving electromagnetic signals or may be a system comprising
separate transmitter and receiver units.

It should be noted that the processing circuitry may be provided as one
device or several devices working together.

The propagation device may be a radiating antenna, or a probe
extending towards and into the product in the tank.

In summary, the present invention thus relates to a method of detecting
leakage, comprising the steps of: performing a sequence of monitoring
operations; and providing, when it is determined that leakage is present, a
signal indicative of detected leakage. Each monitoring operation includes the

steps of: generating a transmit signal exhibiting a time-varying frequency;
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receiving a reflection signal resulting from reflection of the transmit signal at
the surface; forming an intermediate frequency signal for the present
monitoring operation based on the transmit signal and the reflection signal;
determining a phase of the intermediate frequency signal for the present
monitoring operation; determining, based on the phase for the present
monitoring operation and the phase associated with at least one previous
monitoring operation, a measure indicative of a present rate of change of the
phase; comparing the measure with a predefined threshold value; and

determining a presence of leakage based on the comparison.

Brief Description of the Drawings

These and other aspects of the present invention will now be described
in more detail, with reference to the appended drawings showing a currently
preferred embodiment of the invention, wherein:

Fig 1 schematically shows an application for embodiments of the
leakage detection system and method according to the present invention, in
the form of a tank farm;

Fig 2 is an enlarged view of an exemplary leakage detection system
according to embodiments of the preset invention, schematically indicating
functional parts of the leakage detection system;

Fig 3 is a partial schematic block diagram of the leakage detection
system in fig 2;

Fig 4 is a flow-chart schematically illustrating an example embodiment
of the method according to the present invention;

Figs 5A-C are diagrams illustrating steps of the method in fig 4; and

Fig 6 is a diagram showing an example of an estimation of the rate of
change of the level of the product achieved using an embodiment of the
method according to the present invention.

Detailed Description of Example Embodiments of the Invention

Fig 1 schematically shows an application for the leakage detection
system and method according to the present invention, in the form of a tank

farm 1, comprising a plurality of storage tanks 3 containing a product 5. In the
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example application of fig 1, each storage tank 3 is provided with a leakage
detection system 7 according to an example embodiment of the present
invention, and a separate temperature sensor 9. In fig 1, each leakage
detection system 7 is a radar level gauge system with leakage detection
capabilities, which may be controllable between a level determination mode
and a leakage detection mode. In the level determination mode, the radar
level gauge system 7 may determine the level of the product 5 in the tank 3
based on the frequency of the intermediate frequency signal, and in the
leakage detection mode, the radar level gauge system 7 may determine the
presence of leakage based on a rate of change of the phase of the
intermediate frequency signal. The radar level gauge system 7 may be
controllable to alternate between the level determination mode and the
leakage detection mode.

Fig 2 is an enlarged view of an exemplary leakage detection system 7
according to embodiments of the preset invention, schematically indicating
functional parts of the leakage detection system 7. Referring to fig 2, the
leakage detection system 7 comprises a propagation device, here in the form
of a parabolic antenna 11, a transceiver 13, processing circuitry 17, a
communication interface 19, and a communication antenna 21 for enabling
wireless communication between the leakage detection system 7 and
external unit, such as a control system (not shown) for the tank farm 1 in fig 1.

Under control of the processing circuitry 17, the transceiver 13
generates and transmits an electromagnetic transmit signal St exhibiting a
time-varying frequency (like a radar level gauge system of the Frequency
Modulated Continuous Wave-type). The transmit signal St is passed on from
the transceiver 13 to the antenna 11, which radiates the transmit signal St
towards the product in the tank 3, as is schematically indicated in fig 2. The
antenna returns an electromagnetic reflection signal Sr, resulting from
reflection of the transmit signal St at the surface of the product in the tank 3,
to the transceiver 13. As will be described in greater detail further below, the
transceiver 13 forms an intermediate frequency signal Sir based on the
transmit signal St and the reflection signal Sr. This intermediate frequency

signal Sir is processed by the processing circuitry 17 to determine a phase ®
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of the intermediate frequency signal Sir. Based on a sequence of phase
determinations, the rate of change of the phase ® can be estimated, which
can in turn be used to detect a leakage. If a leakage is detected, a signal
indicative thereof may be provided to a remote location, such as the above-
mentioned control system, by means of the communication interface 19 and
the communication antenna 21.

In the example embodiment of fig 2, the communication from/to the
leakage detection system/radar level gauge system 7 is indicated as being
wireless communication. Alternatively, communication may, for example, take
place over an analog and/or digital wire-based communication channel. For
instance, the communication channel may be a two-wire 4-20 mA loop and
the filling level and/or leakage detection signal may be communicated by
providing a certain current corresponding to the filling level on the two-wire 4-
20 mA loop. Digital data may also be sent across such a 4-20 mA loop, using
the HART protocol. Furthermore, pure digital communication protocols such
as Modbus or Foundation Fieldbus may be used.

Fig 3 is a partial and simplified schematic block diagram of the leakage
detection system 7 in fig 2. Referring to fig 2, the block diagram shows a
measurement channel comprising the transceiver 13 and the processing
circuitry 17 in fig 2.

The transceiver 13 is here shown as including a microwave source 23,
a power divider 25, and a mixer 27. The processing circuitry 17 is shown as
including timing circuitry 29, a sampler 31, an FFT block 33, a phase
determining block 35, a memory 37, and a leakage determining block 39.

As is schematically indicated in fig 3, the timing circuitry 29 is coupled
to the microwave source 23 to control the microwave source 23 to generate a
transmit signal St. The microwave source 23 is connected to the antenna 11
via the power divider 25, and thus provides the transmit signal St to the
antenna 11. The reflection signal Sr from the antenna 11 is routed by the
power divider 25 to the mixer 27, which is also connected to receive the
signal from the microwave source 23. The transmit signal St provided by the
microwave source 23 and the reflection signal Sr from the antenna 11 are

combined to form an intermediate frequency signal Sir.
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As is schematically shown in fig 3, the intermediate frequency signal
Sir is sampled by the sampler 31, which may be controlled by the timing
circuitry 29 to be synchronized with the transmit signal St. The sampled
intermediate frequency signal Sk is further processed by the FFT-block 33
and the phase determining block 35 to determine the phase of the
intermediate frequency signal Sir. The phase is stored in the memory 37,
optionally together with temperature data as is schematically indicated by the
dashed arrow in fig 3. Based on the data stored in the memory 37, the
leakage determining block 37 determines whether or not leakage is detected,
and provides a signal indicating the result of the determination.

While the elements of the transceiver 13 are typically implemented in
hardware, and form part of an integrated unit normally referred to as a
microwave unit, at least some portions of the processing circuitry 17 may
typically be embodied by software modules executed by an embedded
processor. The invention is not restricted to this particular realization, and any
implementation found suitable to realize the herein described functionality
may be contemplated.

An example embodiment of the method according to the present
invention will now be described with reference to the flow-chart in fig 4.
According to embodiments of the present invention, monitoring operations are
carried out in sequence. In a first step 100, the transmit signal St of
monitoring operation number n in the sequence is generated and transmitted.
The reflection signal Sgr resulting from reflection of the transmit signal St» at
the surface of the product 5 in the tank 3 is received in step 101. In step 102,
the transmit signal St,n and the reflection signal Sr are combined to form the
so-called intermediate frequency signal Sir» for the monitoring operation,
using techniques that are per se well-known in the art of FMCW-type radar
level gauge systems. An exemplary intermediate frequency signal Sirn, is
shown, in the time domain, in fig 5A.

In the subsequent step 103, a phase &, of the intermediate frequency
signal Sk, for the present monitoring operation is formed based on the
transmit signal St,» and the reflection signal Sr». According to embodiments

of the invention, this may be done by transforming the intermediate frequency
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signal Sir to the frequency domain, for example by means of the FFT-

block 33 in fig 3, identifying the frequency corresponding to reflection at the
surface 5 of the product (the frequency at which the intermediate frequency
signal carries the largest amount of energy), and determining the phase &, of
the intermediate frequency signal Si» for this frequency. This procedure is
schematically illustrated by fig 5B, showing the energy carried by the
intermediate frequency signal Sir,n as a function of frequency, and fig 5C,
showing the phase as a function of frequency. It should be noted that fig 5B
and fig 5C are zoomed in on a rather narrow frequency interval around the
frequency of the intermediate frequency signal corresponding to reflection of
the transmit signal at the surface of the product. The phase ®, determined for
the present monitoring operation is stored in memory 37 in step 104.

In the subsequent step 105, the phase ®n.1, On2,... Of the intermediate
frequency signal associated with at least one previous monitoring operation in
the sequence of monitoring operations is retrieved from the memory 37.
Thereafter, in step 106, a measure indicative of a present rate of change of
the phase of the intermediate frequency signals for the sequence of
monitoring operations is determined based on the present phase ®, and the
previous phase values ®n.1, On-2,... retrieved from the memory 37 in step 105.
In the example method illustrated in fig 4, the measure indicative of the
present rate of change of the phase is represented by a present rate of
change (AL/At), of the level of the product 5 in the tank 3.

Each monitoring operation in the sequence of monitoring operations
may thus result in a present rate of change of the level of the product 5 in the
tank 3. This is schematically indicated by the line 41 in fig 6.

In the subsequent step 107 the above-mentioned measure indicative of
the present rate of change of the phase, here the present rate of change
(AL/At)n of the level, is compared with a predefined threshold value TH, and a
presence of leakage is determined (estimated) based on the comparison. In
the example of fig 6, the magnitude of the present rate of change of the level
is determined, together with a confidence interval for the determination. For
the example implementation of fig 6, leakage may be determined to be

present when the present rate of change is determined to be negative
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(indicating a decreasing level) with a confidence of at least 99.7%. In the
example of fig 6, this occurs within 40s of the onset of the leakage, at the time
tL indicated in fig 6. Before this time, the rate of change of the level is
determined to be negative, but the confidence is not considered to be
sufficient. As is indicated in fig 4, the method then proceeds to step 108,
increments a counter and goes on to carry out a new monitoring operation in
the sequence. When a present negative rate of change of the level can be
determined with sufficient confidence, the method instead proceeds to step
109 and provides a signal indicative of detected leakage. The leakage
detection system 7 then continues to monitor as is schematically indicated in
fig 4. According to the example settings used to arrive at the result indicated
in fig 6, 40 monitoring operations per second were carried out. The monitoring
operations may be carried out at a lower or higher frequency and/or
irregularly. With a higher monitoring frequency, a reliable leakage detection
can be arrived at faster. It should be noted that it is not necessary to
determine the above-mentioned confidence, and/or to use a determined
confidence as a criterion for the leakage detection. For example, the leakage
determination may be carried out for a sufficiently long time that sufficient
confidence is always achieved, or the threshold TH may be adjusted to take
into account that the level of confidence may vary.

The person skilled in the art realizes that the present invention by no
means is limited to the preferred embodiments described above. On the
contrary, many modifications and variations are possible within the scope of
the appended claims.
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CLAIMS

1. A method of detecting leakage from a tank containing a product,
using a radar level gauge system comprising a transceiver, a propagation
device coupled to the transceiver, and processing circuitry coupled to the
transceiver, the method comprising the steps of:

performing a sequence of monitoring operations, each monitoring
operation including the steps of:

generating, by the transceiver, an electromagnetic transmit
signal exhibiting a time-varying frequency;

propagating, by the propagation device, the transmit signal
towards a surface of the product in the tank;

returning, by the propagation device, an electromagnetic
reflection signal resulting from reflection of the transmit signal at the surface
back towards the transceiver;

receiving, by the transceiver, the reflection signal;

forming, by the transceiver, an intermediate frequency signal for
the present monitoring operation based on the transmit signal and the
reflection signal,

determining, by the processing circuitry, a phase of the
intermediate frequency signal for the present monitoring operation;

determining, based on the phase of the intermediate frequency
signal for the present monitoring operation and the phase of the intermediate
frequency signal associated with at least one previous monitoring operation in
the sequence of monitoring operations, a measure indicative of a present rate
of change of the phase of the intermediate frequency signals for the
sequence of monitoring operations;

comparing the measure indicative of the present rate of change
of the phase with a predefined threshold value; and

determining a presence of leakage based on the comparison;
and

providing, when it is determined that leakage is present, a signal

indicative of detected leakage.
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2. The method according to claim 1, wherein the present rate of
change is determined only based on the present monitoring operation, and
previous monitoring operations carried out less than five minutes before the

present monitoring operation.

3. The method according to claim 1 or 2, wherein:
the method further comprises the step of repeatedly acquiring a

measure indicative of a rate of change of a temperature at the tank.

4. The method according to claim 3, wherein the determination of the
presence of leakage is additionally based on the rate of change of the

temperature at the tank.

5. The method according to claim 4, wherein the determination of the
presence of leakage is additionally based on the rate of change of the

temperature at the tank as a function of time.

6. The method according to any one of the preceding claims, wherein
the determination of the presence of leakage is additionally based on the
phase of the intermediate signal as a function of time, or the rate of change of
the phase of the intermediate signal as a function of time.

7. The method according to any one of the preceding claims, wherein
the monitoring operations are carried out with an average frequency of at

least one monitoring operation per second.

8. A leakage detection system, for detecting leakage from a tank
containing a product, the leakage detection system comprising:

a propagation device for propagating an electromagnetic transmit
signal towards a surface of the product in the tank, and returning an
electromagnetic reflection signal resulting from reflection of the transmit signal

at the surface of the product;
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a transceiver coupled to the propagation device for generating and
providing to the propagation device the transmit signal exhibiting a time-
varying frequency, receiving the reflection signal, and mixing the transmit
signal and the reflection signal to form an intermediate frequency signal; and

processing circuitry, coupled to the transceiver, and configured to:

determine a phase of the intermediate frequency signal formed
by the transceiver,

determine, based on the phase of the intermediate frequency
signal for a present monitoring operation and the phase of the intermediate
frequency signal associated with at least one previous monitoring operation, a
measure indicative of a present rate of change of the phase of the
intermediate frequency signals for a sequence of monitoring operations;

compare the measure indicative of the present rate of change of
the phase with a predefined threshold value;

determine a presence of leakage based on the comparison; and

provide, when it is determined that leakage is present, a signal

indicative of detected leakage.

9. The leakage detection system according to claim 8, wherein:

the leakage detection system further comprises a temperature sensor;
and

the processing circuitry is configured to repeatedly acquire a measure
indicative of a rate of change of a temperature at the tank.

10. The leakage detection system according to claim 9, wherein the
processing circuitry is configured to determine the presence of leakage
additionally based on the rate of change of the temperature at the tank.

11. The leakage detection system according to claim 10, wherein the
processing circuitry is configured to determine the presence of leakage is
additionally based on the rate of change of the temperature at the tank as a

function of time.
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12. The leakage detection system according to any one of claims 8
to 11, wherein the processing circuitry is configured to determine the
presence of leakage additionally based on the phase of the intermediate
signal as a function of time, and/or the rate of change of the phase of the

intermediate signal as a function of time.

13. The leakage detection system according to any one of claims 8
to 12, wherein the processing circuitry is configured to control the leakage
detection system to carry out monitoring operations with an average

frequency of at least one monitoring operation per second.
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