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Abstract. Experimental study of low-frequency dependence of the 
dielectric properties of gas hydrate in the process of growth and 
dissociation in the range 50- 1000 kHz is conducted. It is found that the 
dielectric loss tangent maximum value is observed at a frequency of 260 
kHz and depends on the amount of gas hydrate in the measuring cell. 
Comparison of degrees of gas-hydrate formations obtained by two 
independent methods (PVT-method and dielectric method) showed good 
agreement. It allows us to offer a simple method of controlling the process 
gas-hydrate formations in the pipes based the measurement of the dielectric 
loss tangent at a certain frequency. 

1 Introduction 
It is known that natural gas in certain thermodynamic conditions enter into combination 
with water to form hydrates, which are accumulating in the field and main pipelines, 
significantly increase its hydraulic resistance and hence reduce capacity. The problem of 
combating the hydrates formation becomes particularly important while developing 
deposits in Western Siberia and the Far North. Low temperatures and severe climate 
conditions in these areas provide favorable conditions for hydrate formation in wells and 
pipelines (see. Figure 1).  

For the destruction of hydrates accumulations, the method of applying electromagnetic 
waves of microwave range is very efficient [2]. For example, in [3] the results of field tests 
of this method at a special test section (length 16 m) flowline connected to one of the wells 
Efremovsky deposits of Kharkov GPU are shown. 

2 Object of research (model, process, configuration, synthesis, 
experimental part, etc.) 
Diversity of wells and pipes equipped for production and transportation of oil and gas 
requires the development of a number of fundamentally different methods and devices for 
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HF EMF actuation in pipes and wells, in which the different obstructions are formed.  
Depending on the design and parameters of wells and pipelines, it is necessary to choose a 
specific technological scheme of electromagnetic exposure and the necessary range of the 
electromagnetic equipment. However, their physical basis is made by transformation of 
electromagnetic energy part either in intertube space, or inside the tubes into heat due to the 
finite conductivity of pipes materials and dielectric losses of the area of filling intertube 
space and pipes. 

Fig. 1. Hydrate plug in the pipeline [1]. 

Researches [4], [5], [6], [7], [8], [9] are devoted to theoretical and experimental 
investigation of the dielectric properties of gas hydrates. However, these works mainly 
represent the results of researches in high-frequency electromagnetic field, where energy is 
converted to heat, sufficient for decomposition of gas hydrate.  

On the other hand, the electronic response to the impact of low frequency 
electromagnetic field of low power and gas hydrate can provide useful information about 
the beginning of the process of gas-hydrate formation in pipe, thus avoiding accidents and 
pipeline downtime. Furthermore, this information can quantify the degree of gas-hydrate 
formation, not destroying the formed gas hydrate.  

3 Methods 
The objective of this paper is to provide a method of control the gas hydrate formation 
process using dielectric method. 

Tasks: 
1. Experimental study of hydrate dielectric parameters in the process of its formation and 

dissociation in the low-frequency area from 50 to 1000 kHz and at low power of 
electromagnetic field.  

2. Studying the possibility of determining gas-hydrate formation beginning and measuring 
this process by means of a dielectric the parameters.  
Description of the experimental mechanism. Experimental studies were carried out at 

the mechanism, which block diagram is shown in Figure 2. The main part of the mechanism 
is gas hydrate thermostatic chamber (reactor-crystallizer) with controlled gas supply 
system, as well as temperature and pressure control measuring instruments. Mechanism is 
designed for a pressure of about 1.6 MP and temperatures down to -300C. The main 
element of mechanism is a reactor (6) of high pressure where gas hydrates are either formed 
or dissociate under controlled conditions.  Cylindrical condenser has a capacity about 88 
sm3. Reagent is placed and gas is pumped into it.  
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For the formation of hydrates in the reactor cell, it is necessary to maintain a certain 
range of temperatures and pressures. To modify and maintain the temperature thermostat 
KRIO-VT-01 is used (1). The pressure is maintained by means of the cylinder and valves 
(2, 12a, 12b). Pressure control is carried out with a sensor, which is attached to the reactor 
in a separate pipe. The temperature is monitored using a thermistor (5). After the 
experiment, the gas is vented from the system by opening the tap 12a, which also allows 
smoothen pressure release in the reactor for dissociation experiments. 

To study the dielectric parameters of gas hydrates, electric circuit is hermetically 
mounted in the mechanism, consisting of a capacitor of cylindrical shape (7), mounting 
wires and kumetra (11) - measuring the quality factor - all this in general is an oscillation 
circuit.  

The methodology of the experiment. In the experiments we used process water, as the 
hydrate-forming gas - propane. The stability of the hydrate formation process flow was 
supplied by maintaining temperature and pressure of certain conditions in reactor. In 
particular, in our experiments, the temperature was kept constant (1.60 C) and a pressure 
was pumped cyclically to a constant maximum value exceeding the equilibrium pressure of 
the gas - gas hydrate - water system, at a given temperature. One cycle lasted 24 hours. 
Detailed methodology of increase kinetics and dissociation of gas hydrate is described in 
research [10]. In this work, a methodology measuring the dielectric parameters of gas 
hydrate in the process of growth and dissociation is presented for the first time.  

Fig. 2. The block diagram of mechanism 
1 - thermostat KRIO-VT-01, 2 - a gas cylinder, 3 - cover of the heat exchanger, 4 - the first circuit of 
the heat exchanger, 5 - thermistor 6 - reactor 7 - cylindrical capacitor 8 - pressure sensor, 9 - 
multimeter 10 - power source for the pressure sensor, 11 - Qmetr, 12a, 12b - acicular valves for 
pressure control, 13 -reduktor. 
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The measurements of dielectric parameters were performed after each cycle using 
hydrate kumetra VM 560 in the range from 50 kHz to 1 MHz. Measuring the dielectric loss 
tangent ��(�) and dielectric permittivity � ′  were performed according to standard 
procedures [11].  In the jump of capacitance and quality factor of the oscillatory circuit, it 
can be judged on start of the formation of gas hydrate in the measuring cell. This 
determines the induction time of the beginning of the gas-hydrate formation and time of 
beginning measuring the dielectric parameters of gas hydrates. After the 1st cycle of 
hydrate formation, no signal was observed at kumetre, which is connected with the 
presence of significant amounts of liquid water and a small amount of gas hydrate in the 
measuring cell. After the second cycle of, the signal was reliably recorded. Since the 
temperature in the reactor is positive, and there is no ice in the measuring cell, the 
electromagnetic wave is mainly damping in gas hydrates. In subsequent cycles, with the 
accumulation of gas hydrate (dielectric) between the measuring capacitor plates, losses of 
electromagnetic energy are increasing. The greater the power dissipates in the dielectric, the 
larger the dielectric losses angle δ and the value of the function ��(�) are. Hence, can be 
judged not only on the presence of gas hydrate, but also its quantity at the value.  

In the process of measuring the oscillation circuit parameters, the gas hydrate formed in 
the measuring cell heats. As experts’ estimation shows, the rise in temperature must not 
exceed 0,8 °С  [11] - in this case, the condition of the existence of gas hydrate complies. 
Therefore, the question arises about the temperature change in the measuring cell during the 
dielectric measurements. Our estimates of temperature change at kumetra power VM 560 
and the length of the dielectric parameters measurements for 1.5 hours showed that the heat 
generated in the measuring cell (in the adiabatic approximation), is not enough to heat the 
gas hydrate even to decomposition temperature, not to mention the decomposition itself. 
Hence, gas hydrate decomposition does not occur in the dielectrical measurements.  

Calculation of the mass of the formed gas hydrate in a cycle was determined 
experimentally from the ideal gas equation (PTV-method) according to the formula:  

∆�	 =
∆
��
�

���
(1)

where ΔPi – pressure drop in a reactor during one cycle of hydrate formation, Pa, V – 
the volume of the reactor, R – the gas constant; T - reactor temperature, K; i – cycle 
number. 

The mole fraction of hydrating agent in gas hydrates:  

 � =
����

��

where υG-H –  the number of moles of gas, which passed into gas hydrate; υH –   the 
number of moles of gas hydrate. For propane, γ = 0.0555 [14]. 

4 Experiment Results and discussion  

Figure 3 shows photographs of gas hydrate grown in a cylindrical capacitor for 8 days 
(cycles).
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Fig. 3. Photos gas hydrate. 

Figure 4 shows the dependence of the dielectric loss tangent of the frequency and 
number of a cycle at growth and dissociation of propane gas hydrate. The graph shows that 
with the growth of gas hydrate from cycle to cycle, the dielectric loss tangent increases, 
while dissociation - decreases. The frequency at which the kumetre signal is maximum, 
depends on the scheme, and the oscillating circuit parameters used in the experiment. In our 
case, the frequency is f = 260 kHz.  

Experimentally obtained values of dielectric loss tangent of gas hydrate allow to judge 
the degree of hydrate formation α, which was determined experimentally, as the ratio of the 
dielectric loss tangent i-th cycle tg(δi) to the maximum tangent of the loss tg(δmax), where 
the water is completely converted to a gas hydrate: 

� =
��(��)

��(����)
(2)

In order to ensure consistency of the dielectric methods for quantifying the degree of 
gas-hydrate formation, it is necessary to compare it to another, independent from it, 
method. In this case, the simplest and most convenient method of comparison seems PVT 
method. Using the formula (1) we can calculate the degree of hydrate formation as:  

�∗ =
∑ ���!"

����
, (3)

where mi - the gas hydrate mass, formed after i-th cycle, mmax - the total mass of the 
formed gas hydrate. 

Figure 3 shows a comparison of dependencies of the degree on the time of hydrate 
formation obtained by two independent methods. It is clear from the graph, that the 
dielectric data are in good agreement with the results of the calculation by PVT method 
(difference does not exceed 10%).  
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Fig. 4. The dependence of the dielectric loss tangent on the frequency and numbers of cycle 
 in the formation and dissociation of gas hydrate. 

In practical application [16-22] of surface-dielectric sensor, "dangerous" in terms of the 
start of hydrate formation, pipe section can be determined by the method developed in [15].  

Fig. 5. The dependence of the degree hydrate formation on the time, obtained by two independent 
methods. 

5 Conclusion 
The results obtained allow offering a simple method of monitoring the gas hydrate 
formation process. This method is based on measuring the loss tangent at a certain 
frequency in the low frequency range of the electromagnetic field. The suggested method 
makes it possible to predict the time of safe operation of process equipment and avoid 
accidents.  
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