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Abstract. The purpose of this work is to improve the safety and cost-effectiveness of the counter-cementing process of
casing strings under conditions of lost circulation and the risk of gas, oil, and water shows, using the Yurubcheno-Tok-
homskoye field as an example. The causes of frequent failures of the universal preventer during the counter-cementing
with the closed universal preventer in order to create a vacuum effect were analysed. The study was given to the geological
and technical conditions of the Yurubcheno-Tokhomskoye field, which led to 28 cases of equipment failure in 2023-2024.
The design and operation principle of the sub-preventer sealer as an alternative technological solution were considered.
A comparative technical and economic assessment of the sealer implementation was performed and the discounted cash
flow, payback period, and profitability index were calculated. It was determined that the main cause of universal preventer
failures was due to the operation of the sealing element in an aggressive cement slurry environment under the influence of
a vacuum. It led to the loss of the second safety barrier. The proposed solution (to install a sub-preventer sealer between
the casing head flange and the blowout preventer crosspiece) allows to seal the annular space of the casing string without
the use of a universal preventer. The feasibility study showed that a one-time investment of 16 million rubles for equipping
5 drilling rigs covers the expenses during the first year of operation providing significant annual savings by eliminating the
repair cost of the drilling rigs. The introduction of a sub-preventer sealer makes it possible to eliminate a major technolog-
ical risk of second barrier failure during counter-cementing, thereby increasing the industrial safety of work. The technical
solution is economically feasible since its yield index is <1 and its discounted payback period is less than a year. It can be
recommended for use in fields with similar complex mining and geological conditions.
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Pestome. Llenbio aaHHOW paboTbl SBASMOCH MOBbiEeHUe 6e30nacHOCTM M 3KOHOMUYECKON 3(PEeKTUBHOCTM Npo-
Lecca BCTPEYHOro LIeMEHTUPOBAaHWUSA OGCadHbIX KOMOHH B YCMOBMAX MOMMOLWEHNS MNPOMbIBOYHOW XWOKOCTU W pU-
cka rasoHedTeBOAOMNPOSBrEHNA Ha npumepe HOpybueHo-ToxoMckoro mecTtopoxaeHusi. B xoge wccneposaHus
NpoBedeH aHanua MPUYMH YacToro BbIXOA4a W3 CTPOS YHMBEPCANbHOrO MNPEBEHTOPa MPW BbIMNOMHEHWN TEXHOMO-
TMW BCTPEYHOrO LIEMEHTUMPOBAHWA C 3aKpbITbIM YHMBEpPCanbHbIM MPEBEHTOPOM ANs CO3[4aHWs BaKyyMHOro ad-
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dekTa. M3sy4yeHbl reonoro-texHnyeckne ycnosusi KOpy64eHO-TOXOMCKOro MecTOopOXAeHusi, npveeplimne Kk 28 cny-
Yasm oTkasa obopypoBaHus B 2023-2024 rr. PaccMOTpeHbl KOHCTPYKUMS M MPUHLMN paboTbl NOANPEBEHTOPHOro
repmeT3aTtopa Kak anbTepHATUBHOMO TEXHOMOrMYecKoro pelleHus. BbinonHeHa cpaBHUTENbHAs TEXHUKO-3KOHO-
MUYeckasi OLeHKa BHeApeHUs repmeTusaTtopa C pacvyeToM AUCKOHTMPOBAHHOMO AEHEXHOro roToka, Cpoka oKyna-
eMOCTU W WMHAeKca OOXOAHOCTW. YCTaHOBMEHO, YTO OCHOBHAas MpuyMHa OTKasa YHMBEPCanbHOro npeBeHTopa —
paboTa ynnoTHUTENbLHOIO anieMeHTa B arpeccuBHON cpefe LieMeHTHOro pacTeopa Nnoj Bo34encTBMeM BaKyyma, YTo npu-
BOOMT K noTepe BTOporo bapbepa 6esonacHocTu. MpeanoxeHHoe pelleHne — ycTaHoBKa NOANPEBEHTOPHOro repMeTnsa-
Topa Mexay driaHLem KOMOHHOW ronoBKy 1 KPECTOBMHOW NPEBEHTOPa NPOTMBOBLIGPOCOBOro 060pyA0BaHNS — NO3BONS-
eT repmeTusMpoBaTh 3aTpybHoe npocTpaHCcTBO 06CagHON KONMOHHBI €3 MCNonNb30BaHUS YHUBEPCAnbHOMO NpeBeHTopa.
TexHVKO-3KOHOMUYECKasi OLeHKa nokasana, YTo eANHOBPEMEHHbIE MHBECTULMUN B pa3mepe 16 MnH py6. Ha ocHalleHne
5 BypoBbIX yCTAHOBOK OKYNatTCsi B Te4EHWe MepBOoro roga akcnnyaraumm, obecnevmsas 3HaunTeNbHY rog4oBYO 3KO-
HOMUIO 32 CYET UCKIIOYEHMS 3aTpaT Ha PEMOHT yHMBepCanbHOro npeeseHTopa. BHegpeHme nognpeBeHTOPHOro repme-
Tu3aTopa No3BONSAET YyCTPaHNTb KIMOYEBOW TEXHOMOrMYECKUI PUCK — OTKa3 BTOporo 6apbepa npu BCTPEYHOM LieMEHTH-
poBaHWW, TEM CaMbIM MOBbILLAS NPOMBbILLNEHHYI0 6e3onacHocTb paboT. TexHUYeckoe peLleHne SKOHOMUYECKU Lieneco-
06pasHo, xapakTepunsyeTcs UHAEKCOM AOXOAHOCTU MeHee 1 1 ANCKOHTUPOBaHHbLIM CPOKOM OKYNaeMoCTV MeHee roaa,
MOXeT OblTb PEKOMEHAO0BAHO ANsi MPUMEHEHUS HA MECTOPOXAEHNAX CO CXOXUMU CMOXHBIMW FOPHO-reonormyeckumm
YCrNOBUAMMW.

Knrodeenie cioea: BCTPEYHOE LIEMEHTVPOBaHWe, MOMoLLeHNe, rasoHedTeBOA0NPOABNEHNE, YHUBEPCATbHbIN MPEBEHTOP,
NOANPEBEHTOPHBIV repmMeTusaTop, 6e3onacHoCTb, 3KOHOMUYeckas 3 eKTUBHOCTb, KOpyGUeHo-ToXoMcKoe MecTopoXaeHue

Ans yumupoearusi: CobenHunkoB B.O., lNypa 3.H., CeepkyHoB C.A., Baxpomees A.l., byrnos A.H., Mappiwes O.1. MNo-
BbllLeHME 3PEKTUBHOCTM LIEMEHTUPOBAHNS CKBaXKWH B CIIOXKHbLIX FOPHO-TEONOMMYECKNX YCIOBUSIX 32 CHET NPUMEHEHUS
nognpeBeHToOpHOro repmetunaaTopa // Haykn o 3emne n Hegpononb3oBaHue. 2026. T. 49. Ne 1. C. 84-95. https://doi.org/

10.21285/2686-9993-2026-49-1-7.

Introduction

The construction of wells in complex mining
and geological conditions characterized by the
presence of abnormally permeable fractured
reservoirs is associated with high technologi-
cal risks [1-15]. One of the most critical risks
is the loss of drilling and cement slurry, which
leads to a decrease in the hydrostatic level in
the wellbore and creates prerequisites for gas,
oil, and water shows [7, 10, 16-20]. In fields
such as the Yurubcheno-Tokhomskoye field, the
standard operation of direct casing cementing
often proves ineffective due to the lack of cement
slurry return at the wellhead.

To ensure annular isolation under such con-
ditions, a counter-cementing technology is em-
ployed using a closed universal preventer (hy-
draulic universal preventer, HUP) and the injection
of foam cement slurry [9, 13]. This method creates
a vacuum effect and forces the cement slurry
into the formation [6]. However, practice shows
that this technique has a significant drawback:
the cement slurry and the back-pressure regime
cause rapid wear and failure of the rubber sealing
element of the HUP. The loss of HUP tightness af-
ter cementing means the effective absence of the
second (external) safety barrier, which poses a
direct threat of an uncontrolled blowout [16] during
subsequent penetration of productive horizons.
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Materials and methods

Let us consider the process of drilling flu-
id loss in different reservoir types. Drilling fluid
loss is the loss of a certain amount of drilling
or cement slurry as a result of its flow from the
wellbore into the formation.

Different reservoir types have distinct flow
and storage properties, which determine the
specific nature of losses inherent to each
reservoir type [11]. An abnormally permeable
carbonate reservoir (Fig. 1, a) is composed of
fractured carbonate rocks, in which fractures
have a vertical and subvertical orientation [14].
This significantly complicates the drilling pro-
cess in such a reservoir due to the occurrence
of catastrophic losses without circulation re-
turn. For comparison, in a terrigenous res-
ervoir [14] (Fig. 1, b), which is composed of
sandy rocks and is less permeable, the flow
and storage properties of an abnormally per-
meable reservoir ensure a high probability of
a critical drop in the drilling fluid level in the
wellbore [16].

The main factor in the occurrence of gas,
oil, and water shows. The occurrence of gas,
oil, and water shows is associated with a de-
crease in the hydrostatic level of drilling fluid in
the wellbore due to lost circulation in the produc-
tive horizon [16].
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Fig. 1. Reservoir (photo made by the authors of the article):
a — carbonate reservoir; b — terrigenous collector
Puc. 1. Konnekmop (gpomo aemopoe cmambu):
a — Konnekmop kapboHamHo20 muna; b — Kornekmop meppugeHHo20 muna

Due to the extremely high flow and storage
properties of the formation, the redistribution of
bottomhole pressures in the “wellbore—formation”
system takes a minimal amount of time. In prac-
tice, this is accompanied by a lightning-fast tran-
sition of the well from lost circulation to a gas,
oil, and water show (Fig. 2).

The main measures to prevent gas, oil, and
water shows are:

— Drilling using a rotary blowout preventer (ro-
tary universal preventer, RUP) [12];

Gas, oil, and water show from the Riphean productive horizon

OK-426 100 m

Static level height
of drilling fluid = 440 m

OK-324 427 m

OK-2452120 m

Shoe in the Teterskaya
Formation

asial

= upup up up =p |

-

Fig. 2. Occurrence of a gas, oil, and water show
(drawing made by the authors of the article)

Puc. 2. BosaHukHOgeHue 2a3oHeghmesodonposiesieHus!
(pucyHok cOenaH asmopamMu cmambu)

— Maintaining the static level above the critical
level during tripping operations;

— Careful monitoring of drilling fluid volume
in the drilling rig tanks.

Well casing process. The well casing process
at the Yurubcheno-Tokhomskoye field consists
of the following operations:

1) Pumping a buffer;

2) Mixing and pumping a foam cement slur-
ry [9];

3) Launching the cementing plug;

4) Pumping the displacement fluid;

5) Pressure testing the casing string;

6) Performing counter-cementing [17];

7) Creating a pressure of 100 atm in the cas-
ing string;

8) Connecting the cementing unit to the cas-
ing head;

9) Closing the universal preventer (HUP);

10) Checking injectivity;

11) Pumping the foam cement slurry [9];

12) Final stage — waiting on cement (WOC)
with the HUP closed.

After WOC, a loss of HUP functionality is of-
ten detected (Fig. 3), specifically the failure of the
sealing element. The cause of this incident is a
violation of the universal preventer’s operating
characteristics due to the equipment being used
in an aggressive working environment (cement
slurry) and operating under a vacuum effect
caused by the well back-pressure regime.

In total, for 2023 and 2024, 28 cases of
HUP failure were recorded at the Yurubcheno-
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Fig. 3. Damaged sealing element (photo made by the authors of the article):
a — top view; b — bottom view
Puc. 3. [MoepexdeHHbIl ynnomHumensHbil 31emeHm (¢ghomo aemopoe cmambuy):
a — eud ceepxy; b — sud cHu3y

Tokhomskoye field after counter-cementing op-
erations.

Due to the frequent failure of the rubber sealing
element of the HUP after counter-cementing, there
is a risk of being left without the second barrier,
which can lead to risks associated with danger
to human life and the loss of expensive equip-
ment. As a means of wellhead sealing for counter-
cementing, the use of a RUP could be considered.
However, during the pumping of the cement slurry,
there is a risk of it getting onto the lower installed
sealing element of the HUP, and due to insufficient
flushing during WOC, the cement slurry will harden
on the HUP sealing element, which will also neg-
atively affect its subsequent operation. It should
also be noted that it is not possible to abandon the
sealing of the annulus during counter-cementing,
as repeated counter-cementing would need to be
performed several times, which is impractical and
would lead to longer well construction times and a
significant increase in financial costs.

Results and discussion

A solution to this problem may be the use
of a sub-preventer sealer (Fig. 4), installed be-

WWW.Nznj.ru

tween the casing head flange and the blowout
preventer crosspiece of the blowout preventer
equipment. To date, the authors have not record-
ed the use of any kind of sub-preventer seal-
ers for counter-cementing at other fields. The
sub-preventer sealer presented in this article is
a newly developed piece of equipment that is
not yet in serial production. This equipment has
been developed to address cementing challeng-
es in complex mining and geological conditions
of oil and gas fields in the south of the Siberian
Platform.

The sub-preventer sealer consists of the
following components: a metal body (2), a noz-
zle (1) for injecting oil using a manual hydraulic
pump, and a sealing element (3) for the 245 mm
casing string located inside the body. That is,
pressurized oil enters the chamber between the
sealer body and the sealing element, causing
the membrane to compress around the casing
string. After completing the counter-cementing
operations for the 245 mm casing string and re-
assembling the blowout preventer equipment,
a special wrench (5) is used to lower the cup
seal (sealing element (4)) for the 178 mm casing

|87
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Fig. 4. Sub-preventer sealer (drawing made by the authors of the article):
1 — nozzle; 2 — sub-preventer sealer body; 3 — sealing element for OK-245; 4 — sealing element for OK-178;
5 — wrench for installing the sealing element for OK-178
Puc. 4. [TodnpeeeHmopHbIl 2epMemu3amop (pucyHok cOeslaH agmopamMu cmambu):
1 — wmyuep; 2 — Kopryc NoOnpeseHmMopHO20 eepmemu3damopa; 3 — yrninomHUMesnbHbIU 3r1ieMeHm
nod OK-245; 4 — ynnom+HumernbHbIl snemeHm nod OK-178; 5 — ko4 0n1s ycmaHo8Ku
yrnnomHumeribHo2o anemeHma rnod OK-178

string onto the sealer, engage it into the appro-
priate grooves, and then retrieve the wrench to
the surface. According to preliminary estimates,
the installation will take 5—10 minutes. Drilling
for the production casing will be carried out with
two membranes installed on the sealer. During
counter-cementing, the operating principle is the
same as for the intermediate casing string, ex-
cept that the first membrane will press against
the second, thereby fully compressing the 178
mm casing string. There is no need to close the
HUP in this case.

The inner diameter of the first membrane for
the 245 mm casing string in its inactive state is
320 mm; the inner diameter of the second mem-
brane for the 178 mm casing string in its inactive
state is 230 mm.

Figure 5 shows the installation location of the
sub-preventer sealer.

An alternative to the sub-preventer sealer
could be a single-ram preventer with rams for a
diameter of 245/178 mm.

Disadvantages:

— The cost is 2.5 times higher compared to
the sub-preventer sealer;

— Changing the rams takes significantly more
time than changing the sealing element of the
sub-preventer sealer;

— Pressure testing is required, as it is blowout
preventer equipment;

— Not suitable for all drilling rigs (e.g., drilling
rig BU-2900/200).

The sub-preventer sealer has the following
advantages:

— No need to use a HUP;

— No risk of failure of the second barrier;
consequently, all blowout safety regulations are
complied with;

— Cementing is performed with productive
horizons already open and gas-saturated, where
after completion of counter-cementing the level
drops below critical and a gas, oil, and water
show occurs, while the HUP remains operational.

The key point is safety. The sub-preventer
sealer will help preserve all expensive drilling
equipment in the event of a gas, oil, and water
show and, undoubtedly, the health and lives of
field personnel.

The economic effect will be discussed next.
The calculation was performed using the example

Www.nznj.ru




@Sobennikov V.0., Gura E.N., Sverkunov S.A., et al. Improving well cementing efficiency in complex... |
Co6eHHukoB B.O., lN'ypa 3.H., CBepkyHoB C.A. u Ap. MNoBbiweHne achchekTMBHOCTH LleMeHTI/IpOBaHVIiI...l

2026;49(1):84-95

Fig. 5. Installation location of the sub-preventer sealer (drawing made by the authors of the article):
1 — hydraulic hand pump; 2 — casing head; 3 — sub-preventer sealer;
4 — blow-out preventer crosspiece
Puc. 5. Mecmo ycmaHoeku nodnpeeeHmMopHO20 2epMemu3amopa
(pucyHok cOenaH aemopamMu cmambuy):
1 — Hacoc py4HoUl eudpasnuyeckuli; 2 — KONTIOHHasi 20/108Ka; 3 — noonpee8eHMOPHbIU 2epmMemu3amop;
4 — kpecmosuHa npPomueo8biIbpoco8o2o 0bopydosaHusi

of Drilling Company X operating in a field with an
abnormally permeable reservoir. There are five
drilling rigs in operation:

— Cost of the sub-preventer sealer, including
pilot tests/studies — 10 million rubles;

— Cost of the sub-preventer sealer during
mass production, per unit — 1 million rubles;

— Cost of the rubber sealing element for the
HUP, per unit — 360 thousand rubles;

— Cost of the rubber sealing element for the
sealer, per unit — 100 thousand rubles;

— Additional counter-cementing without annu-
lar sealing, per operation — 350 thousand rubles.

Expenditures in 2025 for replacing the HUP
sealing element will amount to 18 million ru-
bles.

Costs for purchasing the sub-preventer seal-
er for five rigs (of Drilling Company X) operating
in a field with an abnormally permeable reservoir,

including pilot tests/studies — 16 million rubles (of
which 10 million rubles are for conducting the
pilot tests/studies, 5 million rubles for purchasing
five sealers, and 1 million rubles for purchasing
ten spare rubber seals). It is also worth men-
tioning the importance of annular sealing during
counter-cementing. If this is not done, repeated
counter-cementing will need to be performed
2-3 times. Figure 6 shows the payback curve
of the sub-preventer sealer, characterizing sav-
ings of 35.7 million rubles over five years and a
discounted payback period within the first year.
Table 1 presents the investment costs for the
project, Table 2 indicates the annual cost sav-
ings from introducing the sub-preventer sealer
into production. Table 3 presents the operating
cash flow, taking into account the discount rate,
along with the profitability index and payback
period [8].
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Table 1. Project investment costs

Tabnuua 1. UHBECTMLIMOHHbIE 3aTpaThbl HA NPOEKT

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Name Amount with VAT, rub.
Purchase of equipment: sub-preventer sealer — 5 pcs. (including spare parts, tools,
accessories, and pilot tests/studies) 16,000,000
Total 16,000,000
Note. SPTA — spare parts, tools, and accessories. PTS — pilot tests/studies.
Table 2. Annual cost savings
Tabnuua 2. 9KkoHOMMS 3aTpaT B rog
Name Amount
Number of rubber replacements per year, pcs. 50
Cost of HUP rubber replacement, rub. 360,000
Annual cost of SPTA for the sub-preventer sealer for 5 drilling rigs, rub. 1,000,000
Annual HUP repair costs, rub. 18,000,000
OKOHOMUSA B rof, 17,000,000
Note. HUP — hydraulic universal preventer.
Table 3. Operating cash flow
Tabnuua 3. OnepauMOHHbIN AeHEXHbIN MOTOK
Indicator 2026 2027 2028 2029 2030
Operating cash flow, rub. 1,000,000 17,000,000 | 17,000,000 | 17,000,000 | 17,000,000
Investment cash flow, rub. 16,000,000 - — — -
Useful life, years 5
Depreciation charges, rub. - 3,200,000 3,200,000 3,200,000 3,200,000
Project cash flow, rub. 1,000,000 13,800,000 | 13,800,000 | 13,800,000 | 13,800,000
Cumulative project cash flow, rub. 1,000,000 14,800,000 | 28,600,000 | 42,400,000 | 56,200,000
Non-discounted payback period, years Less than 1 year
Refinancing rate, % 15.5 15.5 15.5 15.5 15.5
Inflation, % 5.9 5.9 5.9 59 5.9
Discount rate, % 21.4 214 214 21.4 21.4
Discount factor, abs. value 1.00 0.82 0.68 0.56 0.46
Discounted cash flow, rub. 1,000,000 11,367,381 9,363,575 7,712,995 6,353,373
Cumulative discounted cash flow, rub. 1,000,000 12,367,381 | 21,730,956 | 29,443,951 | 35,797,323
Séi)ig‘égﬁgn‘?‘;i?“\;‘gucj‘Sh flow + 1,000,000 | 17,203,295 | 14,734,839 | 12,701,515 | 11,026,619
Profitability index 3.54
Discounted payback period, years Less than 1 year
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Fig. 6. Payback schedule of the sub-preventer sealer for drilling company X
(graph made by the authors of the article)
Puc. 6. Npaghuk okynaemocmu noodrnpeeeHmMopHoO20 eepmemu3samopa
ons 6ypoeozo npednpusmusi X (pucyHok clenaH aemopamMu cmambu)

Using the Yurubcheno-Tokhomskoye field as  of the universal preventer sealing element when
an example, a thorough study was conducted. used for wellhead sealing — thereby preserv-

Let us now proceed to the concluding part. ing both safety barriers. The use of alterna-
tives (HUP, RUP) is impractical due to the high
Conclusion technological risks of subsequent inoperability

The introduction of the sub-preventer sealer  of this equipment, which is directly related to
is a key solution for improving the safety and  blowout safety. Furthermore, the use of RUP and
efficiency of well counter-cementing under lost HUP during cementing would lead to additional
circulation conditions. It eliminates the main  significant financial and time costs for the drilling
drawback of the conventional technology —wear  company.
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