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ANNOTATION

One of the most important components of the country's gas industry
development strategy is the State Program for the Creation of a Unified System of Gas
Production, Transportation and Supply in 2007. Solving the problems of effective gas
pipeline management includes a set of tasks for modeling and optimal planning of the
operating modes of the entire chain of gas pipeline technological facilities. The solution
to these problems is based on the integration of models of facilities managed by the gas
production company, from wells to the compression compressor station (SCS).

Currently, there is a significant gap between the capabilities of modern gas
production, gathering and processing modeling systems, such as PIPESIM, OLGA
(Schlumberger) and others, and the needs of subsoil users to solve problems of
modeling and controlling the operating modes of objects that perform these processes
as a single system. These gaps are mainly due to the lack of mathematical models and
algorithms for modeling stable and unstable operating modes of the entire gas
production organization, which usually includes wells, gas well networks, field gas
gathering networks (GFG), gas primary treatment facilities (GPTP), inter-field gas
gathering collectors (IGGC), integrated gas complex treatment facilities (IGCP),
compression compressor stations (SCS) and main gas pipelines (MGP).

Thus , the development of mathematical methods and algorithms that solve the
technological problems of modeling and management of gas production complex
regimes is currently an urgent task.
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Mamlakat gaz sanoatini rivojlantirish strategiyasining eng muhim tarkibiy
gismlaridan biri 2007-yil gaz qazib olish, tashish va yetkazib berishning yagona
tizimini yaratish dasturi davlat dasturidir. Gaz quvurlarini samarali boshgarish
muammolarini hal gilish gaz quvurlari texnologik inshootlarining butun zanjirining ish
rejimlarini modellashtirish va optimal rejalashtirish vazifalari majmuasini 0'z ichiga
oladi. Ushbu muammolarning yechimi quduglardan siquv kompressor stansiyasi (SKS)
gacha bo'lgan gaz gazib olish kompaniyasi tomonidan boshgariladigan inshootlarning
modellarini integratsiyalashga asoslangan.

Hozirgi vagtda PIPESIM, OLGA (Schlumberger) va boshgalar kabi zamonaviy
gaz qazib olish, yig'ish va tayyorlash jarayonlarini modellashtirish tizimlarining
imkoniyatlari va yer osti boyliklaridan foydalanuvchilarning ushbu jarayonlarni
yagona tizim sifatida amalga oshiradigan ob'ektlarning ish rejimlarini modellashtirish
va boshqarish jarayon muammolarini hal gilishdagi ehtiyojlari o'rtasida sezilarli farglar
mavjud. Bu farglar asosan butun gazni gazib oluvchi tashkilotining bargaror va
nobargaror ish rejimlarini  modellashtirish uchun matematik modellar va
algoritmlarning yo'qligi bilan bog'lig bo'lib, bu odatda quduglar, gaz quduglari
tarmoglari, kon gazini yig'ish tarmoglari (KGYT), gazni dastlabki tayyorlash
qurilmalari  (GDTQ), konlararo gazni vyig'ish  Kkollektorlari  (KGYK),
integratsiyalashgan gazni kompleks tayyorlash qurilmalari (GKTQ), siquv kompressor
stantsiyalari (SKS) va magistral gaz quvurlari (MGQ) ni 0'z ichiga oladi.

Shunday qilib, gaz ishlab chigarish kompleksining rejimlarini modellashtirish va
boshgarishning texnologik muammolarini hal gilishni amalga oshiradigan matematik
usullar va algoritmlarni ishlab chigish hozirgi kunda dolzarb vazifa hisoblanadi.

AHHOTALIUS

OgHuM W3 BaXHEHIIMX KOMIIOHEHTOB CTPAaTerMd pPa3BUTUSL  Ta30BOM
MIPOMBIILIIJIECHHOCTH CTPAaHbI SBIISIETCA TOCYJapCTBEHHAS IpOrpaMMa CO3J4aHus €IUHON
CUCTEMBI I00BbIYH, TPAHCIIOPTUPOBKH U CHaOXeHus ra3a, npunsTas B 2007 rony.

K HacrosmemMy MOMEHTY COXpaHSETCS 3HAYUTEIbHBIA pa3pblB  MEKIY
BO3MOXHOCTAMHU COBPCMCHHBIX KOMIIJICKCOB MOACIIMPOBAHUSA ITPOLIECCOB I[O6BIIII/I,
coopa u moaroToBku rasa, Takux kak PIPESIM, OLGA (Schlumberger) u ap., u
HOTp€6HOCT$IMI/I HeI[pOHOHBBOBaTGJIeﬁ B PaCcCMOTPCHHHM TCXHOJOTHMYCCKHUX 3aldad
MOJICIIUPOBAHUSL U YIPABICHUU pPEKUMaMu pPabOThI OOBEKTOB, PEATHIYIONIUX
yKa3aHHBIE TMPOIECChl, KaK €IMHOW CHUCTEMBI. OJTOT pa3pbiB OOYCIOBJICH B
3HAUUTEJILHON MCPE€ OTCYTCTBUEM MATCMATHYCCKHX MO)ICJ'I@I\/'I H aJITrOpHuTMOB
MOJCIUPOBAHUA CTAOMOHAPHBIX W HECTAMOHAPHBIX PEKHUMOB pa6OTBI BCETO
TexHojornueckoro komiuiekca ['JIII, kotopeiii B oOlIeM ciydae BKIIIOYACT:
CKB@)XHMHBI, KYCThI Ta30BbIX CKBaXHWH, MpPOMBICIOBbIe razocOopubie cetn (['CC),
YCTAHOBKM TmpeaBaputelibHOM moarotoBku raza (YIIID), wMexXnpoMbICIOBbIE
razocoopusie koyuiekTopsl (MIIK), ycTaHOBKM KOMIIJIEKCHON TOATOTOBKH Ta3a
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(VKIIT'), noxxumusie kommpeccopusie craniuu (JJKC), MaructpanbHbIi Ta301poBO
(MI).

Taxum O6p8,30M, pa3pa60TKa MAaTCMATUYICCKUX MCTOIOB U aJI'OPUTMOB,
pPCAIN3YIOIIUX PCHICHHUC TCXHOJIOTHYCCKUX 3adad MOACIHPOBAHUA W YIIPABJICHUSA
peKnMamMunu FaSOI[O6I)IBaIOHIeFO KOMIIJICKCA ABJIACTCA B HaCTOHH_[I/Iﬁ MOMCHT
AKTyaJIbHOU 3aa4ei.
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modellashtirish, yig'ish, tayyorlash, bosim, ob'ekt.

KiroueBble cJioBa: ras, ra3oBbIN KOHACHCAT, MCCTOPOXKIACHUA, ,u0651qa,
CKBaXHHa4, CUCTCMA, MOJACIIHUPOBAHUC, C60p, I10AroTOBKA, JaBJICHUC, OOBEKT.

Key words: gas, gas condensate, fields, production, well, system, modeling,
collection, preparation, pressure, object.

Introduction
A gas production enterprise (GFE) is one of the most important links in a single
dynamic system that includes a gas layer or a series of gas layers located one above the
other, a network of gas wells that tap these layers, as well as gas production facilities
for preparing the gas for further transportation, and a system of gas gathering networks
within the field and an interfield collector (Figure 1).
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Figure 1 — Gas collection and preparation at a gas production plant
scheme
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A gas production facility, depending on the size of the field or fields being
mined, may include several gas fields consisting of wells, a gas gathering network, a
primary and advanced gas processing unit, compression stations, and auxiliary
facilities [7].

The individual elements of this system are spread over an area of several tens
or even hundreds of square kilometers, but they are interconnected and participate in a
single technological process for the production of gas and gas condensate. In fact, a
gas production enterprise is created to exploit the strata, and one of its main tasks is to
maintain a rational mode of operation of the cells, which are the main production
capacities of the gas production enterprise [6].

A natural gas resource is a gas-bearing layer, which is a complex hydrodynamic
system and is controlled by a system of wells. Its productivity is determined by the
filtration and capacity characteristics of the layer, the saturation of the liquid, its
distribution over area and thickness, the location of contacts, the degree of opening,
nature and quality, etc.

Analysis of literature on the topic

The fundamentals of design, exploitation and construction of gas and oil, gas
condensate deposits, including modeling of the two- phase movement of hydrocarbon
liquids and gases, are the subject of the work of many domestic and foreign scientists:
Sh.K. Gimautdinov, A.l. Guzhov, Yu.P. Korotaev, G.R. Gurevich, R.G. Isaev, O.V.
Klapchuk, G.G. Kornilov, O.L. Kuznetsov, A.N. Laperdin, B.B. Lapuka, L.S.
Leibenzon, V.A. Mamaev, V.N. Maslov, V.F. Medvedev, A.Kh. Mirzadjanzade, G. E.
Odishariya, A. I. Ponomarev, G. B. Pykhachev, S. A. Sardanashvili, R. M. Ter-
Sarkisova, V. G. Titova, Yu. A. Kharchenko, A. I. Shirkovskiy, V. N. Shchelkacheva,
M. Maskat, K. Aziz and others.

The analysis and generalization of the main results obtained by foreign
researchers and the development of integrated modeling approaches in the design and
operation of gas collection and purification systems allowed us to formulate the goals
and objectives of this dissertation.

In modern conditions, it is difficult to imagine the process of designing the
development of hydrocarbon deposits without mathematical modeling of the
technological processes that occur in the layers, the well and the product collection and
treatment system. In this case, equations, laws and relations from various fields of
mathematics, physics, underground hydraulics, gas dynamics, probability theory and
mathematical statistics are used. The works of many local and foreign scientists are
devoted to the basics of development and equipment of gas and oil-gas condensate
deposits: K.S. Basniev, Sh.K. Shirkovsky, M. Muskat, K. Aziz and others.

The practice of designing hydrocarbon field development involves the creation
of development options based on 3D hydrodynamic modeling of field development
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processes, which is carried out using such software as Navigator (RFD), Eclipse
(Schlumberger), RN-KIM (Rosneft), and others. PIPESIM, OLGA (Schlumberger),
PROSPER and GAP (Petroleum Experts Ltd.), and METTE (Emerson Electric Co.)
are used to model the production and transportation technological processes. These
software products are equipped with powerful modeling tools that allow you to create
and use models of gas and condensate gathering and production systems. However,
such models have very limited capabilities for taking into account the processing of
extracted raw materials in the field, and well-known chemical process simulators such
as HSYS (Aspen Technology, Inc.) and Unisim Design (Honeywell) can be used to
solve problems of well production processing.

Research methodology

Complex modeling of gas and gas condensate collection and preparation
systems is an urgent issue, the solution of which allows for the development of a
coordinated technological mode of operation for all surface facilities in the mine.

The development of a comprehensive approach to the calculation of optimal
operating modes for the collection and processing of well products consists in taking
into account the interaction and interaction of all elements of the system.

Solving the specified tasks was carried out based on the analysis of mine data
on the operation of gas collection and treatment systems, the use of gas dynamics
models, and numerical methods of mathematical modeling of the movement of gas-
liquid mixtures in pipelines, taking into account phase transitions.

Analysis and results

To propose an empirical linear dependence on the natural gas flow rate and the
pressure at the inlet to the device to calculate the amount of helium in the natural gas
after membrane separation in the gas and gas condensate field.

A methodology for calculating the operating modes of the system for collecting
and preparing well products from gas and gas condensate deposits has been developed.

Development of algorithms for optimal planning of gas and gas condensate
collection and treatment system operating modes and implementation of their software
for modeling the coordinated operating modes of the complex of technological
facilities of the "well-GYT-GDTQ-KGYK-GKTQ-SKS-MGKAQ-SKS" system of gas
producing organizations.

software and computing system of gas producing organizations . The results of
the presented calculations are based on real data obtained from gas fields.

An algorithm for calculating the maximum productivity of a gas field is
proposed. This algorithm makes it possible to achieve the specified pressure at the
outlet of the gas collection network while observing the process limitations of all
elements of the gas and gas condensate collection and treatment system. It does not
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require multivariate calculations, which distinguishes the proposed solutions from
existing solutions that serve similar purposes.
Conclusions and suggestions

An analysis of the general principles of solving and resolving problems in the
management of gas and gas condensate collection and purification systems was
conducted. It was shown that for effective management of gas and gas condensate
collection and preparation systems aimed at improving their technical and economic
indicators, it is necessary to consider the entire complex of gas and gas condensate
collection and preparation system facilities as a single system and coordinate their
operating modes.

of gas and gas condensate collection and preparation systems as a conditional
directed graph is considered. This approach is unlimited and can be used to model gas
and gas condensate gathering and preparation systems with a variety of facility
configurations that require appropriate process models .
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