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АННОТАЦИЯ 

В данной дипломной работе выполняется анализ борьбы с образованием 

гидратов при транспортировке природных газов на месторождении Х.  

Цель дипломной работы: подбор эффективного метода для 

предотвращения образования гидратов при транспортировке природных газов на 

месторождении Х.  Для выполнения задачи предложены следующие шаги: 

1. Рассмотреть общие методы борьбы с гидратообразованием;  

2. Подобрать эффективный метод для предупреждения образования 

гидратов на месторождении Х;  

3. Экономически и технологически обосновать выбранный метод для 

борьбы с гидратообразованием.  

Объект исследования: системы транспортировки газа на месторождении Х.  

Актуальность работы заключается в том, что месторождение Х 

расположено в области, способствующей образованию гидратов.  
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АННОТАЦИЯ 

Бұл дипломдық жұмыста Х кен орнында табиғи газдарды тасымалдау 

кезінде гидраттардың пайда болуымен күреске талдау жасалады. 

Дипломдық жұмыстың мақсаты: Х кен орнында табиғи газдарды 

тасымалдау кезінде гидраттардың пайда болуын болдырмаудың тиімді әдісін 

таңдау. тапсырманы орындау үшін келесі қадамдар ұсынылады: 

1. Гидраттың пайда болуымен күресудің жалпы әдістерін 

қарастырыңыз; 

2. Х кен орнындағы гидраттардың алдын алу және жою үшін тиімді 

әдістемені таңдау; 

3. Гидраттың пайда болуымен күресудің таңдалған әдісін 

экономикалық және технологиялық тұрғыдан негіздеу. 

Зерттеу нысаны: кен орнындағы газды тасымалдау жүйесі Х. 

Жұмыстың өзектілігі Х кен орны гидраттардың пайда болуына ықпал 

ететін аймақта орналасқандығында. 
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ABSTRACT 

In this diploma work, the analysis of the fight against the formation of hydrates 

during the transportation of natural gases at the X field. 

The purpose of the diploma work: the selection of an effective method for 

preventing the formation of hydrates during the transportation of natural gases in the 

field X. To complete the task, the following steps are proposed: 

1. Consider general methods of combating hydrate formation; 

2. Choose an effective method for the prevention of hydrates in the X field; 

3. Economically and technologically justify the chosen method for 

combating hydrate formation. 

Object of research: gas transportation systems at field X.  

The relevance of the work lies in the fact that the X field is located in an area 

that promotes the formation of hydrates. 
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INTRODUCTION 

The processes of gas production, transportation, storage and processing are 

involved in the formation of gas hydrates. This problem is due to the presence in the 

gas stream of an aqueous phase capable of forming composites and gas molecules at a 

given temperature and pressure in the pipeline. This process can affect the physical and 

chemical properties of water and gas. The formation of hydrate deposits in the 

discharge zone under the reservoir affects the flow rate of the well, i.e. it decreases. 

Particular attention is paid to the preparation of gas vehicles on the main gas pipeline, 

as well as in areas with high average flow rates. Hydrate formation partially or 

completely impedes the flow of the pipe, resulting in high pressure zones in the pipe. 

By pushing the cap of hydrogenated gas into the gas distribution station, it is possible 

to create conditions for dynamic gas shock, which is one of the mechanisms of rapid 

rupture of the pipe. 

Conventional hydrates cause serious difficulties in the operation of gas fields 

and even major accidents. Currently, the prevention of these complications is a 

scientific, technical and industrial issue. To date, the conditions of formation and 

degradation of hydrate compounds have been studied in detail. The values of 

temperature and pressure can be explained by the probability of hydrate formation. 

Various models of hydration formation mechanisms are proposed, hydration flow rates 

under different conditions are studied, factors influencing hydration formation rate, 

methods of temperature and pressure calculation in gases, liquids and gas-liquid 

mixtures in pipes are determined, as hydrated growth rates develop. The basis of a 

method of struggle against formation of hydrates which can be used under certain 

conditions is stated. The costs of oil and gas companies to prevent and control hydrated 

gas congestion are an important part of field operations and transportation costs for 

gas. Therefore, many mining companies in the oil and gas industry prefer to prevent 

the formation of hydrates in field gas production systems and reduce management costs 

for further gas transportation. 
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1 General information about the X field 

1.1 Location of field X 

The X deposit is administratively located in the Beineu district of the Mangistau 

region of the Republic of Kazakhstan. The work area is located in the southeastern side 

zone of the Caspian Basin. 

The nearest settlement to the deposits is the regional center Beineu. The regional 

center - Aktau - is located 530 km southwest of the fields. The nearest railway station 

is St. Supporting. The close proximity to the well-equipped oil fields Prorva, Tengiz, 

Kisimbai, as well as to the railway line creates favorable conditions for the 

development of deposits. 

The relief of the area is calm, a slight increase in heights occurs from south to 

north and southwest to northeast. 

The climate of the region is sharply continental and is characterized by 

significant fluctuations in seasonal temperatures. In the winter season, the air 

temperature drops to minus 25˚C – minus 40˚C, in the summer, the temperature ranges 

from + 25˚C to + 50˚C. The amount of annual precipitation does not exceed 150 mm 

per year and mainly falls in the autumn-winter period. The winds are predominantly 

southeast and northwest, the wind speed is from 5 to 15 m/s. 

1.2 Natural and climatic conditions 

The climate of the region is sharply continental and arid. It is characterized by a 

cold winter with a stable snow cover and a relatively short, moderate hot summer, large 

annual and daily fluctuations in air temperature, late spring and early autumn frosts, 

constantly blowing winds. 

In orographic terms, the area of work is a hilly desert area, covered in places 

with unfixed dune sands up to 3 m high. Absolute marks on the area vary within 20-25 

m. 

According to the "Center for Hydrometeorological Monitoring" of the RSE 

"Kazhydromet", climatic characteristics for the area of field X in the Beineu district of 

the Mangistau region are presented in tables 1 - 4 according to the observations at the 

nearest meteorological station Beineu for the period from 1986 to 2010. 

Table 1.2.1 - Average monthly and average annual air temperature (degrees ˚C) 
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Table 1.2.2 - Average monthly and average annual precipitation, mm 

 

Table 1.2.3 - Average monthly and average annual wind speeds, m/s 

 

Table 1.2.4 - Average annual frequency (%) of wind and calm directions 

 

 

Figure 1.2.1 - Wind rose for 2010 in Beineu region 
 

1.3 Thermobaric characteristic 

For the Jurassic aquatic complex is characterized by a great formation 

temperature of 88-91 ˚C. Values of reservoir pressures vary from 35.3 to 38 MPa.  

For the Triassic aquifer complex, the formation layer temperature reaches 112 

˚C, the formation pressure - 46.8 MPa. 

According to the Figure 2, the thermogradient and the vertical gradient of the 

formation pressure are calculated. The magnitude of the thermogradient is quite 

significant and is 3.2 ˚C/100 m, the value of the geothermal step is 31.25 m/s. The 

vertical gradient of the formation pressure is equal to 0.011 MPa/m or 1.1 MPa/100 m, 

which is typical for infiltration systems. 
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Figure 1.3.1 - Schedule of changes in formation pressure from the depths at the 

X field 
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2 Theoretical part  

When transporting natural gas, the essential main task is to prevent the formation 

of hydrates during operation. In many underground pipelines, the soil temperature is 

close to 0 °C. It provides ideal conditions for compressed hydrocarbon gas and water 

to form hydrates, these hydrate plugs resemble snow or ice. Deeper depth increases the 

higher working pressure in the production lines. 

Hydrates clog equipment and pose a safety hazard, creating plugs that look like 

snow or ice. Based on the above, it is necessary to understand where clogging of any 

type of hydrates is possible. The main task that is performed in the flow support area 

is to set a" no contact time " (NCT) for the field. NCT is the time when liquids can stop 

on production lines until the hydrate is formed and the system is safely restarted. The 

temperature of the production lines to reach the temperature at which the hydrate is 

formed during the working pressure in the production lines is called the "cool down" 

period. The quantitative difference between the temperature of hydrate formation and 

the actual temperature of liquids in the pipeline is called "sub cooling". If the system 

remains stable during a long cooling period and outside the NCT, it usually requires 

depressurization (for hydrate dissociation) or circulation of hot liquids, which can take 

a long time. [1] 

2.1 General characteristics of natural gas hydrates 

Natural gas, saturated with water vapor at high pressure and a certain positive 

temperature, forms solid compounds with water, called hydrates. 

The formation of hydrates is a problem in the development of fields with low 

reservoir temperatures and harsh climatic conditions, which create favorable 

conditions for the formation of hydrates not only in wells and gas pipelines, but also in 

reservoirs, which leads to the formation of deposits of gas hydrates. 

Natural gas hydrates are unstable physicochemical compounds of water with 

hydrocarbons that decompose into gas and water when the temperature rises or the 

pressure drops. Outwardly, they resemble snow or ice. 

Hydrates are clathrate compounds because the lattice structure is formed by gas 

molecules containing water molecules. The three most common hydrates are SI, SII 

and SH. [1]  

In Figure 2.1.1 shows the shape of these structures. [1] 
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Figure 2.1.1 – Exemplification of the three main hydrate unit crystals (SI, SII. 

SH) and their composite cells 

The oil and gas industry often faces problems related to the structures of SII 

hydrates. [1] 

Hydrates resemble snow or ice.  Figure 2.1.2 shows two cases, how hydrate is 

represented. In the first case, the hydrate is similar to snow, the same loose, porous and 

less dense, while in the second case, the hydrate formed into a cork similar to ice, very 

strong, with little porosity and much denser. [2]

 

Figure 2.1.2 – Physical characteristics of hydrates
 

2.2 Conditions of hydrate formation 

The formation of a hydrate requires the following three conditions: 

1. Favorable thermobaric conditions. The formation of hydrates is favored by a 

combination of low temperature and high pressure; 

2. The presence of a hydrate-forming substance (methane, ethane, carbon 

dioxide); 
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3. Adequate amount of water. There should not be too much water, or too little. 

To prevent hydrate formation, it is sufficient to exclude one of the three 

conditions listed above. We cannot remove the hydrate-forming substance from the 

mixture, since it is the hydrate-forming substances in natural gas that are the useful 

product. [3] 

2.3 Effective methods to prevent and eliminate the formation of hydrates 

during the transportation of natural gases 

To prevent the formation of hydrates, it is necessary to exclude one of the basic 

conditions for the existence of hydrates: high pressure, low temperature, or free 

humidity of the gas. Accordingly, the prevention of hydrate formation is carried out by 

introducing inhibitors into the gas stream, drying the gas from water vapor, maintaining 

the gas temperature above the hydrate formation temperature and maintaining the 

pressure below the hydrate formation pressure.  

2.3.1 Elimination of hydrates by pressure reduction 

The pressure reduction method is widely used to remove the formed hydrates in 

the wellbore, in field and main gas pipelines, where the temperature as a result of 

hydrate decomposition does not drop below 0˚C. For this, the section of the gas pipeline 

on which the hydrates have formed is turned off, and gas is released into the atmosphere 

through the purge plugs. Decay products are blown out through one of the candles. 

After that, the section is put into operation again. This procedure can also be carried 

out by a one-way discharge of gas from a gas pipeline. [3] 

2.3.2 Elimination of hydrates by heating 

The heating method is used on short gas pipelines to decompose already formed 

hydrates or to prevent the formation of hydrates in places of gas depletion. The gas is 

heated in the heat points by open fire, steam, water or other heat carriers. [3] 

2.3.3 Inhibitor injection 

The most effective method of preventing hydrate deposits is the method of 

introducing inhibitors into the gas flow. In practice, electrolytes, alcohols and glycols 

are often used as inhibitors. By dissolving in gas-containing water, inhibitors reduce 

the pressure of water vapor. In addition, if hydrates are formed, then at a low 

temperature. The introduction of inhibitors with already formed hydrates reduces the 

water vapor pressure and alters the balance in the hydrate - water system. The plasticity 

of water vapor in hydrates is greater than in aqueous solution, leading to its 

decomposition. Methanol, calcium chloride, diethylene glycol, etc. are often used as 

inhibitors. In some cases, combined inhibitors of several substances are also used. This 

includes a mixture of glycolic methanol and butyl octane. [3] 
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A hydrate formation inhibitor is a substance that alters the thermobaric 

conditions of hydrate formation or affects the rate of hydrate formation in a gas-liquid 

stream.  

An increase in the pressure drop in the pipeline section indicates the formation 

of a hydrate plug. If an intermittent plug or solid plugs of small length are formed, 

hydrate plugs are eliminated by introducing an inhibitor into the pipeline through 

special nozzles, pressure gauge fittings, or through a purge plug. 

When forming a plug with a length of up to several hundred meters above its 

place in the pipe, several windows are cut out for the introduction of an inhibitor, after 

which the pipe is welded again. The combined method is also used for faster 

decomposition of hydrate plugs. 

Basic requirements for inhibitors of hydrate formation: 

- Low corrosiveness of hydrate inhibitor; 

- Low consumption of inhibitor; 

- Low toxicity; 

- Compatibility of the inhibitor with formation saline water, produced 

products (oil/gas/condensate) and with other reagents in the development of 

multipurpose formulations; 

- Possibility and feasibility of regeneration of waste solutions; 

- Low freezing point and the ability to use at high reservoir pressures. 

Hydrate inhibitors divided into two classes: 

1. Thermodynamic inhibitors - substances that change the activity of water and 

thereby shift the three-phase equilibrium "gas-water phase-gas hydrates" towards 

lower temperatures. These include aliphatic alcohols, glycols and aqueous solutions of 

inorganic salts; 

2. Kinetic inhibitors - prevent for some time the process of nucleation of hydrates 

and slow down the growth of viable crystallization centers. 
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Table 2.3.3.1 – The types of thermodynamic hydrate inhibitors 

Thermodynamic 

hydrate inhibitors 
Benefits Disadvantages Resume 

Aqueous solutions of 

electrolytes (for 

economic reasons, 

an aqueous solution 

of KCl 25% is used) 

1.high antihydrate 

activity; 

2.cheapness of 

technical grades; 

3.simplicity of 

solution 

preparation; 

4.non-toxicity. 

  

1.very high corrosive 

activity; 

2.the possibility of 

sedimentation when 

mixing with formation 

saline water; the need 

for a special unit for 

the preparation of a 

working agent. 

  

The use of these 

inhibitors in the northern 

regions at large fields 

seems to be low-tech due 

to the climatic factor and 

the peculiarities of the 

production technology. 

Glycol-based 

antihydrate reagents 

(the most widely 

used is diethylene 

glycol, which is also 

used as an absorbent 

in gas drying. 

Diethylene glycol is 

an effective inhibitor 

of hydrate 

formation) 

1.low solubility in 

the gas phase. 

 

1.high price; 

2.technological 

difficulties when 

separating diethylene 

glycol emulsion with 

unstable condensate; 

3.high viscosity; 

4.high crystallization 

temperature, which 

complicates the use in 

northern conditions. 

  

In order to reduce the 

cost of the composition, 

inhibitors have been 

developed, consisting of 

a large number of 

different glycols, such as 

polyglycol, ethylene 

glycol, propylene glycol, 

etc. Due to the properties 

of these inhibitors, they 

are best used in the stages 

of gas drying and 

cooling. 

Methanol and some 

compounds based on 

it. (the use of 

methanol-based 

inhibitors is 

widespread in the 

fields to prevent 

hydrate formation 

and eliminate 

hydrate deposits) 

 

1.relatively low 

cost and broad 

industrial base; 

high 

manufacturability 

of the process of 

introducing and 

distributing 

methanol; 

2.the highest 

antihydrate 

activity, which 

remains even at 

low temperatures; 

1.high toxicity and 

fire hazard; 

2.possible 

precipitation of salts 

when mixed with 

highly saline 

formation water; 

3.the effect of 

accelerated growth of 

crystalline hydrates in 

the presence of dilute 

aqueous solutions of 

methanol with 

insufficient 
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3.very low 

freezing point of 

methanol 

solutions and their 

low viscosity; 

4.relatively low 

solubility of 

methanol in 

unstable 

condensate; 

5.non-

corrosiveness of 

methanol and its 

aqueous solutions; 

the possibility of 

using technical 

grades of 

methanol; 

6.availability of 

simple 

technological 

schemes for the 

regeneration of 

waste solutions; 

7.elaboration of 

the issues of 

utilization and 

disposal of 

industrial 

effluents 

containing 

methanol; 

8.high efficiency 

of liquidation of 

discontinuous 

hydrate plugs. 

 

concentration to 

prevent hydrates; at 

insufficient 

concentration, 

methanol becomes not 

an inhibitor, but a 

catalyst for hydrate 

formation; 

4.high vapor pressure 

as well as very high 

solubility in 

compressed natural 

gas. 
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Table 2.3.3.2 - The types of kinetic inhibitors 

Kinetic inhibitors Benefits Disadvantages 

Water-soluble polymers of 

low molecular weight (500-

1000) with a concentration 

of 0.5-1 wt. %. 

1.reduction of operating 

costs; 

2.a higher level of 

environmental friendliness; 

3.no need to regenerate 

waste solutions; 

4.the possibility of 

retrofitting existing 

methanol injection systems; 

5.reducing the cost of 

transport and storage of 

inhibitors. 

 

1.restrictions on the 

viscosity of the solution, so 

the concentration should not 

exceed 2%; 

2.the freezing point of the 

solution is close to 0˚С, 

which also limits the 

application; 

3.compatibility with 

formation brine and unstable 

condensate; 

4.insufficient reliability of 

the inhibition approach. 

 

 

Elimination of hydrates by pressure reduction and heating methods have not 

found much application in practice, in contrast to the use of inhibitors. Therefore, 

below we will consider in more detail the chemical methods. 
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3 Technological part 

The gas-condensate mixture of the X field has an increased content of hydrogen 

sulfide and carbon dioxide, which contributes to the formation of hydrate deposits. the 

formation of hydrates is facilitated by the presence of hydrogen sulfide (up to 1.84 %) 

and carbon dioxide (up to 2.17%) in the gas composition, which at a pressure of 0.86 

MPa and at a temperature of 21.1°C, when combined with water, can form solid 

crystalline compounds — gas hydrates. Light hydrocarbons, especially methane, 

account for a high proportion of the component composition. The predominance of 

methane and its homologues contributes to an increase in the amount of gas condensate 

in the reservoir. According to the group hydrocarbon composition, the condensate is 

referred to the methanonaphthenic type with the content of methane hydrocarbons in 

the boiling fraction up to 300 °C from 53% of the mass. up to 66% of the mass., 

naphthenic - 27-37% of the mass. and aromatic 4.0-6.5% of the mass. 

Table 3.1 - Component composition of the gas-condensate mixture 
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As mentioned earlier, physical and technological methods have not found wide 

application in practice, in contrast to the use of inhibitors. Therefore, the method of 

introducing thermodynamic inhibitors was proposed as an effective method for 

preventing hydrate formation. 

In order to confirm the effectiveness of the use of inhibitors in the fight against 

hydrate formation, 3 pilot tests were carried out at field X using two prototypes 

(hereinafter reagent №1 and reagent №2). 

The purpose of the pilot tests is to confirm the fundamental possibility of using 

reagents №1 and №2 as inhibitors to ensure uninterrupted fluid transportation. 

3.1 Pilot test №1 of reagent №1 

The tests were carried out from June 27 to July 27, 2010 in the gas utilization 

department (GUD) and gas compressor unit (GCU). 

Brief description of the gas utilization department (GUD) (Figure 3.1.1): 

 The gas-liquid mixture from satellites 1, 2, 3 at a temperature of 30-40 °C enters 

a three-phase separator with a volume of 100 m3, where oil, gas and water are separated 

from each other at a pressure of 6 atm. Oil and water are sent to the oil pumping 

preparation department (OPPD). The separated gas, leaving the separator, is combined 

with gas from the oil pumping preparation department (OPPD) and sent to booster 

compressors 2A and 2B, compressing to 30 atm. Then the gas passes through the 

droplet separators 11A and 11B, where it is separated from the condensate, and is sent 

to a 50 m3 gas-liquid separator, separating from the condensate at a pressure of 30 atm. 

At the same pressure, gas is supplied to the separator inlet from the gas utilization 

department (GUD). Further, from 50 m3 of the separator, gas goes to booster 

compressors 3A and 3B, where it is compressed to 140 atm (max.), and through the 

gas distribution point (GDP) it is injected into wells №401, 404, 405, 406, 415 and 416. 

A reagent dosing block (RDB) is installed at the outlet of compressors 3A and 3B, 

where the hydrate inhibitor is pumped on average - 200 kg/day, to prevent the 

formation of hydrates on the injection line.  

Gas from the gas compressor unit (GCU) is injected only into well №401. 

(Figure 3.1.2) At the outlet of the gas compressor unit (GCU), a mobile dosing unit 

(MDU) is installed, which doses the inhibitor of hydrate formation on average 50 

kg/day. The effectiveness of the inhibitor is determined by the increase/decrease in 

pressure at the gas distribution point (GDP), which is checked every two hours. The 

reasons for the pressure increase can be the maintenance work of the equipment carried 

out during the pilot tests, the volume of produced/injected gas, the injectivity of the 

wells, insufficient dosage of the reagent, etc. 
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Figure 3.1.1 - Scheme of the gas utilization department 
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Figure 3.1.2 - Scheme of reagent supply to the gas compressor unit of the oil 

pumping preparation department of the field X 

1 - gas cleaner (mini-separator) of the 1st stage; 2 - 1st stage of compression; 3 

- cooling radiator; 4 - gas cleaner (mini-separator) of the 2nd stage; 5 - 2nd stage of 

compression; 6 - gas cleaner (mini-separator) of the 3rd stage; 7 - 3rd stage of 

compression 

During the tests, the reagent №1 remover of hydrate sediments was dosed 

continuously. The pressure readings in the experimental section of the pipeline were 

monitored continuously. During the test, reagent №1 was pumped in at a dosage below 

the level of the base chemical (Table A.1). According to the readings of the pressure 

gauges on the experimental section of the pipeline, the dosage of the reagent was varied 

until the optimal dosage was determined under summer conditions, on average 0.26 

g/m3 (Table A.1). The effectiveness of the use of reagent №1 was determined by 

comparing the readings of the pressure gauges of the experimental section of the 

pipeline obtained during the tests, with the readings of the pressure gauges of the same 

pipeline before the use of the reagent №1. 

Below is the dosage schedule of reagents in the gas utilization department of 

field X for June and July of the current year. As can be seen from the above graph, the 

dosage of the reagent hydrate remover №1 is lower than that of the applied reagent, 

while the pressure remained stable. (Figure 3.1.3)  

According to the readings of the pressure gauges at the gas distribution point, it 

can be concluded that the pressure on the injection line after the use of reagent №1 

remained no higher than 100 bar, which indicates the stability of the gas injection 

system. (Figure 3.1.4) 

In Figure 3.1.5 shows the dependence of the pressures at the outlet of the gas 

utilization department on the consumption of reagents. 

Dosing pump 
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Figure 3.1.3 - Dosages of reagents in the gas utilization department from 01.06.10 to 24.07.10 
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Figure 3.1.4 - Pressure readings on the manifold for the period of the pilot test from 27.06.10 to 24.07.10. 

 

70

75

80

85

90

95

100

105
P

re
ss

u
re

, 
b
ar

Time, day

Pressure readings on the manifold for the period from 27.06.10 to 24.07.10

Reagent №1



30 
 

 

Figure 3.1.5 - Dependence of pressures on reagent consumption in the gas utilization department from 01.06.10 to 

27.07.10. 
 

0

10

20

30

40

50

60

70

80

90

100

110

120

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680

0
1
.0

6
.2

0
1
0

0
2
.0

6
.2

0
1
0

0
3
.0

6
.2

0
1
0

0
4
.0

6
.2

0
1
0

0
5
.0

6
.2

0
1
0

0
6
.0

6
.2

0
1
0

0
7
.0

6
.2

0
1
0

0
8
.0

6
.2

0
1
0

0
9
.0

6
.2

0
1
0

1
0
.0

6
.2

0
1
0

1
1
.0

6
.2

0
1
0

1
2
.0

6
.2

0
1
0

1
3
.0

6
.2

0
1
0

1
4
.0

6
.2

0
1
0

1
5
.0

6
.2

0
1
0

1
6
.0

6
.2

0
1
0

1
7
.0

6
.2

0
1
0

1
8
.0

6
.2

0
1
0

1
9
.0

6
.2

0
1
0

2
0
.0

6
.2

0
1
0

2
1
.0

6
.2

0
1
0

2
2
.0

6
.2

0
1
0

2
3
.0

6
.2

0
1
0

2
4
.0

6
.2

0
1
0

2
5
.0

6
.2

0
1
0

2
6
.0

6
.2

0
1
0

2
7
.0

6
.2

0
1
0

2
8
.0

6
.2

0
1
0

2
9
.0

6
.2

0
1
0

3
0
.0

6
.2

0
1
0

0
1
.0

7
.2

0
1
0

0
2
.0

7
.2

0
1
0

0
3
.0

7
.2

0
1
0

0
4
.0

7
.2

0
1
0

0
5
.0

7
.2

0
1
0

0
6
.0

7
.2

0
1
0

0
7
.0

7
.2

0
1
0

0
8
.0

7
.2

0
1
0

0
9
.0

7
.2

0
1
0

1
0
.0

7
.2

0
1
0

1
1
.0

7
.2

0
1
0

1
2
.0

7
.2

0
1
0

1
3
.0

7
.2

0
1
0

1
4
.0

7
.2

0
1
0

1
5
.0

7
.2

0
1
0

1
6
.0

7
.2

0
1
0

1
7
.0

7
.2

0
1
0

1
8
.0

7
.2

0
1
0

1
9
.0

7
.2

0
1
0

2
0
.0

7
.2

0
1
0

2
1
.0

7
.2

0
1
0

2
2
.0

7
.2

0
1
0

2
3
.0

7
.2

0
1
0

2
4
.0

7
.2

0
1
0

P
re

ss
u
re

, 
b
ar

R
ea

g
en

t 
co

n
su

m
p
ti

o
n
, 

k
g
/d

ay

Time, day

Dependence of pressures on reagent consumption in the gas utilization department from 

01.06.10 to 24.07.10.

Basic reagent consumption Consumption of reagent №1
Pressure at the gas distribution point with the basic reagent Pressure at the gas distribution point with reagent №1

Change of reagent

Start of pilot test №1



31 
 

 

Figure 3.1.6 - Pressure readings at the outlet of the gas compressor unit during the pilot test from 27.06.10 to 24.07.10. 

80

85

90

95

100

105

110

115

120

2
7
.0

6
.2

0
1
0

2
8
.0

6
.2

0
1
0

2
9
.0

6
.2

0
1
0

3
0
.0

6
.2

0
1
0

0
1
.0

7
.2

0
1
0

0
2
.0

7
.2

0
1
0

0
3
.0

7
.2

0
1
0

0
4
.0

7
.2

0
1
0

0
5
.0

7
.2

0
1
0

0
6
.0

7
.2

0
1
0

0
7
.0

7
.2

0
1
0

0
8
.0

7
.2

0
1
0

0
9
.0

7
.2

0
1
0

1
0
.0

7
.2

0
1
0

1
1
.0

7
.2

0
1
0

1
2
.0

7
.2

0
1
0

1
3
.0

7
.2

0
1
0

1
4
.0

7
.2

0
1
0

1
5
.0

7
.2

0
1
0

1
6
.0

7
.2

0
1
0

1
7
.0

7
.2

0
1
0

1
8
.0

7
.2

0
1
0

1
9
.0

7
.2

0
1
0

2
0
.0

7
.2

0
1
0

2
1
.0

7
.2

0
1
0

2
2
.0

7
.2

0
1
0

2
3
.0

7
.2

0
1
0

2
4
.0

7
.2

0
1
0

P
re

ss
u
re

, 
b
ar

Time, day

Pressure readings at the outlet of the gas compressor unit from 27.06.10 to 24.07.10.

Pressure at the outlet of the gas compressor unit with reagent №1



32 
 

    From Figure 3.1.6, it is obvious that the pressure on the injection line after the 

application of reagent №1 remained unchanged, which indicates the stability of the gas 

injection system. 

3.2 Pilot test №2 of reagent №2 

Basic physical and chemical parameters of reagent №2: 

1. Appearance - transparent homogeneous liquid from yellowish to yellow, 

odorless. 

2. The density of the inhibitor at 20˚C is within 1200-1300 kg/m3. 

3. Kinematic viscosity at minus 5˚С 6-8 cSt. 

4. Dynamic viscosity at minus 5˚С 7.2-10.4 cPs. 

5. The corrosion rate at 50˚C is not more than 0.05 mm/year, thus, the 

inhibitor not only prevents hydrate formation, but also provides anticorrosive 

protection. 

6. Indicator of activity of hydrogen ions (pH) 7-9. 

7. The pour point is not higher than minus 50˚С - (minus 65˚С). 

8. Hazard class -3. 

9. The main components of the inhibitor are inorganic salts (chlorides), 

which do not affect organic materials. 

10. Some components of the inhibitor can dissolve in TEG (for example, 

calcium chloride), do not mix with oil (separation occurs with the formation of two 

liquid phases, no emulsion is formed). 

11. The components of the inhibitor do not mix with the wells produced 

(delamination occurs with the formation of two liquid phases; no emulsion is formed). 

12. Does not interact with gas condensate and greasy gases, does not form 

emulsions. 

13. The normal boiling point of the inhibitor is 110-115˚C. There is no 

cloudiness, precipitation or decomposition. 

14. Highly effective for reducing the equilibrium temperature of hydrate and 

ice formation of the gas stream. 

15. Fire and explosion proof. 

16. Non-toxic. 

17. The spent inhibitor solution is suitable for regeneration. 
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18. Does not have a significant impact on the environment. 

19. Suitable for use in cold climates. 

20. Compatible with methanol in any proportion. 

21. Does not require special storage and transportation conditions. 

22. There is a possibility of organizing local production of the inhibitor near 

the fields. 

The date of the pilot study is from March 23 to April 10, 2017. 

The object of testing, according to the required thermobaric conditions, was the 

connection node of the field X, the diagram is shown in Figure 3.2.1 

 

Figure 3.2.1 - Connection node for field X 

 

Based on the provided initial data of the connection node, the maximum flow 

rates of the supplied reagents for inhibition were calculated: for methanol it was 36.6 

l/h, for reagent composition №2 - 13.5 l/h. On the basis of the developed schedule, the 

supply of reagent №2 was periodically changed, starting from 35 l/h with a further 

decrease to 15 l/h (minimum limitation of the pumping unit supply). During the entire 

test period, the parameters of the equipment were recorded. 
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Figure 3.2.2 shows the average actual and calculated inhibitor consumption 

based on test results. 
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Figure 3.2.2 - Actual and calculated consumption of the inhibitor during the pilot test from 23.03.17 to 10.04.17. 
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3.3 Pilot test №3 of reagent №2 

Pilot test task: 

Determination of the effective flow rate and technology (flow rate, holding time) 

of the use of reagent №2, allowing to ensure uninterrupted transportation of liquid; 

The timing of the tests is from 22.11.2017 to 24.12.2017. 

Test object: 

Gas production well X, complicated by the formation of hydrates in field X, was 

selected for testing, and a constant supply of methanol is used to inhibit it. 

 

Figure 3.3.1 - Scheme of the inhibitor supply 
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During a pilot test, a minimum temperature of minus 20˚С was recorded. 

Based on the provided initial data of the experimental-industrial test object, the 

maximum flow rates of the supplied reagents for inhibition were calculated: for 

methanol it was 25 l/h (600 l/day), for reagent composition №2 - 16.6 l/h (400 l/day). 

Based on the developed schedule, the dosage of reagent №2 was reduced from 29.2 l/h 

(700 l/day) to 16.6 l/h (400 l/day). During the entire test period, the parameters of the 

equipment were recorded. 

Figure 3.3.2 shows the average actual and calculated inhibitor consumption 

based on the results obtained during the tests.  
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Figure 3.3.2 - Actual consumption of the inhibitor during the pilot test from 22.11.17 to 24.12.17. 
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4 Economic part 

Table 4.1 shows the cost of a pilot test for the base reagent and reagent №1, 

taking into account the cost of the inhibitor, its daily consumption and the duration of 

the pilot test. 

Table 4.1 - Comparative analysis of the basic reagent and reagent №1 

 

Table 4.2 presents an economic analysis of the operation of the connection node 

of the field X for the period from March 23 to April 10, 2017 (19 days in total) and 

analytical for the whole year, however, it should be taken into account that the norms 

for inhibition in the winter and summer periods of operation may differ slightly. from 

those registered at the time of testing. 

Consumption of reagent №2 was determined based on the test results, which 

ended positively. The cost of inhibitors is determined taking into account delivery to 

the gas field. 
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Table 4.2 - Comparative analysis of the basic reagent and reagent №2 

 

Calculations of economic costs for methanol and calcium chloride injection 

As a comparison, she cited economic calculations of operating costs for 

measures to combat hydrate formation and a comparison of the economic efficiency of 

inhibitors of hydrate formation when transporting gas through a gas pipeline, such as 

methanol and calcium chloride. 

Initial data: 

- The cost of a ton of methanol, 𝐶𝐶𝐻3𝑂𝐻 – 156,8 thousand tenge/ton;  

- Cost of a ton of calcium chloride, 𝐶𝐶𝑎𝐶𝑙2– 117,6 thousand tenge/ton;  

- The amount of methanol, 𝑀𝐶𝐻3𝑂𝐻  – 45,6 ton;  

- The amount of calcium chloride,  𝑀𝐶𝑎𝐶𝑙2– 246,4 ton;  

- the cost of renting a unit for refueling inhibitor tanks, Сr – 11,2 thousand 

tenge/hour;  

- tank volume, 𝑉𝑡– 0.033 m3;  

- density of methanol,  𝜌𝐶𝐻3𝑂𝐻 – 791.8 kg/m3;  

- density of methanol, 𝜌𝐶𝑎𝐶𝑙2  – 1,335 kg/m3.  

The economic calculation will be carried out according to the following 

formulas: 
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- Total costs (P) are calculated by adding the costs of the inhibitor and the rental 

of the aggregate: 

P = Pi + Pa, tenge                                                                                         (1) 

- Inhibitor costs are calculated using the following formula: 

P = Pi = Сi ×Мi, tenge                                                                                 (2) 

- On average, a filling unit can fill two methanol containers per hour. Let's 

represent the volume of filling per hour by the formula: 

Vhr = 2 ∗ Vt,m
3                                                                                             (3) 

We calculate the total operating time of this unit according to the following 

formula: 

Та =
Vir

2∗Vt
, hr                                                                                                   (4) 

Where Vir  is the amount of inhibitor for refueling, calculated by the formula: 

Vir = Мр, m
3                                                                                                   (5) 

- The cost of renting a unit is calculated using the formula: 

Pr = Сr ∗ Тr, tenge                                                                                          (6) 

Since fixed assets are represented by leased property, the amount of depreciation 

will be the total cost of owning this property. In this case, the equality will be fulfilled: 

А = Pr, tenge                                                                                               (7) 

Calculation of economic costs for methanol injection 

1. Determine the cost of methanol: 

РСН3ОН=156,8∙45,6=7150,08 tenge 

2. Find the volume of methanol for refueling: 

VCH3OH=45.6*0.7918=57,59 m3 

3. Determine the volume of filling in one hour: 

Vhr=2∙0,033=0,066 m3.  

4. Find the total operating time of the machine: 

ТCH3OH=57,59*0,066=872,58 hr.  

5. Determine the cost of renting the unit: 

Рr CH3OH=872,58∙11,2= 9772,89 thousand tenge  
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6. Let's calculate the total costs: 

РCH3OH= 7150,08+9772,89=16922,98 thousand tenge 

Calculation of economic costs for calcium chloride injection 

1. Determine the cost of calcium chloride: 

Р СаСl2=117,6∙246,4=28976,64 thousand tenge  

2. Find the volume of calcium chloride for refueling: 

VСаСl2=246,4*1,335=184,57 m3  

3. Determine the volume of filling in one hour: 

Vhr=2∙0,033=0,066 m3 

4. Find the total operating time of the machine: 

ТСаСl2=184,57*0,066=2796,50 hr  

5. Determine the cost of renting the unit: 

Рr СаСl2=2796,50∙11,2=31320,85 thousand tenge 

6. Let's calculate the total costs: 

РСаСl2=28976,64 + 31320,85 = 60297,49 thousand tenge 

The calculation results are presented in Table 4.3 
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Table 4.3 - The results of calculating the economic costs of using inhibitors 

 

Based on the calculation of economic costs, it can be said that the costs of using 

calcium chloride are 3.5 times higher than the costs of using methanol, this is due to 

the fact that calcium chloride is needed to prevent hydrate formation 5 times more than 

methanol. Hence, it can be concluded that the use of methanol to combat hydrate 

formation is more economical than the use of calcium chloride, despite the fact that the 

wholesale price of the latter is 25% lower. 
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5 Results and discussion 

Results of pilot tests №1 of reagent №1:  

Reagent №1 removes and prevents the formation of hydrates on the discharge 

line of the gas utilization department (GUD) and the gas compressor unit (GCU) at a 

dosage of 0.26 g/m3 lower than that of the base reagent 0.63 g/m3, which is quite 

effective technologically and economically. 

Resume: 

The formation of hydrates in the process equipment of field X is a serious 

problem and the use of an anti-hydrate reagent is urgently needed. 

The protective effect of reagent №1 is 100% at a dosage of 0.26 g/m3 in summer 

conditions, which is quite effective in the conditions of the field X. 

Based on the data obtained from Table 10, we conclude that it is economically 

profitable to combat hydrate formation using reagent №1 for 2835075 tenge. 

Results of pilot tests №2 of reagent №2: 

• The use of reagent №2 at the connection point for field X is economically 

feasible, based on Table 4.2.  

• The reagent does not require a complex control scheme during 

transportation (transported by all types of transport), storage and use, it is safe for 

humans and the environment. 

• According to the test results, no deviations in the technological regime, a 

reduction in gas consumption, an increase in the pressure drop across the throttling 

device were observed. 

• When the separation water was drained from the horizontal separators of 

the field X connection unit, no foaming or emulsion formation was found.  

• For the period from March 23 to April 10, 2017 (19 days in total), 9.336 

tons of reagent were used with a change in the supply volume from 35 to 15 l/hr., which 

corresponds to the threshold values of the pumping equipment productivity. At the 

same time, the calculated amount of the inhibitor was 4.862 tons with a change in the 

feed volume from 13.5 to 8.5 l/hr. 

• The maximum pressure drop across the valve of the regulator №1 for the 

period from March 23 to April 10, 2017 was 4.3 kg*sec/cm2. The maximum difference 

in outdoor temperature for the period from March 23 to April 10, 2017 was 11.2˚C. 

• The consumption of the basic reagent at the facility before the start of pilot 

testing of reagent №2 was 30 l/hr. 
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• It is recommended to replace the basic reagent with a prototype. 

Results of pilot tests №3 of reagent №2: 

• The use of reagent №2 at well X is economically feasible. The reagent 

does not require a complex control scheme during transportation (transported by all 

types of transport), storage and use, it is safe for humans, the environment and 

equipment. 

• According to the test results, no deviations in the technological regime, 

reduction of gas flow rate, accumulation of reagent at the bottom hole were observed. 

• During the primary separation of oil at the inlet separator of the oil 

treatment unit, no foaming or formation of an emulsion with oil was found. 

• The application equipment worked normally, without any remarks. 

• The minimum supplied consumption of reagent №2 occurred on 

November 30, 2017 (14.0 l/h, 337 l/day) and on December 13, 2017 (15.9 l/h, 383 

l/day). 

• The maximum difference in outdoor air temperature for the period from 

November 22 to December 24, 2017 in the daytime 8.4, at night 10.5˚С. 

• The consumption of methanol at the facility before the start of pilot 

testing of reagent №2 was 25 l/h (600 l/day). 

Potential area of application: Designed to prevent gas hydrate deposits in the 

tubing of producing gas wells. The approximate number of wells in the X field, where 

this chemical can be used. the reagent is - 230 wells (the economic effect of potential 

implementation from 1 well is approximately 3816.68 thousand tenge per year). 

Assessment of technological and economic efficiency: 

During the period from November 22 to December 24, 2017 (32 days in total), 

18,129 liters of reagent were used when the delivery volume changed from 29.2 to 17.3 

liters/hour. In total, 33,000 liters of reagent were used, taking into account the flushing 

of the well from basic reagent. 

Calculation of economic efficiency, according to which the economic effect for 

the test period amounted to 202.272 thousand tenge, with a reporting period equal to 

one year, the savings will amount to 3816.68 thousand tenge. 

According to the results of the conducted tests of the inhibitor of hydrate 

formation, reagent №2 is recommended for implementation. 
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Table 5.1 - The results of the pilot tests №2 and №3 with reagent №2 

 

During the pilot test №2 period, when using reagent №2 the savings compared 

to the basic reagent amounted to 49 %. During the pilot test №3 period, when using 

reagent №2 the savings compared to the basic reagent amounted to 20 %. Consumption 

of the basic reagent in both cases exceeds the actual consumption of the tested reagent 

№2. 
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CONCLUSION 

Having considered the methods of combating hydrate formation in the systems 

of production, preparation and transportation of natural gas, we can conclude that the 

main method for preventing hydrate formation and hydrate deposition is the use of 

hydrate inhibitors. 

Physical methods for dealing with hydrates are difficult to implement, since 

heating pipelines is a very laborious and expensive process. Technological methods 

require constant monitoring and regulation of pressure and temperature, which is not 

always possible in the X-field. 

According to the results of three pilot tests, the effectiveness of the use of 

inhibitors (reagent №1, reagent №2) to combat hydrate formation in the field X was 

proved. This method of using hydrate inhibitors is economically beneficial. In addition 

to the low cost of the inhibitor relative to the cost of the base reagent, we observe a low 

consumption of reagents, a stable level of gas supply without pressure drops. The 

process of removing hydrate plugs is easier, namely, by introducing an inhibitor into 

the pipeline through special nozzles, pressure gauge fittings or through a purge plug. 

The reagents have not corrosion effect on the pipeline, does not cause salt deposits on 

the equipment, suitable for regeneration, highly effective for reducing the equilibrium 

temperature of gas flow hydrate formation, have low freezing point and can be used at 

high reservoir pressures and does not require special storage and transportation 

measures. 
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APPENDIX A 

Table A.1 - Data on the control of the use of the reagent at the gas utilization department of field X for June and July 

2010 
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Table A.2 - Data on the control of the use of the reagent at the gas compressor unit of the field X 

 

 

 


