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Abstract. The article objectives are developing hard-to-recover reservoirs and how to max-
imize oil production by formulating effective solutions for putting hard-to-recover reserves.

US, is planned to be put into development in 2022 and contains 52% of the initial reserves of
the entire field. US2 reservoir complicated by low permeability 0.6 mD, saturated intervals are 9.8 m.

The main method of developing hard-to-recover reserves in Western Siberia fields is hori-
zontal drilling with multi-stage hydraulic fracturing. As a matter of course, well designs were ana-
lyzed with different lengths of horizontal shaft and with a different number of hydraulic fracturing
ports. Calculations of starting flow rates and production profiles for various well options for a
typical well have been performed. The optimal solution was evaluated using the complex parame-
ter NPV and cumulative production.
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Annomayus. 1enblo cTaThy ABISIETCS MAaKCUMU3ALMS HOObMH He()TH ImyTeM (hOPMHPOBAHUS
9((eKTUBHBIX pelIeHHit 0 BBOAY B pa3pabOTKy TPYJHOM3BIICKAaEMBIX 3aI1acOB MECTOPOXKICHUS T.

OCHOBHYIO YacTb TpyIHOHM3BIIEKaeMBIX 3aracoB (52 %) 3anmMaet miact FOC,, BBoJ KOTOPOro
B pa3pabotKy 3arutanupoBad Ha 2022 roxa. FOC, xapakrepmsyercs HI3KoW mpoHuiaeMocTsio 0,6 MJ1,
He(TeHACHIIICHHAsT TONIIIHA COCTABILET 9,8 M.
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OCHOBHBIM METOJIOM Pa3pabOTKU TPYAHOU3BIICKAEMBIX 3aIlaCOB MECTOPOXKAeHMIT 3aman-
HoMt CubOupu sBISeTCsS TOPH3OHTAITEHOE OypeHHE ¢ MHOTOCTaJUHHBIM THAPOPA3PHIBOM INIACTA.
B craTtbe nmpoBoaUTCS aHAIU3 KOHCTPYKIUN CKBaXKUH C Pa3HOM JAIMHONU FOPU30HTAIBHOIO CTBOJA
U ¢ pasHbIM KoimdecTBoM moptoB ['PII. BrmmosHeHbI pacdeTsl cTapTOBBIX NeOWTOB M mpoduieit
JI0OBIYH 171 Pa3IUYHBIX BAPUAHTOB CKBAKHH JUTSI TUTIOBOM CKBaXMHBL OIEHKA ONTUMAIBHOTO pe-
LIEHHs IPOBOAMIIACH C MCHOIB30BaHNEM KOMIIEKCHOTO Kputepust NPV 1 HakomieHHOH 100B4H.

Kniouesvie cnosa: TpynHOM3BIeKaeMmble 3amachbl, 3¢ ¢ekTuBHas pa3paboTka, OypeHue,
METO/IUKA, HU3KOTIPOHHIAEMBIH KOJUIEKTOP

s yumuposarnus: bepaankos, J{. C. KommekcHoe 000CHOBaHHE CUCTEMBI pa3pabOTKU TIOMEH-
ckoit cutel / 1. C. Bepanukos, A. C. 3axaposa, A. E. Copokuna. — DOl 10.31660/0445-0108-
2022-2-53-60 // I3Bectust BeIcIINX yueOHBIX 3aBeneHuit. Hedts u ra3. — 2022, — Ne 2. — C. 53-60.

Introduction

Currently, the issue of developing hard-to-recover reservoirs is becoming
more and more topical. A few of recoverable oil reservoirs in Russia (over 65%)
are relating to low-permeability reservoirs. Therefore, the efficient development
of hard-to-recover reserves is one of the most important objects of oil and gas
companies. The Tyumen suite has great potential, but traditional methods are
ineffective for the development of such complicated reservoirs [1, 2].

The article objective is to maximize oil production by formulating effec-
tive solutions for putting hard-to-recover reservoirs into development using the
example of the US, reservoir of the T. field.

Object and research methods

The T. field is located in the Tyumen region, on the border of the Khanty-
Mansiysk and Surgut regions. The commercial oil and gas content of the field is
confined to oil reservoirs: AS;, ASy, ASs., USq, US,, US, and US,,. The layers
of the Tyumen suite (US,, US, and USy,) are characterized by low permeability
values and classified as hard-to-recover reservoirs [3]. These formations contain
over 60% of the initial reserves of the entire field. The main part of hard-to-
recover reservoirs (52%) is occupied by the US, layer of the T. field, which is
planned to be put into development in 2022 (Tab. 1).

Table 1
Hard-to-recover reservoirs properties

Hard-to-

recover

reserves US, US, USo

(Kd=0.2)
Permeability
! v v v

mD <2 0.6 0.2 1.7
Saturated <10 |v 9.8 | v 59 | v 9.8
intervals, m

The current design solution is an in-line system with a well spacing

800 m. All wells are horizontal with multistage hydraulic fracturing, horizontal
wells with a length of 800 m, at each 4" stage of hydraulic fracturing.
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Effectiveness of the existing design solutions of the reservoir US, was as-
sessed. During the pilot period, 3 wells were drilled (including 2 horizontal wells
with a length of 500 m, 5 hydraulic fracturing stages). According at a rough
guess of decline rates in oil flowrate, there is a significant excess relative to the
design ones (plan -22 %, actual -70 %) (Fig.1). The sharp deviation of the pre-
dicted rates from the actual ones is due to the lack of response to injection at the
current well spacing.
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Fig. 1. Decline rates in oil flowrates

In addition, based on the results of drilling and pilot testing, the geological
concept was refined - the permeability increased by 15% and became 0.6 mD.

Taking into account the high rates of decline, a methodology has been
prepared to substantiate the optimal system for the development of objects com-
plicated by low permeability (Fig. 2). The main method of developing hard-to-
recover reservoirs in Western Siberia fields is horizontal drilling with multi-
stage hydraulic fracturing [2, 4-6].

Calculati h‘o‘l"“i::np:;“\::"ri tersof [ Caleulation of optimal well conditions H Justification of the well grid J
I B

s Justification of the distance between hydraulic Substantiation of bottomhole pressure of Justification of the ratio of production and
fracturing ports injection wells injection wells

Justification of the length of the horizontal
wells

—

Fig. 2. Methodology for substantiating the development system

As a matter of course, well designs were analyzed with different lengths
of horizontal shaft and with a different number of hydraulic fracturing
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ports [7-9]. Calculations of starting flow rates and production profiles for vari-
ous well options for a typical well have been performed. The optimal solution
was evaluated using the complex parameter NPV and cumulative production.

Results and discussion

Based on the results of the analysis of well indicators for similar fields,
it is recommended to take the direction of the designed horizontal wells in the
azimuth of 165°-345° (along the stress) [10-13]. Based on the results of calcula-
tions, for Lgs 800-1300 m, the optimal distance between hydraulic fracturing
ports is 90-120 m, and for Lgs 1300-1700 m, the optimal distance between hy-
draulic fracturing ports is 130-160 m (Fig. 3).

Complex parameter to L, 800-1700 m

1.0 1Ho-fracs
B &
*— I — ]
5 op 1U_f‘rilts - ——300 m
B 10 fracs I - 1000 m
-
E 06 9 fracs
g o — — s — —— 1200m
a3 10 fracs .
.,__—————.
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Fig. 3. Determination of the optimal number of hydraulic fracturing ports

Using the complex parameter (1), which takes into account NPV and cu-
mulative production for options with different number of hydraulic fractures and
length of horizontal wells, the optimal length of horizontal wells for the US;
formation was determined as 1500 m [14-15].

K = \/Knpv * Ky,

NPV — NPV* 0—0Q"
where KNPV = —rKQ = Q*

NPV*
To determine the ratio of production and injection wells in the US; for-
mation the following equation was used (2):

o))

d
(Pres - szo )NprOd/loilKg%d =
- KSW if ew
inj inj prod
(Pauto frac — PT@S) N*™ Awae {KDW if DW} ' )

prod
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For the directional well maintain reservoir pressure system, the ratio of
production to injection pressure is 1 : 3, for horizontal wells maintain reservoir
pressure system, the ratiois 1 : 1 [16-18].

Using a complex parameter, the optimal time for the injection wells flow-
back was determined (Fig. 4), which is 3 months.
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Fig. 4. Determination of the optimal time of injection wells development

To determine the well network, a full-size hydrodynamic model was used,
as well as a complex parameter. According to the calculation results, the optimal
option is with a grid density of 87 hectares/well and the distance between the
rows is 400 m. According to the results of the calculation, the rates of decline are
characterized by more optimistic dynamics in comparison with the actual ones

(Fig. 5).
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Fig. 5. Decline rates in oil flowrates

Three options were involved in the comparison: "project-technological
document” - technological indicators of the current PTD without taking into ac-
count the revised geology, "Basic" - solutions of the current project document
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applied in an updated geological view, "Recommended" - proposed design solu-
tions based on the results of justification. A detailed description of the options is
presented in table 2.

The economic evaluation of the three options showed that the recom-
mended option with a horizontal well length of 1500 m, a distance between hy-
draulic fracturing ports of 150 m and a grid spacing of 400 m is characterized by
the best economic indicators (Fig. 6).

Table 2
Comparison of options
Parameter PTD Basic Recommended
Production well completion type
Horizontal well with multifrac

Injection well completion type
Horizontal well length, m 800 800 1500
Dlstan(_:e between hydraulic 200 200 150
fracturing ports, m
Distance between the rows, m 800 800 400
Well stock, units 90 103 165
Cumulative o_|I _productlon 119 11.2 15.7
(40 years), million tons
NPV, units - 1 1.7
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mmm \Well commissioning, PTD Oil production, basic
= Ol production, recommended s Oil production, PTD

Fig. 6. Comparison of starting metric options

The application of the recommended design solutions will increase the
cumulative oil production relative to the base case by 103%, NPV - by 70%.
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Conclusion

In reservoirs with low permeability the main method of developing is hor-
izontal drilling with multi-stage hydraulic fracturing [19-20]. In the course of
work well designs with different lengths of horizontal shaft and with a different
number of hydraulic fracturing ports were determined by complex parameter.

The formulated approaches to substantiating the development system can
be replicated in the fields of Western Siberia, the oil-bearing capacity of which
is confined to the Tyumen suite.
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