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INJECTION OF HIGH-SULFUR GAS FOR RESERVOIR PRESSURE
MAINTENANCE AT OIL AND GAS CONDENSATE FIELDS OF THE REPUBLIC
OF KAZAKHSTAN

Abstract. The paper addresses the technological and geological-physical aspects of
injecting high-sulfur associated gas into productive formations of oil and gas condensate fields
in order to maintain reservoir pressure, utilize acid gases, and improve the efficiency of
reservoir development. The prerequisites for the large-scale implementation of this technology
at the major fields of the Republic of Kazakhstan—Karachaganak, Tengiz, and Kashagan—are
analyzed, including the shortage of sour gas processing capacities, restrictions on pollutant
emissions, and the need to increase hydrocarbon recovery factors.

The key industrial safety, environmental, and techno-economic factors determining the
selection of gas injection as a priority reservoir stimulation and pressure maintenance agent are
identified, along with the requirements for well integrity, casing string stability, and corrosion
resistance of equipment when operating in aggressive environments.

Using the Karachaganak field as an example, the application of the cycling process is
considered as a practical method for increasing liquid hydrocarbon recovery from gas
condensate reservoirs, reducing in-reservoir condensate losses, and stabilizing the reservoir
energy state.

It is shown that high-sulfur gas injection is an important element of the reservoir
pressure maintenance system and rational subsurface management; however, it requires further
optimization of injection regimes, taking into account geological heterogeneity of reservoirs,
porosity—permeability characteristics of rocks, phase behavior of fluids, and long-term risks
associated with possible gas migration and technogenic impacts on the reservoir system.

Keywords. Reservoir pressure maintenance; gas injection; high-sulfur gas; cycling
process; oil and gas condensate fields; hydrogen sulfide; Republic of Kazakhstan.
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KA3AKCTAH PECITYBJMKACBIHIATBI MYHAM-TA3KOH/IEHCAT KEH
OPBIHJAPBIHJA KABAT KbICBIMBIH YCTATI TYPY YIIIH KOFAPBI
KYKIPTTI TA3/bI AWJIAY

Anoamna. Maxanaja MyHaii-ra3KOHIEHCAT KEH OpPBIHAAPLIHBIH OHIMJI KabaTTapblHa
KOFapbl KYKIPTTi inecne rasjibl Kabar KbICHBIMBIH YCTal TYPY, KBIIMIKbUI I'a3qapibl KoJere
KapaTy JKOHE€ KEH OpBIHIAPBIH MIrepyaiH THIMAUIINH apTThpy MakcaThIHAA aijay
TEXHOJIOTHSUIBIK JKOHE TeOJIOTHSUIBIK-(DM3UKAIBIK TYPFBIIAH KapacTeipblUiFad. Kasakcran
PecniyOnnkachIHBIH €H ipi KeH opbiHaapeinaa — Kapambsiranak, TeHi3 sxone Kammaran keH
OPBIHJIAPBIHA — OChI TEXHOJIOIHSHbI KEHIHEH €HTI3Y/IIH aIFbIIIapTTaphl TAIAaHFaH, COHbIH
iiHAe KYKIPTTI Ta3abl  ©HJeYy KyaTTapblHbIH JKETKUIIKCI3AIri, JiacTaylibl —3aTTap
IIBIFAPBIHBIIAPbIHA KOWBIIATBIH LIEKTEYJIEP JKOHE KeMipcyTekTepai any Kod(pQHIHMEHTIH
apTTBIPY KAXKETTUIIr KOPCeTUIreH.

["a3ael KabaTka acep eryaiH OackIM areHTi peTiHje TaHJayAbl alKbIHAAMTBIH HEri3ri
OHEPKICINTIK KaYINCI3/iK, 3KOJOTHSIIBIK )KOHE TEXHUKO-3KOHOMHKAJIBIK (hakTopaap, COHIak-
aK arpeccHBTi OpTa JKaFJaibIHIA SKYMBIC ICTET€HAE YHFBIMATAPJBIH T'€PMETHKAJIBIFbI,
HIereH/Iey KOJOHHAIAPBIHLIH TYPAKTLUILIFBL JKOHE Ka0ALIKTAPAbIH KOPPO3UsFa TO3IMALIIrHE
KOHBUIATBIH TaJIallTap aTal eTUIreH.

Kapambiranak KeH OpHBI MBICAIBIHAA Ta3KOHIEHCATTBHl 3aleXIepAe CYHBIK
KeMIpCcyTeKTepai any Ko3(p¢HUIIMEHTIH apTThIPYIbIH, KabaTTa KOHIEHCATTBIH KOFaTybIH
a3afTyIbIH JKHE 3AJIEKIH YHEPreTHKAIBIK Kai-KyHiH TYpaKTaHAbIPY/IbIH MPAKTHKAIBIK d1ici
peTiHje CalKJIIMHI-IIPOLECT] KOJJIaHy KapacThIPbUIFaH.

JXorapel KyKIpTTi rasiapl aijay kaOaT KbICBIMBIH YCTaIl TYpPY JKOHE JKep KOHHaybIH
YTHIMABI MaigaNiaHy oKYHECIHIH MaHbI3[Abl  3JEMEHTI eKeHI KepceTiireH, anaiia
KOJUIEKTOPAAPABIH ~ TE€OJIOTHSIBIK  OIPTEKCI3AITiH,  KBIHBICTAPIABIH  (DHIBTPAIIHSIIBIK-
CBHIHBIMIBUIBIK KacHeTTepiH, QuirouaTepain (a3ajiblK MiHE3-KYJIKbIH JKOHE a3/blH BIKTHMAJ
MUIpaLUsChIMEH, KabaT jKyHeciHe TEXHOIeHMIK ocepMeH OaiaHbICTBl y3aK Mep3imji
TOyEKeIepi €CKepe OTHIPHIN, aiaay pexKUMICPIH OfaH dpi OHTAMIAHIBIPYIbI TAAl eTeIi.

Kinm ce30ep. kabat KbICBIMBIH YCTall TYPY; ra3 aiiay; )KOFapbl KYKIpTTi ra3; calkJInHT-
[polIecc; MyHai-ra3koH/IeHCcaT KeH OpbIHAaphl; KykipreyTek; Kazakcran Pecriydnukach.
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3AKAYKA BBICOKOCEPHHUCTOI'O I'A3A JUIA MOJJIEPKAHUSA
HJIACTOBOI'O JABJIEHUS HA HEOTEI'ASOKOHJIEHCATHbBIX
MECTOPOXAEHUAX PECIIYBJIMKH KAZAXCTAH

Auuomauuﬂ. B crarbe pacCMOTPEHBI TCXHOJOIMYECKHE H FGOHOFO-CIJHBHIICCKHG
ACIICKTBbI 3aKa4YKH  BBICOKOCCPHHCTOI'0 IIOIYTHOIO ras3a B [TIPOAYKTHBHLIC IIJIACTEI
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He()TEra30KOHJCHCATHBIX MECTOPOXKACHHH C LENbI0 MOJJIEpKaHus IUIACTOBOIO JABJICHHS,
YTUIM3AIMH  KUCIBIX Ta30B W MOBBINIEHHS 3()(DEKTHBHOCTH pa3pabOTKU  3alekei.
IIpoananu3upoBaHbl NPENNOCBUIKM  LIMPOKOTO BHEAPEHUS JAaHHOH TEXHOJIOrMHM Ha
KpynHeimux MecropoxaeHusx PecryOnukn Kasaxcran — Kapauaranakckom, TeHruszckom u
Kamaranckom, BkIroYas AeUIUT MOMIHOCTEH 10 nepepabOTKE CEpHHCTOrO rasa,
OrpaHMYEHHs MO BBHIOPOCAM 3arpsA3HAIOIIMX BELIECTB W HEOOXOAMMOCTH IOBBIMLICHHS
KO3 PHUIIMEHTA N3BIEUECHHS YTIIEBOIOPOJIOB.

OTMeueHbl OCHOBHBIE IPOMBIIUIEHHO-0€30MACHBIE, JKOJOIMYECKUE M TEXHHMKO-
SKOHOMHYECKHE (haKTOPBI, ONpPEeIIAIOINe BLIOOP 3aKaYKH I'a3a B Ka4eCTBE MPHOPUTETHOTO
arcHTa BO3JICHCTBHA Ha IUIACT, a TaK)Ke TPeOOBaHMS K FTePMETHYHOCTH CKBAXKHH, YCTOHYHBOCTH
00CaHBIX KOJOHH M KOPPO3HOHHOH CTOMKOCTH 00OpYNOBaHUs TpH paboTe B arpecCHBHBIX
cpenax.

Ha mnpumepe KapauaraHakckoro MeCTOPOXKIAEHUSI PacCMOTPEHO MpPUMEHEHHE
CalKJIMHI-IIpoLiecca KakK IPAKTHYECKOro MeToja yBENMYeHHs Kod(pHLUUEHTA H3BICYCHUS
JKUAKHX YIJICBOJAOPOJOB B Ta30KOH/IEHCATHBIX 3alIeikax, CHUKCHHS IOTEph KOHJEHCaTa B
TIacTe U CTaOMIIM3AIMH SHEPTETHUECKOTO COCTOSHUS 3aNEHKH.

ITokazaHo, uYTO 3aKayka BBICOKOCEPHHCTOTO TIa3a SBISIETCS BAXHBIM 3JIEMEHTOM
CHCTEMBI [OJICPAKaHUS [IACTOBOIO JAABJICHHUS U PALMOHAIBHOIO HEJIPOIIOIb30BAHMA, OJHAKO
TpeOyeT JajbHeilled ONTHMM3alMM PEXHUMOB 3aKa4KH C YYETOM TIeOJIOrMYecKOi
HEOJTHOPOJHOCTH KOJUIEKTOPOB, (DHUIBTPAIIHOHHO-EMKOCTHBIX CBOMCTB mnopoj, ¢(a3oBoro
NOBEACHHUA (UIFOMAOB M JIONTOCPOYHBIX PUCKOB, CBSI3aHHBIX C BO3MOKHONH MHUIpallMEH rasa
TEXHOr€HHbIM BO3/€IICTBMEM Ha IJIACTOBYIO CHCTEMY.

Knarwwueevie cnoea. llojjepxaHue  IUIACTOBOIO  JABJICHMA;  3aKayka  rasa;
BBICOKOCEPHHUCTBIA Ta3;, CAMKIMHI-TpoIece; He(TEra3oKOHICHCATHBIE MECTOPOKICHHMS,
cepoBoaopon; Pecnybnuka KazaxcraH.

Introduction. The development of deep oil and gas condensate fields in the Republic of
Kazakhstan, characterized by high hydrogen sulfide content and complex fractured—porous
reservoir structures, is accompanied by intensive reservoir pressure decline and rapid depletion
of natural reservoir energy [2,3,9,15].

Among the largest and most technologically complex assets are the Karachaganak,
Tengiz, and Kashagan fields, distinguished by substantial hydrocarbon reserves, high initial
reservoir pressures, and increased aggressiveness of formation fluids [15—18]. Maintaining the
energy state of reservoirs is a necessary condition for sustaining stable production levels of oil,
gas, and condensate, increasing hydrocarbon recovery factors, and ensuring efficient long-term
development of the resource potential of these fields [1,4,5,6].

Development projects for these fields envisage the application of reservoir pressure
maintenance systems based on the reinjection of associated and formation gas, which 1s also
considered a technological solution for the utilization of hydrogen sulfide—containing gases and
for reducing environmental loads [10; 12; 17; 18; 20]. At the same time, the effectiveness of
gas injection in terms of improving ultimate oil recovery and gas condensate recovery remains
debatable and is largely determined by geological heterogeneity of reservoirs, fracture systems,
porosity—permeability properties of rocks, and specific features of the phase behavior of
formation fluids under changing thermobaric conditions [7,8,9,13].

In this context, a relevant scientific and practical task 1s a comprehensive analysis of the
efficiency of high-sulfur gas injection at various stages of field development, taking into
account domestic and international experience, as well as substantiation of optimal injection
regimes ensuring technological, industrial, and environmental safety [10,14,19].
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Research Materials. The study is based on open and generalized information sources
reflecting the current state and experience in applying associated gas reinjection technologies
at the largest oil and gas fields of the Republic of Kazakhstan [1,2,3,4,5,6,7,8,9,12,13,14,15].
The materials used include:

« published scientific articles and review papers by domestic and international authors on
reservoir pressure maintenance and gas reinjection;

« proceedings of conferences, symposia, and industry forums on the development of oil
and gas condensate fields;

e generalized data from monographs, textbooks, and reference publications on
hydrocarbon field development;

e data presented in open analytical reports and presentation materials of operators of
major oil and gas projects in Kazakhstan;

e regulatory and technical documents and industry guidelines governing gas injection
technologies and industrial safety requirements for handling high-sulfur associated gas.

The materials are of a review and informational nature and do not contain primary field
or experimental data.

Research Methods. The study employs general scientific theoretical and analytical
methods aimed at systematizing and generalizing existing information without conducting
original experimental or computational work [1,2,5,6,9,13].

« analysis and synthesis to identify key factors determining the effectiveness of associated
gas injection and to form an integrated view of technological and economic aspects of the
method;

« comparative analysis to compare different approaches to reservoir pressure maintenance
(gas injection, water flooding, combined methods) at the level of concepts and practical
experience reported in the literature;

« systematization and classification to structure information by application areas (pressure
maintenance, cycling process, associated gas utilization, industrial safety issues);

« logical generalization to formulate conclusions on the advantages, limitations, and
prospects of gas reinjection at oil and gas condensate fields;

e review and analytical method for critical consideration and interpretation of existing
scientific and industrial approaches without verification based on original calculations or
modeling.

Research Limitations. This study is of a review and analytical nature and does not
involve field observations, laboratory experiments, or reservoir simulation. The conclusions are
based on the interpretation and generalization of data presented in open sources and reflect the
current state of the problem in the scientific and technical literature.

Results and Discussion. The analysis of the practice of associated gas reinjection at the
largest o1l and gas fields of the Republic of Kazakhstan reveals a number of key results and
patterns characterizing its technological, economic, and environmental efficiency
[12,15,16,17,18]. First of all, associated gas injection has become an integral element of the
development strategy of the country’s largest oil and gas projects.

The historical experience of the Karachaganak field, as well as the subsequent
implementation of similar solutions at the Tengiz and Kashagan fields, demonstrates the high
adaptability of this technology to the conditions of large oil and gas condensate accumulations.
In practice, gas reinjection has evolved from an experimental or auxiliary measure into a core
technological solution for fields with a high gas—oil ratio.

From an economic and resource perspective, the selection of gas as a reservoir pressure
maintenance agent represents a justified alternative to conventional water flooding. Due to
water scarcity and the high cost of constructing water treatment and injection facilities, water-
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based reservoir pressure maintenance in Kazakhstan is expensive [4,6,9]. Therefore, the use of
associated gas, which is already produced together with oil, is a more economically viable
option, as it does not require the construction of additional water supply systems and improves
the overall project economics.

An additional factor strengthening the feasibility of gas reinjection is the limitation of
commercial utilization of associated gas [10,14,19,20]. The high content of hydrogen sulfide
and other acid components complicates gas processing and commercial use, while low domestic
gas prices reduce the investment attractiveness of gas processing facilities. Under these
conditions, gas injection into the reservoir serves not only as a reservoir pressure maintenance
method but also as an effective associated gas utilization tool that minimizes flaring volumes
and related environmental impacts.

The analysis of technological aspects of gas injection indicates that this method stabilizes
the reservoir energy state and contributes to maintaining production indicators at relatively
stable levels. At the same time, limitations in o1l displacement efficiency are identified due to
the specific features of gas flow in fractured—porous reservoirs. Preferential gas flow through
high-permeability channels reduces sweep efficiency of the matrix part of the reservoir and may
lead to premature gas breakthroughs in producing wells [5,6,13]. This limits the contribution of
gas reinjection to direct oil recovery enhancement, especially under conditions of high reservoir
heterogeneity.

Issues of industrial safety and reliability of field equipment deserve special attention.
Injection of high-sulfur gas is associated with increased corrosion loads on field infrastructure
elements, which creates additional technological risks. Operational practice shows that without
the use of corrosion-resistant materials, inhibitor protection, and equipment condition
monitoring systems, the reliability of gas injection systems is significantly reduced. Thus, the
technological effectiveness of gas reinjection is directly related to the level of engineering
support and the quality of industrial safety systems.

A special place in the analysis is occupied by the experience of implementing the cycling
process at the Karachaganak oil and gas condensate field [7,8,16]. The results obtained show
that the reinjection of dehydrated gas allows maintaining reservoir pressure at a safe level at
which liquid hydrocarbons do not condense out of the gas phase in the reservoir. This prevents
condensate losses in the subsurface and promotes more complete recovery of valuable
components to the surface, providing an additional effect in the form of increased condensate
recovery factor, reduced hydrocarbon losses, and decreased flaring volumes. Under gas
condensate reservoir conditions, the cycling process demonstrates a more pronounced
technological and economic effect compared to conventional gas injection primarily aimed at
pressure maintenance.

Overall, the results of the analysis indicate that reinjection of high-sulfur associated gas
1s an effective tool for stabilizing the development of the largest fields in Kazakhstan; however,
its potential for enhancing oil recovery in fractured—porous reservoirs remains limited.

Prospects for further improving the efficiency of this technology are associated with the
improvement of injector well placement systems, the application of reservoir simulation to
optimize injection schemes, and the introduction of intelligent reservoir management systems
that allow timely response to changes in filtration and phase behavior conditions in the
reservoir.

Conclusions. The results presented allow general conclusions to be drawn regarding the
role and effectiveness of associated gas reinjection in reservoir development at the largest oil
and gas condensate fields of the Republic of Kazakhstan [1,2,3.4,5,6,7,8,9,12,13,14,15,16,17,
18]. The systematization of historical implementation experience, analysis of economic and
resource prerequisites, and consideration of technological limitations and practical cases made
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it possible to comprehensively assess the potential of gas injection as a reservoir pressure
maintenance tool and as a means of improving development efficiency.

Key conclusions:

I. The technology of associated gas reinjection into reservoirs has become a well-
established element of the development strategy for the largest oil and gas fields in the Republic
of Kazakhstan. The experience of the Karachaganak, Tengiz, and Kashagan fields demonstrates
a high degree of adaptability of this technology to the conditions of large oil and gas condensate
accumulations with high gas—oil ratios.

2 The choice of gas as a reservoir pressure maintenance agent in Kazakhstan is
economically and resource-efficient. Limited water resources and the high capital intensity of
water injection infrastructure make gas injection a competitive alternative to traditional pressure
maintenance methods.

8 A significant driver for the widespread implementation of gas reinjection is the
limited commercial utilization of associated gas due to its high hydrogen sulfide content and
the low economic attractiveness of gas processing projects under current pricing conditions.
Thus, gas injection performs a dual technological and environmental function.

4. While stabilizing reservoir pressure and production levels, gas reinjection in
fractured—porous reservoirs has limited potential for enhancing oil recovery due to uneven
sweep efficiency and the tendency of gas to preferentially flow through high-permeability
channels.

3. The efficiency and reliability of gas injection technology largely depend on the
level of industrial safety and technical equipment of field facilities. Injection of high-sulfur gas
requires the use of corrosion-resistant materials, inhibitor protection systems, and continuous
monitoring of equipment condition.

6. The implementation of the cycling process at the Karachaganak field
demonstrates that under gas condensate reservoir conditions, gas reinjection provides an
additional technological effect by preventing in-reservoir condensation of liquid hydrocarbons
and increasing the condensate recovery factor, thereby expanding the functional role of gas
injection beyond simple pressure maintenance.

T Promising directions for improving the efficiency of gas reinjection have been
identified, including the development and application of reservoir (hydrodynamic) simulation,
optimization of injection well placement, and the implementation of intelligent reservoir
management systems that ensure more uniform sweep of the reservoir and reduce the risks of
premature gas breakthrough.

REFERENCES

1. Aziz, H., Settari, E. Mathematical Modeling of Oil Field Development Processes.
Moscow: Nedra, 1982, 407 p.

2. Erlager, R. Fundamentals of Oil Field Development. Moscow: Nedra, 1985, 480 p.

3. Litvinenko, V.S., Korzhubaev, A.G., Eder, L.V. Development of Hydrocarbon Fields
under Complicated Geological and Technological Conditions. St. Petersburg: Mining
University, 2019, 312 p.

4. Aliev, A.Z., Mustafin, F.M. Technologies for Reservoir Pressure Maintenance at Qil
and Oil and Gas Condensate Fields. Moscow: Nedra, 2016, 256 p.

5. Lake, L.W. Enhanced Oil Recovery. Englewood Cliffs: Prentice Hall, 1989, 550 p.

6. Green, D.W., Willhite, G.P. Enhanced Oil Recovery. Richardson: SPE Textbook
Series, 2018, 545 p.

7. Whitson, C.H., Brule, M.R. Phase Behavior. Richardson: SPE Monograph Series,
2000, 233 p.

R R —
Nel (37) 2026 https://ojs.wkitu.kz/ 440



BKUTY XABAPHIBICHI. FouibiMu #KypHai ISSN 2706-6266
BECTHUMK 3KHUTY. Hayunsrii :xypuan ISSN 3007-1062
BULLETIN OF WKITU. Scientific journal ISSN 3007-1070

8. Danesh, A. PVT and Phase Behaviour of Petroleum Reservoir Fluids. Amsterdam:
Elsevier, 1998, 430 p.

9. Ahmed, T. Reservoir Engineering Handbook. 4th ed. Oxford: Elsevier, 2010, 1368 p.

10. Society of Petroleum Engineers (SPE). Acid Gas Injection and Carbon Dioxide
Sequestration. SPE Monograph, Richardson, 2012.

11. Jarrell, P.M.,, Fox, C.E., Stein, M.H., Webb, S.L. Practical Aspects of CO: Flooding.
Richardson: SPE Monograph Series, 2002, 220 p.

12.  Al-Hashim, H., Al-Mansoori, S. Gas reinjection for pressure maintenance in
carbonate reservoirs. Journal of Petroleum Science and Engineering, 2015, Vol. 133, pp. 193~
204.

13. Thomas, S. Enhanced oil recovery — An overview. Qil & Gas Science and
Technology, 2008, Vol. 63(1), pp. 9-19.

14. Konovalov, A.A., Sidorov, P.N. Injection of acid gases into the reservoir:
technological and environmental aspects. Qil Industry (Nefivanove Khozyaystvo), 2017, No. 9,
pp. 42-46.

15. Kuznetsov, V.G., Nurmaganbetov, A.A. Specific features of development of oil and
gas condensate fields in Kazakhstan. Oil and Gas of Kazakhstan, 2019, No. 3, pp. 15-21.

16. Operator’s report of the Karachaganak field on the results of implementing gas
reinjection technology. Aksai, 2018.

17. Development plan for the Tengiz field. Key technological solutions for the reservoir
pressure maintenance system. Tengizchevroil LLP, 2016.

18. Pilot industrial development project of the Kashagan field. Section “Acid gas
injection”. NCOC, 2017.

19. Industrial safety regulations for the development of oil and gas fields with high
hydrogen sulfide content. Astana: Committee for Industrial Safety of the Republic of
Kazakhstan, 2020.

20. Environmental Code of the Republic of Kazakhstan. Astana, 2021.

Nel (37) 2026 https://ojs.wkitu.kz/ 441



