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Abstract. At the moment, hard-to-recover reserves start playing bigger role in oil production all
over the world. In Russia, they account for more than 65% of the total proved reserves. Therefore, the
effective development of hard-to-recover reserves is one of the most important and promising tasks of
oil producing enterprises. The Achimov formation in Western Siberia has large oil production potential,
but traditional approaches are not efficient enough to develop such complex reservoirs.

The purpose of the work is the development analysis and the best option selection for the
development of oil deposits of hard-to-recover reserves. The article considers various ways to solve the
problem. The most promising are the two options — the drilling of multilateral wells and the drilling of
horizontal wells with low-volume hydraulic fracturing. As a result of the analysis of the geological
structure and calculation on the hydrodynamic model, it is concluded that the most optimal way is to
drill multilateral wells. Economic calculations confirm the feasibility and profitability of the project.
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Introduction
Hard-to-recover oil reserves are
characterized by  relatively  unfavorable

production to increase from 8% to 17% [1].
Therefore, the effective development of deposits
confined to low-permeability reservoirs is one of

geological conditions for oil occurrence and (or)
its physical properties (concentrated in deposits
with low-permeability reservoirs and viscous oil).
The cost-effective development of such reserves
can only be carried out using methods and
technologies that require increased capital
investments and operating costs compared to
traditionally used methods [1]. In Russia, the
share of hard-to-recover oil reserves reaches
more than 65% of all proven oil reserves. By
2035, the Ministry of Energy of the Russian
Federation expects the share of oil from hard-to-
recover reserves in the total volume of oil
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the most important and promising tasks for oil
producing enterprises.

The Achimov formation in Western
Siberia has a great potential for oil production —
more than 60 billion tonnes [2]. However,
traditional methods of oil production do not allow
to use it in full. Due to the complex geological
structure, low reservoir properties and poor
hydrodynamic coupling of the reservoir, the
Achimov deposits are often referred to as hard-
to-recover reserves. As a result, the effective
development of such deposits requires the search
for alternative approaches and new technologies.
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PJSC Rosneft Oil Company has experience
in developing fields complicated by hard-to-
recover reserves at the Sorovskoye field, which is
being developed in the conditions of low-
permeability deposits of the Achimov formation.
The Sorovskoye field was discovered in 2002;
the commercial oil content of the field is
confined to deposits of the Neocomian, Achimov,
Upper Jurassic and Middle Jurassic oil-bearing
complexes. The field is at the first stage of
development, which is characterized by a rapid
increase in production. The development of the
field is carried out with the maintenance of
reservoir pressure.

The aim of the work is to maximize oil
production by determining the optimal type of
well completion for drilling the Achimov
deposits of the Sorovskoye field. The object of
research is the BSq>Zach reservoir. The reservoir
was put into development in 2019 and contains
30% of the reserves of the entire oilfield. The
BSq??ach reservoir is represented by fundoform
deposits of the clinoform complex. The Achimov
deposits were formed at the foot of the shelf
during sediment sliding down the slope.
Accordingly, sandy-silty rocks have a complex
lenticular  structure.  The  porosity and
permeability properties of the studied deposits
drastically change within small areas, both
laterally and vertically. The main volume of the
deposit is occupied by the oil-water zone (93%).
This formation is the main one for stabilizing
field production in conditions of depletion of
reserves of the main development objects. The
reservoir is characterized by low permeability
(1.8 mD) and high stratification factor (16 units).
Reservoir oil reserves are put on the state balance
sheet as hard-to-recover.

Analysis of complicating factors of drilling
Based on the results of drilling and
launching the first production wells with large-

volume multi-stage hydraulic fracturing, the
conceptual model of the field was refined.
According to the new concept, the BSe?Zach
reservoir is represented by two units — the upper
one (h = 20 meters) is characterized by an
increased oil saturation factor, compared to the
lower one (h = 28 meters). Both units are
represented by high stratification factor. The
main complicating factor of development is the
high risk of fracture of hydraulic fracturing
breakthrough under the oil-water contact (OWC).
On average, in wells that have opened the lower
unit, the start-up water cut is 20% higher than in
wells with drilling only through the top pack.
Based on the updated conceptual and
geological model, a hydrodynamic model was
built, on which a predictive calculation was
performed according to the base case (with the
design solutions of the current project-
technological document (PTD) being preserved).
According to the results of the calculation, all
project wells were divided into two groups — with
normal and increased start-up water cut. The
location of the wells of the second group
corresponded to the zone dominated by the lower
unit, which is characterized by low saturation.
Thus, a zone was identified in which large-
volume hydraulic fracturing is risky and a
revision of design solutions is required (Fig. 1).

Selection of the optimal development

method

The work considered various ways to solve
the problem of high water cut. The most promising
are the two options — the drilling of multilateral
wells and the drilling of horizontal wells with
low-volume hydraulic fracturing [3, 4]. Both of
these options allow us to open the entire section
of the reservoir with high stratification factor,
provide the required development control and
significantly increase the productivity of the well
in low-permeability reservoirs.
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Fig. 1. Identification of risk zones by starting water cut of the BSq?>2ach reservoir of the Achimov formation
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Based on the literature review [3-6], a
block diagram was drawn up for choosing the
optimal well profile (Fig. 2). The most optimal
way is a multi-stage hydraulic for low-
permeability reservoirs. However, in conditions
of close location of the underlying water, a
transition to multilateral wells is recommended.
The investigated object is located on the border
by the value of the oil-saturated thickness, on the
basis of which the two most promising options
were identified:

— Horizontal wells with low-volume
hydraulic fracturing in the high-risk area;

— Multilateral wells in the high-risk area.

It should be noted that both options
provide for the drilling of a low-risk zone
with horizontal wells with large-volume multi-
stage hydraulic fracturing, in accordance
with the approved documentation. The location
of wells in the high-risk zone does not
change in the plan. Only the profiles of the wells
differ.

Choosing the type of
well completion

¥

[ perm > 30 mD ‘

perm < 30 mD
A ]

¥ ¥ - Y
‘ netoil >3 m J ’ netoil <3 m ’ net oil > 10 m [ net oil £ 10 m ]
¥ : \ ‘ y \ - v .I L
‘ Low ﬁsf:is()f rock J ( High”?:nss‘)f rack ‘ \ Low risk of coning ‘ [ High risk of coning ]

: *. )

( Str.factor < 3 1 ‘ Str.factor > 3 ‘

R I
¥ Yy

‘ Str.factor< 3 W Str.factor > 3

Horizontal wells with Multilateral wells with Multilateral wells with
low-valume hydraulic lateral position of vertical position of

Multilateral wells with Multilateral wells with )
lateral position of vertical position of Horizontal wells
wellbores wellbores

fracturing wellbores wellbores

Fig. 2. Block diagram of choosing the type of well completion

Results and discussion

Two variants with different types of
completion of wells located in the high-risk zone
were calculated on the hydrodynamic model —
multilateral wells and horizontal wells with low-
volume hydraulic fracturing. The corporate
software package RN-KIM was used for the
calculation. Due to the absence of the need to
simulate the phase state of the fluid, the black oil
model was used. The simulation results showed
that the “multilateral wells” and “low-volume
hydraulic fracturing” options are characterized by

comparable dynamics of technological indicators
(Fig. 3). On the example of two wells — 1G and
2G, a comparison of start-up flow rates by
options is given (Fig. 4). In the base case, there is
a high initial water cut due to the close
location of the underlying water. With the
complexity of the design in the form of
multilateral wells or low-volume hydraulic
fracturing, an improvement in start-up indicators
is observed, and water cut decreases. Over the 40
years of the forecast period, it will be possible to
produce 30% more oil compared to the base case.
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Plan — an option corresponding to the approved current project document

Basic — an option with the preservation of design solutions, but taking into account changes in the

geological basis

MW (Multilateral wells) — an option with placement of multilateral wells in areas of high water

content

LVHF (Low-volume hydraulic fracturing) — placement of horizontal wells with low-volume hydraulic

fracturing in areas of high water cut
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Fig. 3. Comparison of production and water cut indicators of wells in the BSs?%ach reservoir
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Fig. 4. Comparison of starting flow rates of the wells of the BSqs?>2ach reservoir of the Sorovskoye field selected
for calculation on a hydrodynamic model: a —well 1G, b — well 2G

Economic calculations for assessing the
financial performance of development options
were carried out on the basis of technological
calculations performed in the above-mentioned

part of this work. To assess the economic
model of the project, the discount rate was
taken at the level of 20% approved by the
Company.
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The economic assessment of all three
options the option “plan” is calculated in the
approved project document) showed that the
best economic performance is the option with
the replacement of horizontal wells with large-
volume hydraulic fracturing in the high-risk
zone with multilateral wells. The net present
value (NPV) of the multilateral well option is
10% higher than the large-volume fracturing
option due to lower capital construction costs.
Despite comparable production performance, the
low-volume hydraulic fracturing option is

characterized by lower economic performance.
This is due to the high cost of construction of
such wells relative to the multilateral wells.
Sensitivity analysis (Fig. 5) allows us to
talk about a fairly high efficiency of
technological solutions. The project is more
dependent on oil price fluctuations and is fairly
resistant to cost increases. A more favorable
market situation is a reserve for increasing the
efficiency of the project. The project proposed in
this paper is cost-effective and expedient and is
recommended for practical implementation.
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Fig. 5. Project risk sensitivity diagram
Conclusion This design solution made it possible to increase

Thus, despite the fact that horizontal wells
with multi-stage hydraulic fracturing are the
traditional solution for choosing a well
completion method in the development of hard-
to-recover reserves of the Achimov deposits, in
conditions of a close location of the underlying
waters, the option with the placement of
multilateral wells has shown greater efficiency.

the projected oil production by 30% compared
to the base case approved by the -current
project document. The results of this work can
be replicated both in the fields of Western
Siberia, the oil content of which is confined
to the Achimov suite, and in other objects
with similar permeability and contact oil
reserves.

41



Actual Problems of Oil and Gas. Iss. 2(37) 2022 http://oilgasjournal.ru

References

1. Sevastyanov A.A., Korovin K.V., Zotova O.P. et al. Features of the structure and assessment of
the potential of Achimov deposits in KHMAO-Yugra // Advances in Current Natural Sciences. 2016.
No. 8. P. 195-199. (In Russ.).

2. Borodkin V.N., Kurchikov A.R. Characteristics of the geological structure and oil and gas
content of Achimov complex in Western Siberia. Novosibirsk: Publishing House of the Siberian Branch
of the Russian Academy of Sciences, 2015. 300 p. (In Russ.).

3. Baluev AA, Vityaz A.V., Semenenko A.F. The choice of the optimal design of the production
system of wells in complex fields of Western Siberia with hard-to-recover reserves // Oil and gas
of Western Siberia: Proceedings of the All-Russian Scientific and Technical dedicated to the
45" anniversary of Tyumen fuel and energy complex and the 80" anniversary of Valery I. Grayfer,
20-21 October 2009. Tyumen: Tyumen State Oil and Gas University, 2009. Vol. 1. P. 143-146.
(In Russ.).

4. Belonogov E.V., Pustovskikh A.A., Samolovov D.A., Sitnikov A.N. Methodology for
determination of low-permeability reservoirs optimal development plan // SPE Russian Petroleum
Technology Conference and Exhibition, Moscow, Russia, 24-26 October 2016. Paper SPE-182041-MS.
11 p. https://doi.org/10.2118/182041-MS

5. Gilyazov M. Drilling of oil wells with sidetrack. Moscow: Nedra-Biznestsentr, 2002. 255 p.
(In Russ.).

6. Gudkov-Kuchenkov S.Yu., Kuchumov P.N. Application of polyhole wells for intensification of
oil extracting // Drilling and Oil. 2009. No. 1. P. 24-26. (In Russ.).

42


https://doi.org/10.2118/182041-MS

AKTyanbHble npobaembl HedTn U rasa. Boin. 2(37) 2022 http://oilgasjournal.ru
DOI10.29222/ipng.2078-5712.2022-37.art4 YOK 622.276

ddPeKTUBHAA cucTtema pa3paboTKu 3aneXKu TpyaHOU3BAEKAEMbIX
3anacos nnacta 6Cy22ay aummoBcKkoi Tonwm CopoBCKOro
MeCTOPOXAEeHUA
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AHHOTauuA. B HacToAwee Bpems TPyAHOM3B/AEKaeMble 3anacbl urpaloT 60nblylo ponb B
HepTAHOM NPOMbILIIEHHOCTU BO Bcem mupe. B Poccum mx pona pocturaet 6onee 65% oT Bcex
[OOKa3aHHbIX 3anacoB Hedptu. Mostomy sddeKkTnBHaa pas3paboTKa 3anexen TPYAHOU3IBAEKAEMbIX
3aMacoB — OJHa W3 BaXHeEWWWX W MepcrneKTUBHbIX 3adady HedTedobbiBalOWMX NpPegnPUATUNA.
AunmmoBckas Toswa B 3anagHon Cubupu obnagaer 60/bLIMM MOTEHUMANOM, HO TPaAULMOHHbIE
noaxoAbl HeAOCTaTOUYHO 3GPEKTUBHBI 1A Pa3pPabOTKM TaKUX C/IOMKHBIX KOJIJIEKTOPOB.

Lenbto paboTbl ABAAETCA NPOBEAEHME aHa/n3a M BblIOOP Hau/ydlero BapuaHTa paspaboTku
HedTAHbIX MECTOPOXKAEHWNI C TPYAHOM3BAEKaeMbIMM 3arMacaMu. B cTaTbe paccmMaTpUBalOTCS pasnyHble
cnocobbl peweHua aTol npobnemol. Hanbonee nepcneKkTMBHbIMKU ABNAIOTCA ABA BapuaHTa: bypeHue
MHOT03a60MHbIX CKBa)KMH U BypeHMe TopuM30HTa/IbHbIX CKBaXKMH C MNpoBeAeHWEM ManoobbeMHoro
rmgpopaspbiBa nnacta. B pesynbTate aHanM3a reosnorMYECKOro CTPOEHMA W pacyeToB  Ha
rMapoavHaMMYecKon Mogenu caenaH BbiBoA, YTO Haubosnee ONTMManbHbIM cnocobom ABnseTca
b6ypeHne MHOro3abolHbIX CKBaKMH. JKOHOMMYECKME pacyeTbl NOATBEPXKAAlT LenecoobpasHocTb U
peHTabenbHOCTb NPOEKTa.

KntoueBble cnoBa: ayMMOBCKaA ToOWaA, TPyAHOM3BAEKaeMble 3anachl, p,06bl‘-la Heq)TVI,
MHOro3abomHble CKBaXXWHbI, HM3KOI'IpOHMLI,aeMbIl71 KONNEKTOpP, rmMapopaspbiB nNa1acrta, ropu3oHTas/ibHblie
CKBa*XWHbl, 3aKaH4YNBaAHNE CKBAXKUH.

Ona uutuposaHua: bepoHukos [.C., 3axapoea A.C., CopokuHa A.E. 3dbdeKTuBHas cucrema
pa3paboTKM 3anemn TPyaHOM3BAEKaeMbIX 3anacoB niacta bCo?Zay aummosckoi Tonwm COpoBCKOro
mectopoxaeHua [/ AKkTyanbHble npobnembl HedpTM M rasa. 2022. Bwin. 2(37). C.36-44.
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