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Abstract

The principal aim of natural and associated gas preparation to transportation is provision of normal transportation inside
field niacin gas pipelines. Developed gas and gas condensate field, production of which consists of great amount of different aggres-
sive admixtures and mineral salts, require efficient of natural gas for further transportation.

The results of aforesaid system phase state test investigation are given in the article. Its presently at water phase and salt
composition.

A Principals physical and chemical factors of inhibitor composition under different proportion of components were deter-
mined under laboratory conditions. New inhibitor composition, was selected on the base of experimental investigation results there
also was developed the technology of inhibitor application for gas field treatment.

Since the efficiency of gas storage and transportation processes depends on the compliance of these processes with the re-
quirements of the related equipment and relevant technologies, the operating modes of gas lift lines and compressor stations should
be regularly examined. There is no doubt that the efficiency of storage and transportation of natural and associated gas is ensured at
a distributed level, provided that the technological equipment is reliable, durable and operates in accordance with the requirements.
One of the most important issues is to improve the used technology to prevent hydrate formation in the process of production, storage
and transportation of gas condensate in complex conditions. On the basis of scientific a research and field surveys there were deve-
loped new scientific a technical measure to increase the efficiency of the installation for preparation of gas.
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1. Introduction

Selection of modern technologies and development of new scientific-technical proposals in
order to overcome the technological challenges that may arise in the process of production, stor-
age-transportation of associated gas and natural gas are one of the current topical problems facing
our oil-gas industry.

It should be noted that the production and preparation of gas for transportation and its de-
livery to the gas-lift system in the offshore gas condensate fields of «Azneft» PU (Azerbaijan) is
carried out in challenging conditions. The gas pipelines transmitted to the gas-lift system pass
through a complex relief area in sea conditions. In addition to gas, a liquid phase (water + con-
densate) is released on the inner surface of gas pipelines passing through complex terrain areas.
As a result, the productivity of the pipelines decreases, the pressure increases in the system, the
volume of gas delivered to the gas-lift wells reduces and their efficiency decreases. Moreover,
hydrate formation is observed in the system. This, in turn, leads to large gas losses in the system,
increase in the energy costs, and the cost of gas prepared for transportation and consumed in the
gas-lift system.
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Eliminating technological difficulties in the production, collection and unimpeded trans-
portation of gases in the fields of «Azneft» PU (Azerbaijan) is one of the most important issues
of the day. One of these difficulties is the separation of the liquid phase from the gas during the
production of gas from gas condensate fields and transportation. As a result, the rhythmic mode of
operation of gas pipelines is violated, its productivity decreases, and it increases energy costs con-
sumed on transported gas. In order to overcome the technical and technological difficulties arising
in the gas industry, it is required to construct equipment for drying gases in gas condensate fields
and put it into operation. It is important to develop new high-efficiency technological processes and
guidelines for the use of absorbents in the process of gas dehydration. Taking into account these,
the technological mode of operation of the compressor station and gas transportation units of the
OGPD named after N. Narimanov (Azerbaijan) was studied.

2. Materials and methods

The technology used for hydrate prevention at OGPDs should be improved in order to elimi-
nate these problems in a timely manner and improve the quality index of gas delivered to the gas-
lift system pipelines [1-5]. Carrying out these works will create conditions for stabilizing the con-
sumption of the inhibitor used for hydrate prevention and efficient operation of gas-lift pipelines.

The gas transportation system was investigated at the OGPD named after N. Narimanov.
It was found out that the preparation of gases for transportation in the gas-condensate field at the
OGPD is carried out by the separation method. High-pressure gas produced from gas-condensate
wells which are exploited in «8 Mart» field of the OGPD passes through a 1-stage separator, and in
this case, a liquid mixture (water + condensate) is separated from the gas. A part of high pressure
gas is supplied to the compressor less gas-lift wells and the other part enters the gas-storage sta-
tion (g.s.s.). In this case, the liquid phase is separated from the gas once again. Initially, the purified
gas enters the gas compressor shop with 16!! collectors. The diagram of gas storage-transportation
system at the OGPD is presented in Fig. 1. In addition, low-pressure associated gases produced
from oil fields are supplied to the storage station at 0.5-0.6 MPa. From there, the compression gas is
supplied to the compressor inlet at the station passing through a separator and being purified from
the liquid phase. At the compressor station, low-pressure gas is compressed through 3 steps and
supplied to the separator at the compressor outlet. Here, additionally liquid is separated from the
gas, the liquid mixture separated from the gas is collected in tanks, and the gas purified from the
liquid phase enters the collector 12!'. The collector is divided into 3 lines, 2 of which are 10" and
1 is 8!!. High-pressure compressed gas (6.9—7.0 MPa) is supplied to gas lift wells through these lines.
The gas supplied to the gas-lift system cools due to seawater, and as a result, hydrate is formed in the
system. The pressure of the gas supplied from the compressor to the gas-lift system is 6.3—6.6 MPa,
800—1000 m?/day of compressed gas is supplied to the gas-lift system.

The efficiency of preparation of gases for transportation technology depends mainly on
the following indicators:

— preparation of dew point of gases for water and hydrocarbon vapors in accordance
with demand;

— correct selection of technological equipment;

— correct selection of glycols used in the process of gas dehydration;

— calculation of consumption norms of glycols used in the technological system.

In world practice, the process of removing moisture from gases by cooling through low-tem-
perature separation units in gas and gas condensate fields is widely used. If reducing the gas pres-
sure is necessary, the gas can be cooled by expansion, as well as by passing it through a refrigerating
unit. In order to lower the temperature the process of expansion is possible in two ways —
by throttling without any external influence (isoenthalpic process) or by adiabatic expansion with
external influence (isoentrapic process). In such cases, if the gas pressure does not fully ensure
the gas cooling process by expansion way, supplementary or substituting expandable refrigerating
units are installed at the inlet of the low-temperature separation unit. The required separation tem-
perature can be provided thanks to supplementary heat exchanger-recuperator and refrigerating
units. Glycol is injected into raw gas stream before the heat exchanger to prevent hydrate formation.
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Taking this into account, it is important to develop new complex absorbents and composite inhi-
bitors for oil and gas industry.

3. Results and discussion

The results of mining research showed that one of the challenges generating in gas-conden-
sate wells, collector and gas transportation facilities is the formation of hydrate in the system. The
components of the gas combine with water to form hydrated compounds in the form of crystals.

Technical, thermodynamic indicators of the wells exploited in OGPD, physical and chemical
properties of the produced product were determined and operating modes of offshore oil and gas
collection station used for gas transportation were investigated.

Currently, gas condensate wells are being exploited in OGPD. Thermodynamic indicators of
gas condensate wells in OGPD named after N. Narimanov are presented in Table 1.

Analysis of the technological and thermodynamic parameters of gas condensate wells ex-
ploited in OGPD showed that the gas production, pressure and temperature of the wells dropped
significantly and the fields are in the final stage of development. Therefore, the increase in free
formation water flowing with gas creates a number of technological difficulties in the gas trans-
portation system.

At present, the compressor station (CS) is being exploited in OGPD.

The results of initial studies in OGPD showed that the temperature of the gas transported
from OGPD to the shore and the gas lift system is rapidly falling due to seawater. As it is known,
seawater temperature varies depending on the depth of the water and seasons. Since both under-
ground and surface gas pipelines pass through different places, they are constantly in heat ex-
change with the environment in the system.

Table 1
Thermodynamic indicators of gas condensate wells exploited in OGPS No. 3 of OGPD named
after N. Narimanov

T R Pressure, MPa Production, tons/day
center pipe back annular space (downcome) oil water

552 1.1-1.2 1.7 1.6 1 2
561 1.55 1.75 1.65 7 8
578 1.0-2.9 4.5-7.3 1.5-44 6 1
588 0.9 0.9 0.9 6 4
589 Being used intermittently
646 0.7 0.7 0.7 0.1 -
652 3.0 2.2 - 10 2
693 1.6-1.8 1.8-2.0 1.6—-1.8 9 8
704 1.2-13 1.2-13 1.2-1.3 6

The temperature regime of submarine gas pipelines differs from the temperature regime of
underground gas pipelines in that the temperature regime at the water surface changes intensively.
The gas pressure remaining experimentally constant in the pipelines, but the temperature chang-
ing intensively lead to emergence of technological difficulties (hydrate formation) in the system.
The results of research and mining operations in OGPD named after N. Narimanov showed that
the liquid phase separates (water + condensate + oil fractions + paraffin sediments, etc.) from the
gas phase on the inner surface of the pipelines as a result of the changes in thermodynamic indi-
cators (P, T, Q, etc.) in the process of transportation of natural and associated gases by pipelines,
in addition, hydrate compounds are formed. This, in turn, creates technological difficulties in gas
pipelines, reduces the productivity of gas pipelines, leads to large losses of gas and condensate, as
well as creates an emergency situation in the system. Eliminating these difficulties requires addi-
tional maintenance and energy costs.
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Besides, the operating mode of gas collection and transportation units located in the coastal
arca of OGPD named after N. Narimanov was investigated.

Currently, hydrate inhibitor-methanol is injected at the outlet of the separator to prevent the for-
mation of hydrate in the gas transportation system at the OGPD named after N. Narimanov (Fig. 1).
In the methanol inhibitor tank, it is injected into the gas stream with the calculated consumption rate
per 1000 m? of gas through HD 25/100 brand dosing pump. At the same time, hydrate formation is
observed in the high-pressure gas lines which is supplied to the gas lift system and coming out of
the compressor station so that in order to prevent this, 0.5 kg of methanol is injected per 1000 m?
of gas in addition to the gas stream at the outlet of the gas-lift line. This regime is valid from Octo-
ber 1 to April 1. As a result, unimpeded transportation of gas in the field is provided. While inves-
tigating the technology of methanol injection into the gas stream, the followings were discovered:

— the same technology is not used at the OGPD to prevent hydrate generating during gas

transportation;
—methanol is injected into the system in the usual way, i.e., without applying any modern
equipment.
alcohol is injected AzGas line
Gas well >
\4
589 P=5.9-6.1 MPa
v
= KC 5
R 2 < 24 @—| &
-3 T 5,7 S
n
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Natural gas | &
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P=1.3-1.6 MPa
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>
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Fig. 1. Diagram of gas storage-transportation system at the OGPU named after N. Narimanov

The distance between the methanol injected into the gas stream and the separator is very
small (3—4 meters), which in turn does not allow the methanol to be evenly distributed in the gas
and liquid phases. The contact time between the methanol injected in the system and the gas phase
is so short that the methanol is unevenly distributed in the gas-liquid phase and the bulk of the in-
hibitor passes into the liquid phase. As a result, the reliability of unimpeded gas transportation in
the system reduces. The results of the conducted research show that the main source of challenges
generating in the process of preparation of gas for transportation is the obsolete equipment used
in the transportation process, and as a result, the quality indicators of transported gas does not
meet the requirements. The diagram of methanol distribution at the OGPD gas condensate wells is
presented in Fig. 2. One of the most important problems at the OGPU named after N. Narimanov
is the improvement of technologies used to prevent hydrate formation in the process of production,
storage-transportation of gas condensate in challenging conditions. In addition, drying of gas in
water vapor by means of multifunctional inhibitors to increase the efficiency of production, stor-
age-transportation of natural and associated gases is technically, technologically and economically
efficient to prevent the formation of hydrate, corrosion, salt. Mining research is being conducted
in recent years to study, analyze and improve the operation of technologies used in the oil-gas in-
dustry in order to reduce operating costs and the rate of consumption of the inhibitor injected into
the system. Moreover, one of the most important problems of the oil-gas industry is the preparation
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of gas quality indicators in accordance with international requirements and ensuring unimpeded
transportation of gases.
693
588
Transportation Transportation methanol
comp.ressorless methanol methanol
Gas lift
Transportation
52/97 -
4—

Az QEZ , o
Main gas-lift line

—  &—— methanol

G.D. (gas dryer)

Fig. 2. The diagram of distribution of methanol from gas-condensate wells 588, 589, 693, 704 of
OGPD named after N. Narimanov

At the OGPD named after N. Narimanov, the low-pressure associated gas separated from the
oil according to the technology enters the liquid storage section of the separator, where the gas chan-
ges its direction several times as it passes through the internal partition. The gas releasing from the
separator enters the compressor station. As a result of changes in temperature and pressure in the gas
transportation system, a liquid phase (water+condensate) is released from the gas to the inner surface
of the pipeline, which in turn creates technological challenges in the system. In order to prevent the
mentioned challenges, it is expedient to use modern technologies to increase the efficiency of the
gas-lift system in the fields of the OGPD. The main reason for the challenges is that the temperature
of the transported gas decreases (4—5 °C) due to the gas pipelines passing through various relief areas
and the impact of the environment, resulting in a liquid phase drops in the pipelines (water ++Cs+),
which reduces its cross-section and the system provides additional resistance to the unimpeded gas
transportation process. As a result, hydrate compounds are formed in the gas-lift system at the OGPD.

It was revealed from the conducted research that hydrate formation is observed in the fol-
lowing places of the OGPD named after N. Narimanov:

a) when lowering the gas pressure where the nozzle is located;

b) in pipelines up to separators (mainly in areas with intensive heat exchange between gas
and the environment),

¢) in separators where gas pressure drop and temperature change are observed;

d) in diaphragms available in the measuring field;

d) in collector-gas pipelines connected to the common collector;

e) in the collectors for gas storage in the field.

In addition, the formation of hydrate compounds is observed at individual technological
points of the gas transportation system at the OGPD.

When investigating the operation of gas-lift lines at the OGPD, it was found that the change
in temperature regime in the pipelines depends mainly on three factors:

— the impact of environment temperature on the system during the motion of gas stream in
the pipeline;

— drop in gas pressure (Coul-Thomson effect) and in gas temperature;

— changes in the temperature of gas stream as a result of the frictional force generated during
the its motion inside the pipeline.
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The temperature of gas pipelines is determined by the following formula [3]:

pr—prl—e® A Azl-e*
] o Cpl a

t—ty+ (tn - to)_e% -D

where o= KnD/pCpQ, t and t, — gas temperature in the pipeline and in the environment, °C;
t, —initial gas temperature, °C; D — Coul — Thomson effect, °C/MPa; p, and p, — pressure at the be-
ginning and end of the gas pipeline, MPa; / — the length of gas pipeline, meter; Cp — heat capacity of
gas, KDG/kg; K — heat transfer coefficient of the environment, KDG/m? hour °C; D — diameter of
the gas pipeline, m; p — gas density, kg/m?; Q — gas consumption, m*/day; x — distance from the be-
ginning of the gas pipeline to the report area, m; A — the points determined at the beginning and end
of the gas pipeline; Az — the points determined at the beginning (z;) and end (z;) of the gas pipeline:

(z=2zs~2;), m.

If the gas pressure changes in the process system insignificantly, then the change in tem-
perature in the pipelines is calculated using the following formula:

t=ty+(t,—ty)— (™.

Using the proposed formula, it is possible to pre-calculate the volume of the liquid phase
dropping in the gas-lift line as a result of temperature changes in the system. This, in turn, allows
the development of new scientific-technical proposals to increase the efficiency of gas-lift lines and
prevent future complications in the technological system. Overcoming the difficulties mentioned
above can be implemented through an efficient storage system in the fields, associated gas collec-
tion and the use of modern technologies.

It should be noted that in order to increase the efficiency of removing liquid mixture falling
in low pressure gas pipelines, it is expedient to apply reagents created on the basis of local che-
micals or pistons containing gel created on the basis of various chemicals to the high-pressure gas
stream supplied to the line. It will allow the motion of balloons and pistons containing gel, which
will be used to remove the liquid phase falling on the inner surface of the high-pressure gas pipeline
supplied to the system. This, in turn, intensifies the removal of the liquid phase from the gas-lift
system and will prevent gas losses in the system.

The proposed method is simple and the works mentioned above can be carried out by mak-
ing some changes in the technology of mining equipment.

The results of the mining research showed that in previous years, a balloon was released to
each line in order to increase the efficiency of the gas lines in the gas-lift system and purify the
liquid phase (water + condensate) falling in the line. The release of the balloon was not so effective.
In order to ensure the efficient operation of the «balloons» to be used in the process of cleaning the
gas lines from the liquid phase and other mixtures, it is more expedient to inject reagents that create
a foam system inside. In addition to the above-mentioned methods, the use of high-viscosity elastic
compounds is very effective in cleaning gas pipelines from collections of various composition.

Since the efficiency of gas storage-transportation processes depends on the compliance of
these processes with the requirements of the equipment and relevant technologies, the operating
modes of gas-lift lines and compressor stations should be regularly investigated. There is no doubt
that the efficiency of storage-transportation of natural and associated gas is ensured at a distributed
level, provided that the technological equipment is reliable, stable and operates in accordance with
certain requirements.

Productivity of gas-lift lines for gas, rhythmic processing of each line, important factors
impacting on its starting and ending points and the compressor station, i.e. increasing or decreasing
its productivity, were determined.

According to the results of scientific research, a new inhibitor composition was developed
on the basis of local products to replace the toxic methanol used to prevent hydrate compounds
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generated in the gas lift system [6—10]. The advantage of the composition is that it is environ-
mentally friendly and economically efficient.

The main objective is to realize the measures developed based on the results of the research
conducted, provide the quality indicators of the gas prepared for transportation according to the
demands. For this purpose, the development of a new composite inhibitor in the preparation of
gases for transportation and the results obtained in its exploitation have been investigated and the
obtained results have been analyzed. These newly applied inhibitors are reported to be obtained
on the base of local chemical products, and research has also determined that the cost of the new
product is low and the quality is high.

4. Conclusions

According to the results of the research and analysis conducted by the OGPD named after
N. Narimanov, the following scientific-technical proposals have been developed to ensure unim-
peded transportation of gases:

— purification of gas supplied to the gas-lift system, drying it from hydrocarbons and water vapor;

— construction of a gas dryer at the OGPD to prevent hydrate formation in the gas-lift system;

— improvement of internal elements of the separator exploited at the OGPD;

—use of new effective pistons containing gel to increase the efficiency of the process of
cleaning gas lines from liquid mixture;

— creation of foam reagents of various composition and delivery to the gas line;

— use of a newly created composition inhibitor to increase the efficiency of the gas transpor-
tation system at the OGPD;

— selection of the technology to ensure even distribution of the inhibitor injected into the gas
stream in phases;

— provision of the technology of injecting the inhibitor in aerosol form;

—reduction of methanol consumption used against hydrate compounds formed in OGPD
gas-lift lines.

Based on the results of the research work, the increase in the efficiency of gas transportation
technology and gas-lift system will be achieved by implementing scientific-technical proposals de-
veloped to improve the technology used for hydrate prevention in the transportation system at OGPD.

Conflict of interest

The authors declare that they have no conflict of interest in relation to this research, whether
financial, personal, authorship or otherwise, that could affect the research and its results presented
in this paper.

Financing
The study was performed without financial support.

Data availability
Manuscript has no associated data.
References
[1] Taheri, Z., Shabani, M. R., Nazari, K., Mehdizaheh, A. (2014). Natural gas transportation and storage by hydrate technology:
Iran case study. Journal of Natural Gas Science and Engineering, 21, 846—849. doi: https://doi.org/10.1016/j.jngse.2014.09.026
[2] Askari, M., Aliofkhazraei, M., Jafari, R., Hamghalam, P., Hajizadeh, A. (2021). Downhole corrosion inhibitors for oil and gas
production — a review. Applied Surface Science Advances, 6, 100128. doi: https://doi.org/10.1016/j.apsadv.2021.100128
[3] Malikov, A. S., Samadzade, N. H., Aliyeva, E. Y., Abdullayev, A. A. (2007). Use of flow devices in the gas industry. Baku:
Nafta Press Publishing House.
[4] Bakirov, T. M., Shatalov, A. T. (1986). Collection and preparation of natural gases for transportation. Moscow: Nedra.
[5] Durup, J.-G., Boris, G., Charnavel, Y. (1997). Pat. No. 5988760 US. Process for hollowing out a cavity formed of a plurality
of sub-cavities in a thin layer of salt. declareted: 12.09.1997; published: 11.23.1999. Available at: https://patents.justia.com/
patent/5988760

30

Chemical Engineering



Original Research Article: (2023), «kKEUREKA: Physics and Engineering»
full paper Number 1

[6] Abdulhasanov, A. Z., Gurbanov, A. N., Rasulov, A. M. et al. (2006). Pat. No. 12007 0205 AZ. Composition for drying natural
gas and prevention of hydrate formation. No. 2006 0058; declareted: 13.04.2006; published: 06.11.2007.

[71 Rasulov, A. M., Aliyeva, A. 1. (2007). Current state and prospects of natural gas transportation and its industrial use. Azerbai-
jan Oil Economy, 4-5.

[8] Gurbanov, A. N. (2008). Selection and study of a new inhibitor for gas preparation for transport. Neftopromislovoe delo, 7, 56-57.

[9] Gurbanov, A. N. (2011). Industrial testing of monopropylene glycol as a natural gas dryer. Naftogazovaya Energetika, 1, 29-33.

[10] Istomin, V. N., Burmistrov, A. G., Degtyarev, B. V. et al. (1991). Prevention of hydrate formation in systems for collecting and

infield transport of hydrocarbon raw materials. Moscow: VNIIE Gazprom, 37.

Received date 29.04.2022 © The Author(s) 2023
Accepted date 13.12.2022 This is an open access article
Published date 19.01.2023 under the Creative Commons CC BY license

How to cite: Gurbanov, A., Sardarova, 1., Damirova, J. (2023). Research of the technology for hydrate prevention in gas transpor-
tation system. EUREKA: Physics and Engineering, 1, 24—31. doi: https://doi.org/10.21303/2461-4262.2023.002746

31

Chemical Engineering



