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Summary:

Methane hydrates is a critical occurrence in the oil and gas industry because it can potentially interrupt
the flow of pipelines. Monitoring the formation of hydrates is critical for decision-making leading to dam-
age control of blockages. To date large safety margins are applied in hydrates management which could
be optimized by proper monitoring, thus decreasing costs. Here we show that a straightforward imped-
ance-based measuring system can detect fluctuations in conductance and capacitance and correlate
them to the formation of ice in a tube. Ice has similar properties to hydrates and was therefore selected

as model substance in this study.
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mation.

Introduction

Hydrates blockages can be problematic in oil
and gas facilities. The presence of hydrates can
cause flow restrictions and permanent damage
to pipelines. Current hydrates management
strategies rely on large safety margins as well as
remediation strategies such as thermal heating
of pipelines of the injection of chemicals (so-
called hydrated inhibitors) [1]. In that sense, de-
tecting hydrates formation is essential for main-
taining safe conditions and/or decreasing costs
in oil and gas production. Since ice has similar
properties to hydrates, it was therefore selected
as model substance in this study.
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Fig. 1. Frequency-dependent (a) relative permittivity
and (b) conductivity of water and ice [2].
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The proposed measuring system works with the
changes in conductivity and relative permittivity
of water and ice to sense when solidification oc-
curs. The frequency dependence of the relative
permittivity and conductivity is shown in Fig. 1,
which is generated based on the models given
by [2]. Furthermore, some temperature depend-
encies of these electrical quantities can be seen.
The region of analysis of relative permittivity was
MHz, and conductivity was kHz.

Measuring system

The experimental setup depicted in Fig. 2(a)
consists of a pipe section with four ring-shape
sensors (1). The impedance-based measuring
system (indicated by RC sensor) (3), was ap-
plied to measure the conductance and capaci-
tance during ice formation. A computer (4) was
used to monitor in real-time the electrical param-
eters measured by the sensor and temperature.
The temperature sensor (5) was placed inside
the pipe, and the control of temperature until the
solidification of water was done by inserting the
pipe inside a chiller (6).

A photograph of the system is shown in Fig. 2(b).
The pipe was built as an apparatus consisting of
a two-inch pipe (1); inside the pipe, it had two
pairs of ring-shaped sensors with the same di-
ameter. The sensors were placed to form a non-
intrusive measurement. The ring-shaped is a
pair of parallel electrodes with a ring geometry
well-established to characterize flow patterns [3].
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The electrodes support the RC sensor in sensing
changes in electrical parameters (conductance
and capacitance). The impedance-based meas-
uring system has two independent circuits which
determine conductance (by an opamp-based I-V
method) and capacitance (by a capacitance-to-
digital IC). To control and monitor the parame-
ters of the RC sensor, a proprietary software was
used (4) to display in real-time visualize the
measurements. Furthermore, a temperature
data logger was also applied based on the type
K thermocouple. The precise temperature con-
trol was realized by the chiller.

Fig. 2. Measurement system. (a) Experimental
setup (b) photograph of the system.

Ice formation

The ice formation process (Fig. 3), with the pipe
full of water, started when (t = 0 s) with setting
the bath to -10 °C. At this time, the temperature
inside the pipe was 7 °C (the thermocouple has
a nominal uncertainty 1 °C tolerance). As the
temperature of the water inside the pipe is higher
than the temperature of the bath, heat is trans-
ferred from the water inside the pipe to the fluid
in the bath; for that reason, the temperature in-
side the pipe starts to fall. As temperature de-
creases, changes in normalized conductance
and normalized capacitance occur — this was ex-
pected for the dependency of these electrical pa-
rameters over temperature (see [4, 5]). The con-
ductivity of water decreases with the tempera-
ture; this change in this parameter causes a de-
crease in the conductance measured.

On the other hand, the permittivity of the water
increases as the temperature decay — as noted
in Fig. 1(a). These higher permittivity values in-
crease the capacitance measured. These be-
haviors are in good agreement with [2]. The tem-
perature inside the pipe decreases until -3 °C.
Although the freezing temperature of the water is
close to 0 °C, the water rarely freezes when it
hits this temperature; that is the well-known su-
percooling principle [5]. At the time t = 01:15:00,
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the temperature abruptly changes from -3 °C to
0 °C. This is when nucleation occurs, and that
ice begins to form. A rising in temperature char-
acterizes this stage due to latent heat being re-
leased by the ice crystal absorbed by water.
When ice is formed, steep fluctuations in con-
ductance and capacitance are noticed. Both nor-
malized conductance and capacitance decrease
due to the conductivity and relative permittivity of
ice is lower than water, thus being a good indi-
cator for ice formation.

RN
NPT

K

°

©
A
NI
o
N
>
a

% 9 9y 9
T T T T
o

o
o % %
T

1 or oF

Pl of AF
Q‘a

ol o

. . . .
A et o

o7 ¥ 00:00:00.000 00:15:00.000 00:30:00.000 0045:00.000 01:00:00.000 01:15:00.000

Time Is!

Fig. 3. Ice formation from fresh water.

Conclusion

An impedance-based measuring system was
developed and tested to monitor the ice for-
mation process. The system was capable of de-
tecting conductance and capacitance variations
that were correlated to the solidification of water.
Hydrates is expected to behave similarly and will
be studied in the next research phase.
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