2026:49(1):46-54 | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £+
’ ’ | Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Brief report @ ®

EDN: RFSBBY Ev
DOI: 10.21285/2686-9993-2026-49-1-4

Multilateral stimulation technology as an alternative to hydraulic
fracturing for carbonate reservoirs with thin oil rims
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Abstract. The paper considers Multilateral Stimulation Technology, a wellbore stimulation technology designed to enhance oil
recovery in carbonate reservoirs with low vertical permeability and low effective oil pay. The purpose of the study is to analyze
Multilateral Stimulation Technology efficiency in reservoirs with oil rims thinner than 5 m in highly heterogeneous and fractured
rock conditions. The object of research is horizontal and directional wells equipped with radial formation drilling system using
retractable needles. The subject of the study is technological features of Multilateral Stimulation Technology application in-
cluding modifications involving acidizing of the rock ahead of the nozzle and mechanical drilling with turbine-driven mini-bits.
The research methods include field data analysis, a review of international and domestic experience, interpretation of field re-
sults, as well as a comparative assessment with traditional hydraulic fracturing. The mechanisms of radial laterals formation,
the influence of geological factors on technology efficiency, and filtration process modeling features are examined. The study
results demonstrate that Multilateral Stimulation Technology provides a controlled increase in reservoir drainage volume,
reduces the risk of water and gas breakthrough, and increases well productivity by 2—4 times compared to untreated wells.
Acid activation and turbine drilling significantly increase the penetration depth and stability of lateral channels. The technology
was found to be most effective in carbonate reservoirs with permeability of 0.1-10 mD and a low Kv/Kh ratio. It is concluded
that Multilateral Stimulation Technology represents a promising alternative for developing thin oil rims and hard-to-recover
reserves in the Russian Federation, offering a controlled substitute for conventional hydraulic fracturing.
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MHOFOCTOpOHHﬂﬂ CTUMynsauunsa nnacrta Kak aJibTepHaTuBa
rmagpaBiindyeCKomMy pa3pbiBy AnA Kap60HaTHbIX KOJ1J1IeKTopoB
C TOHKUMM He(*)TﬂHbIMVI OTOPOYKaMu

N.A. Apowyk®, B.IO. Mandunos®, N.C. Nywmune, [.C. MNoaonsko?

Y IpKymckull HayuoHasbHbIU uccredosamernbCKull mexHudeckul yHusepcumem, Mipkymck, Pocculickas ®edepauyusi
WUpkymckul eocydapcmeeHHbIl yHusepcumem, Mpkymck, Poccutickasi @edepayusi

Pe3rome. PaccmoTpeHa TEXHOMOrMs MHOFOCTOPOHHE CTUMynALmMm cTBorna ckBaxuHbl (Multilateral Stimulation Technology),
npegHasHavyeHHasi Ans NoBbIleHNss HedpTeoTaaun B kapOOHaATHBIX KOMJIEKTOPAX C HU3KOW BEPTUMKAIIbHOMW MPOHULAEMO-
CTblO U Marnon adeKTUBHON HedTeHackILLeHHON TonwmHoW. Llenbio nccnegosaHmsa aBnsieTca aHanus apeKkTMBHOCTH
Multilateral Stimulation Technology npu pa3paboTke TOHKUX HE(PTAHBLIX OTOPOYEK MOLLHOCTBIO MEHee 5 M B YCNOBUSIX Bbl-
COKOV HEOAHOPOOHOCTU 1 TPELLMHOBATOCTU Nopos. B kayecTBe o6bekTa nccnegoBaHus paCCMOTPEHbBI TOPU3OHTarbHBIE U
HaKIOHHO-HanpPaBneHHbIE CKBaXWHbI, 060PYAOBaHHbIE CUCTEMON pafmnanbHOro BCKPbITUS MacTa ¢ UCMoNb30BaHNEM Bbl-
OBWXHbIX . MNpeameTom nccrnefoBaHus ABNAOTCA TEXHOMNormdeckme ocobeHHocTn npumeHeHunsa Multilateral Stimulation
Technology, Bkno4as moaMduKaumMm ¢ KUCNOTHBIM paspyLleHneM nopogbl nepen ConfioM M MexaHn4Yeckum GypeHvem
MUWUHWU-40N0TaMm1 ¢ TYpOMHHBIM NprBoAOM. MeToabl CCNeaoBaHMS BKIOYAKOT aHanus3 npoMbICOBbIX AaHHbIX, 0600LweHre
3apyBexHOro 1 0Te4eCTBEHHOrO OMbITa, MHTEPNPETALMIO Pe3yrnbTaToB 3KCNMyaTauuy, a Takke CPaBHUTENbHYIO OLEHKY C
TpaaWLMOHHBIM rMapopaspbiBOM nriacta. PaccMoTpeHbl MexaH3mbl (GOPMUPOBaHUS paguanbHbIX KaHaNoB, BUSIHUE reo-
nornyeckmx akTopoB Ha 3 PEKTUBHOCTb TEXHOMOMMM M 0COBEHHOCTU MOAENNPOBAHMSA NPOLECCOB unbTpaummn. Pesynb-
TaTbl UccnenoBaHUs nokasbiBatoT, YTo Multilateral Stimulation Technology obecneunBaeT KOHTpoONMpyeMoe yBenumyeHne
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OpeHnpyemoro obbema nnacra, CHWKEHUe prcka npopbiBa BOAbI M rasa, a Takke NoBbilleHne KoadduuneHTa npoayk-
TMBHOCTM CKBaXWH B 2—4 pa3a no cpaBHEHUIO C HeobpaboTaHHbIMY aHanoramu. Icnonb3oBaHne KMCNOTHOM akTuBaLun
TypBuHHOro BypeHns nosbIWaeT rmyounHy 1 cTabunbHOCTb NPOHNKHOBEHUS BOKOBbBIX KaHaNOB. YCTaHOBMNEHO, YTO TEXHOIO-
rmst Hambonee agpdeKkTUBHA B kKapOGoHATHbLIX KonnekTopax ¢ npoHuuaemoctbio 0,1-10 MO n HU3kMM oTHoweHneM Kv/Kh.
CpenaH BbIBoA 0 BbicoKkol nepcnektuBHocTy Multilateral Stimulation Technology anst BoBneveHust TpyaHoOU3BneKkaemMbIix
3anacoB B TOHKUX HE(TAHbIX OTOPOYKax, a TakkKe O LienecoobpasHOCTN ee LLUMPOKOro BHEOPEHUS HA MECTOPOXAEHUSIX
Poccuickon ®egepaunm B Ka4eCcTBe anbTepHaTUBbLI HEKOHTPONVMPYEMOMY r'MapopaspbIBy nnacra.

Knroyeeble cnoea: MHOrOCTOPOHHSIS cTuMynsiuus, Fishbones, kapboHaTHbIN KonnekTop, ToHKasi HedpTsiHasi OTopouka,
paguvarnbHble kaHarbl, KUcrnoTHas o6paboTka, MMHU-00MOTO, TYPOUHHbBIM NPUBOZA, HU3Kas BepTMKarbHas NPOHULLAEMOCTb,
WHTEeHCcUMKaumsa 4oobium

Ana yumuposaHus: Apowyk WN.A., Mandunos B.FHO., MywmuH TN.C., NMogonsko O.C. MHOrOCTOPOHHASA CTUMYyNAUUS
nnacTa Kak ansTepHaTvBa rmapasnmyeckoMy paspbiBy Ans kapOoHATHBIX KOMMEKTOPOB C TOHKUMW HE(PTSIHBIMU OTOPOYKa-
mu // Haykun o 3emne n Hegpononb3oBaHue. 2026. T. 49. Ne 1. C. 46-54. https://doi.org/10.21285/2686-9993-2026-49-1-4.

Introduction

The development of carbonate reservoirs
with low effective oil pay and the close location
of water-oil and gas-oil contacts is one of the
most difficult challenges of the oil and gas indus-
try [1, 2]. In such conditions, the use of hydraulic
fracturing is often accompanied by uncontrolled
crack growth and premature well flooding [3].

Numerous studies indicate a decrease in the
efficiency of hydraulic fracturing in naturally frac-
tured and stratified reservoirs due to their high
sensitivity to the stress state of the reservoir [4, 5].
As a result, there is a water cut increase, a de-
crease in oil recovery, and an increase in operating
expenses [6].

As an alternative approach, the multilat-
eral stimulation technology, implemented in
Fishbones and Multilateral Jetting Stimulation
Technology (MJST) systems, has been devel-
oped in foreign practice [7, 8]. This technology
is based on designing a system of radial lateral
channels that provide mechanical connection
of the well and remote zones of the forma-
tion (Fig. 1).

Recent work has shown that the geometry of
such systems can be described effectively using
embedded discrete cracks of the EDFM (Embed-
ded Discrete Fracture Model)' [9—-11]. This made
it possible to consider the lateral channels as an
analogue of controlled microcracks.

-

Fig. 1. Needles in activated position, monitoring of the distance to the unwanted fluid
Puc. 1. U2nbi e akmueupoeaHHOM MOJIOXEHUU, KOHMPOJIb PaccmosiHUsi 30 HexxesamesibHO20 ¢hrrouda

"Moinfar A. Discrete fracture modeling of tight and naturally fractured reservoirs: PhD thesis. Stanford: Stanford University;

2013, 240 p.
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The relevance of this study is determined by
the need to systematise the accumulated expe-
rience of using the MST (Multilateral Stimulation
Technology) and assess its potential for developing
thin oil rims in conditions typical for deposits in the
Russian Federation [12].

The purpose of this work is a systematic anal-
ysis of the effectiveness of the multilateral stimu-
lation technology in developing carbonate reser-
voirs with thin oil rims, as well as substantiation
of its advantages over traditional methods of in-
flow intensification, including hydraulic fracturing,
based on the analysis of modern research and
field data [13, 14].

Materials and methods

The source database. The authors use the
method of analytical literature review, which in-
cludes systematisation and critical analysis of
modern foreign and domestic publications on the
technology of multilateral well stimulation and ra-
dial formation drilling:

— publications on MST and MJST in SPE and
SOCAR Proceedings [7, 8, 15];

— materials by Fishbones AS and Schlumberg-
er? [16, 17];

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

— results of laboratory tests of acid sys-
tems [18];

— hydrodynamic modeling data [9-11];

— reports on field tests® [12, 19].

In contrast to the experimental studies present-
ed in the primary sources, this work summarises
the results and interprets them in relation to the
conditions of the carbonate reservoirs of the Rus-
sian Federation* [20].

The design of the MST system. The MST
system includes couplings with radial channels,
retractable needles, hydraulic chambers, acid-sol-
uble elements, and a cutting tool for restoring the
bore section [16].

After installing the liner and the liner packer,
hydraulic activation is carried out. As a result, the
needles are introduced into the formation under the
influence of the pressure from the power fluid [7].

Acid penetration technique. The acid modifica-
tion of the MST uses hydrochloric acid supplied un-
der pressure through needle nozzles (Fig. 2) [18].

The acid destroys the carbonate matrix, re-
ducing the penetration resistance and forming
expanded channels [21]. The tests were carried
out in pressure chambers with extrapolation to
formation conditions [18].

Fig. 2. Introduction of needles into the formation by pumping hydrochloric acid under pressure
Puc. 2. BHedpeHue uan 8 nnacm 65a200apsi npokadyueaHuro nod daesieHUeM cosisiHOU Kucriomsl

2Schlumberger. Fishbone wells Technical Report. Houston; 2014, 80 p.

3Deloitte. Oilfield service market review. London; 2019, 120 p.
4Ahmed T. Reservoir engineering handbook. 2010, 1472 p.
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The mechanical drilling technique. In the mini-
bit modification, turbine drives, operating by pump-
ing the solution, are used (Fig. 3) [8].

This system ensures stable drilling of dense
limestones and dolomites with minimal lateral
drift [17].

Hydrodynamic simulation. Triple porosity mod-
els using the EDFM were used to analyse filtration
processes [9, 10].

The simulation included:
reconciliation of mining history;
sensitivity analysis;
optimization of the number of channels;
assessment of drainage zones [11].

Results and discussion

The presented results are based on a set of
field data, the results of hydrodynamic simulation
and laboratory studies of the interaction of acid
solutions with carbonate rock.

Field implementations. According to published
data, the MST and MJST systems have been im-
plemented in more than 120 wells in North Amer-
ica, Norway and the Middle East [7, 15, 16].

The technology has been used in produc-
tion and injection wells, including offshore
fields [17].

The effectiveness of radial formation drilling.
Field data show a steady increase in oil production
and a decrease in the skin factor [7, 12].

Radial channels effectively bypass the damage
zones of the bottomhole zone, forming equal inflow
distribution [4].

| 2026;49(1):46-54

Sensitivity analysis. Sensitivity analysis re-
vealed the influence of the number of channels
on the cumulative production [11].

It was found that an increase in the number of
branches to 8-12 provides the maximum increase,
which leads to the saturation effect [11].

With 15 channels, the productivity index ex-
ceeded the basic version by 3.3 times [11].

Laboratory and bench tests. Tests of acid sys-
tems revealed the dependence of the dissolution
rate on pressure and temperature [18, 21].

Additionally, the results of laboratory stud-
ies of the interaction of hydrochloric acid with
carbonate cores, conducted during modelling of
formation conditions, were used. It was found
that using solutions of hydrogen chloride (HCI)
with a concentration of 12—-15%, a more inten-
sive dissolution of the carbonate matrix occurs
with the formation of solution channels and an
increase in permeability by 2-5 times compared
with the initial values.

It has been shown experimentally that the rate
of dissolution of carbonate rocks depends on their
mineral composition and textural features. The
most intense dissolution was observed in rocks
containing an increased amount of dolomite and
characterised by a developed secondary porosity
system (Fig. 4).

The experimental results showed that acidiz-
ing intensely destroys the carbonate rock matrix.
In the number of samples, the degree of the rock
dissolution exceeded 80%, which indicates a sig-
nificant change in the structure of the pore space.

Fig. 3. Turbine drives (mini-bit modification)
Puc. 3. Typ6uHHbIe npueodsb! (Modughukayusi ¢ MUHU-0osIOMamMu)
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Fig. 4. Degree of rock dissolution vs time of exposure to hydrochloric acid:
1 — reaction rate in 15 min; 2 — reaction rate in 1 hour
Puc. 4. 3asucumocmb cmeneHuU pacmeopeHuUsi MopoObl om epeMeHu eo30elicmeusi CONITHOU KUCIOMbI:
1 — ckopocmb peakyuu 3a 15 MuH; 2 — ckopocmb peakuyuu 3a 1 4

As can be seen from Fig. 5, acidizing leads to
the rock destruction and the formation of directional
solution channels, providing a sharp increase in per-
meability. This mechanism is key in the implementa-
tion of the acid modification of the MST and provides
a reduction in needle introduction resistance.

The results obtained are consistent with foreign
studies of acidizing of carbonate reservoirs, where
the formation of so-called wormholes is noted, pro-
viding an effective fluid influx [22, 23].

A comparative analysis with the modelling re-
sults of hydraulic formation fracturing showed that
when using hydraulic formation fracturing, there is
a high probability of a crack going beyond the oil
zone, which leads to premature flooding of products.

At the same time, the use of MST technology
ensures a localised impact on the formation and
the development of channels strictly within the
pay zone. Calculations show that when using the

Limestone

a

MST, the reserve involvement ratio increases by
20-35% compared to hydraulic formation frac-
turing during the development of thin oil rims.

The results obtained are confirmed by foreign
studies, which note the advantage of controlled ra-
dial channels over hydraulic fractures in conditions
of high reservoir heterogeneity [24, 25].

Tests of the cutting tool have confirmed stable
operation at axial loads up to 1,500 kg [17].

Comparison with hydraulic formation fracturing.
Unlike hydraulic formation fracturing, the geometry
of the MST channels is set structurally and does
not depend on the stress field [3, 5].

It ensures a high level of controllability of the
stimulation process and minimises the risks of wa-
ter and gas breakthrough [6].

Configuration optimisation. The presence of
a production saturation point indicates the need
for optimal design of the number of channels [11].

Fig. 5. Changes in the structure of the carbonate core before (a) and after (b) acidizing
Puc. 5. UsmeHeHue cmpykmypbi kap6oHamHo20 kepHa Ao (a) u nocne (b) kucrilomHoz2o eo3delicmeust
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An excessive number of branches increases a
capital cost index without a proportional increase
in production [8].

System reliability. The development of control
systems for the removal of solid particles made it
possible to adapt the technology to soft cretaceous
rocks [15].

It reduces the risk of clogging and a collapse
of channels [17].

Limits of the technology. The main limits of the
MST are the following:

— the complexity of scaling laboratory data [18];

— dependence on the quality of drilling fluids [7];

— the need for a drilling rig for the MJST [8];

— high demands on engineering mainte-
nance [12].

Conclusion
Based on the analysis of literature sources and
field data, it has been established that the multi-
lateral stimulation technology is an effective tool

| 2026;49(1):46-54

for increasing oil recovery in carbonate reservoirs
with thin oil rims [7, 12].

The main conclusions:

1. The MST provides controlled expansion of
the formation drainage zone [8, 16].

2. Radial channels allow us to bypass dam-
aged areas and reduce the skin factor [4].

3. Acid and mechanical modifications expand
the scope of the technology [17, 18].

4. The EDFM modelling confirms the existence
of an optimal number of channels [9-11].

5. The increase in the productivity index reach-
es 3—4 times [11].

6. The technology is promising for imple-
mentation in the fields of the Russian Federa-
tion [12, 19].

Thus, the MST can be considered as a
scientifically based alternative to traditional
hydraulic formation fracturing in the develop-
ment of hard-to-recover reserves of carbonate
reservoirs.
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