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YBEJINYCHUE TEXHOJIOTUYECKOI

3 eKTHBHOCTH Ir'HAPOpa3phIBa
[U1aCTa, YBEIMYCHUE
[POBOIMMOCTH TPELLUHBI
THAPOpAa3pbIBa IUIACTA,
YBEIMYCHUE OXBATa 110 [UIOLIAIN
U paspesy, COKpalieHne
HEKOHTPOJIMPYEMbIX YTEUEK
JKMAKOCTH PaspbiBa, COKpaICHHE
BBICOTBI TPEIIHHBIL.

The study presents an overview of the formation hydraulic fracturing application in carbonate deposits of fields of the Republic of
Komi and Nenets Autonomous Okrug. The formation hydraulic fracturing technology has become widely used in carbonate
reservoirs since 2012, with over three hundred well jobs performed. A significant share of residual recoverable reserves in carbonate
deposits needs to be withdrawn; production rates need to be increased, inter alia, by way of the formation hydraulic fracturing. In the
conditions of gradual deterioration of porosity and permeability of candidate wells, maintaining a steady level of technological
effectiveness of hydraulic fracturing is ensured by implementing new technologies and optimizing standard processes. The hydraulic
fracturing implementation issues are inextricably connected to the main issues of oilfield developments and specific structural
features of carbonate reservoirs. Taking into account the specific structural features of carbonate reservoirs and existing development
issues, the main objectives of the formation hydraulic fracturing have been determined: fracture conductivity increase; horizontal
and vertical sweep increase; reduction of uncontrolled leakage of fracturing fluid; reduction of fracture height in conditions
of adjacent water- and gas-saturated interbeds.

Presently, a number of technologies has been successfully adapted and is used at the Republic of Komi and Nenets Autonomous
Okrug sites. Due to the implementation of the integral approach to selection of the hydraulic fracturing technology modifications,
taking into account the existing oilfield development issues and structural peculiarities of carbonate reservoirs, the reliable
effectiveness of the method has been ensured in the conditions of deteriorating candidate wells; the technology application range has
been extended. The study suggests expanding the range of the existing laboratory analyses to include such aspects as determination
of stress intensity factor — fracture resistance and Biot’s poroelastic parameter, study of leakage rate dynamics in regard to various
fracturing fluids, depending on the reservoir properties of core samples at given gradients, determination of dependence of proppants
dynamic transfer on rheological properties of fracturing fluids and their filtration rates for various degrees of fracture model opening.

PaccmarpuBaeTcst OIBIT POBEIECHNS IMAPOPA3PHIBA IIacCTa B KApOOHATHBIX OTIIOKEHUSIX MecTopoxaeHnit Pecy6imkn Komu
n HeHnerxoro aBTOHOMHOTO OKpyra. MaccoBoe NpUMEHEHNE TEXHOJIOTUH THIPOpa3phiBa IUIACTa HA KAPOOHATHBIX KOJUIEKTOPaX
Havasoch ¢ 2012 r., BHITOIHEHO (0JIee TPEXCOT CKBAKMHO-ONEpaLyii. 3HaUMTEIbHAS T0JIS OCTATOYHBIX U3BJICKAEMBIX 3aI1acOB
B KapOOHATHBIX OTJIIOKEHMSAX MPEIONpeeNnsieT HeOOXOIUMOCTh MX BOBJICUCHHUS M YBEIMUYCHHS TEMIIOB BHIPAOOTKH, B TOM
YHCNIe 3a CYeT NMPHMEHEHMs] TMAPOpa3pblBa ILIACTA. B yCIOBHSX IOCTEHEHHOrO YXYAIICHHS (DHIBTPALMOHHO-EMKOCTHBIX
CBOMCTB CKBOXHH-KaHUATOB HO/ICP)KaHNE CTAOMIBHOTO YPOBHS TEXHOJIOTHYECKOH d(()EeKTHBHOCTH IHApOpa3phiBa Macta
obecrieurBaeTCs 3a CUET BHEAPEH s HOBBIX U ONITUMH3ALMH CTAHAAPTHBIX TeXHONOTHIA. [IpobieMbl peam3any rujipopasphbisa
IUIACTAa TECHO CBSI3aHBI C OCHOBHBIMH BOIPOCAMHU Pa3pabOTKNU MECTOPOXACHHH M OCOOCHHOCTSIMM CTPOCHHMS KapOOHATHBIX
koyiekTopoB. C yderoM ocoOeHHOCTEH CTpoeHHs KapOOHATHBIX KOJUIGKTOPOB M CYIIECTBYIONIMX MHPoOIeM pa3pabOTKH
OIIPE/ICIICHbI OCHOBHbIC 33/1a4i IIPH pean3allii THAPOpa3phiBa IUIACTA: YBEINUCHUE NPOBOJMMOCTH TPEIIMH; YBEIHYCHHE
0XBaTa I10 IJIOIAN U pa3pe3y; COKpAIlCHHEe HEKOHTPOINPYEMBIX yTEUEK JKUIKOCTH Pa3pbIBa; COKPAIICHNE BBICOTHI TPEIIHHbL
B YCJIOBUSIX OJIM3JIEKAIMX BOJO- U TA30HACBIILICHHBIX MPOTIIACTKOB.

Ha Texyluii MOMEHT psJi TEXHOJIOTHil YCICIIHO aJaNTHPOBAaH M MPHMEHSETCsl Ha 00BEKTaX MeCTOpOoXAeHHil PecryOnuku
Komu m Henerxoro aBTOHOMHOTrO OKpyra. 3a CYeT peajn3alMil KOMIUIEKCHOTO II0AXoja HpH mHoxdope Moauduxarmit
TEXHOJIOTUH THAPOPA3pbIBA IUIACTA, YYUTBIBAIOIIETO CYIIECTBYIOIIHE MPOOIEMBI pPa3padOTKH MECTOPOXKIACHHI U 0COOCHHOCTH
CTpoeHHsI KapOOHATHBIX OOBEKTOB, OOECHEYCHO IMOAACpIKAHHE CTAOMIBHOH d((EKTHBHOCTH MeToga B YCIOBHSIX
YXYAMIAOMEHCS CTPYKTYPHl (JOHIA CKBAXKHH-KAHAWIATOB, a TAKKE pAaCIIMPEHHe OOJACTH IPUMEHCHUS TEXHOJOTUH.
TTpeuioKeHb! HANPABJICHHS PACIIMPEHNUS CIIEKTPA BBIOIHACMBIX JJaOOPAaTOPHBIX MCCIIEI0BaHUIA: onpeeneHue koddduimenta
WHTCHCUBHOCTH HANpSDKEHWH — TPEIIMHOCTOMKOCTH ¥ IIOpOylpyroro mapamerpa buo, wnccienoBaHne JHMHAMHKH
HMHTEHCHUBHOCTH YTEUEK PA3JIMYHBIX JKMAKOCTEH pa3pbiBa B 3aBHCHMOCTH OT KOJUIEKTOPCKHMX CBOMCTB 00pa3lloB KepHa IpH
3a[aHHBIX [Eperajgax, ONPEACICHHE 3aBUCHMOCTH [JUHAMHYECKOTO IEPeHOca IMPONMAHTOB OT PEOJIOTHYECKUX CBOMCTB
JKHIKOCTEH Pa3pbIBa M CKOPOCTEH MX (DHIIBTPALMH JUIS PA3ITHYHBIX PACKPBITOCTEH MOIEIH TPEIMHEI pa3phiBa.
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Introduction

The major part (more than 60 %) of residual
recoverable reserves in the Republic of Komi and
Nenets Autonomous Okrug (NAO) is concentrated in
carbonate reservoirs. Therefore, the effective recovery
of the reserves from carbonate reservoirs is highly
relevant today.

Productive deposits with carbonate-type reservoirs are
associated with Silurian, Lower Devonian, Upper
Devonian-Tournasian, Serpukhovian, Middle- and Upper
Carboniferous, Lower Permian deposits. The production
facilities have widely ranging geological and physical
parameters (Table).

A significant share of the residual recoverable reserves
in carbonate deposits needs to be withdrawn; production
rates need to be increased, inter alia, by way of the
formation hydraulic fracturing (FHF). In the fields of the
Republic of Komi and NAO, the formation hydraulic
fracturing technology has been widely used in the
carbonate reservoirs since 2012, with over three hundred
well jobs performed. Fig. 1 shows the dynamics of the
main geological and physical parameters of the formations
covered with FHF [1].

Under gradual deteriorations of porosity and
permeability of candidate wells, maintaining a steady level
of technological effectiveness of hydraulic fracturing is
ensured by means of new technologies and optimized
standard processes.

Over the period from 2012 to 2018, eight FHF
modifications were tested at carbonate production sites
of the Republic of Komi and NAO. Out of this number,
four technologies have been implemented in scope of
pilot production works (PPW), and two technologies
have been accepted for commercial use. Besides, three
technologies have been tested outside PPW.

FHF implementation issues are inextricably connected
to the main issues of oilfield developments and specific
structural features of carbonate reservoirs. For instance,
reservoirs with non-draining areas due to low reservoir
properties and proximity of gas- or water-saturated

interbeds are exposed to risks of FHF fracture vertical
rupture due to poor filtration of the fracturing fluid and
low contrast of stresses even at minor treatment volumes.
In case of inferior energy states of the deposits, the risks
are associated with high leakages of the fracturing fluid,
incomplete vertical sweep and low conductivity of the
created fractures [2].

Taking into account the specific structural features
of the carbonate reservoirs and existing oilfield
development issues, the main objectives of the
formation hydraulic fracturing have been determined:

1) fracture conductivity increase

2) horizontal and vertical sweep increase

3) reduction of uncontrolled leakages of the
fracturing fluid

4) reduction of fracture height in conditions of
adjacent water- and gas-saturated interbeds.

Presently, a number of technologies has been
successfully adapted and used at the Republic of Komi
and NAO sites. Further discussed are examples of FHF
implementation to achieve the aforementioned
objectives.

Fracture Conductivity Increase

At the first stage of the FHF technology
implementation in the carbonate reservoirs, the acid FHF
(AFHF) technology was extensively used, with a gelled
cross-linked acid as a diverter. During further replication
of the FHF technology at the sites with high formation
compartmentalization, the proppant FHF technology was
tested. Notably, according to the results of laboratory
studies, the value of proppant embedment into the
carbonate rock in the conductivity cells appeared to be
comparable to terrigenous-type reservoirs, and thus the
possibility to use proppant to stabilize fractures in the
carbonate deposits was confirmed.

The previously implemented AFHF technologies at
the carbonate sites often had low effectiveness: over the
first months of the well operation, the oil output increment
tended to sharply decrease. Probable causes of AFHF low

Geological and physical parameter variation ranges in oil-gas plays with the carbonate-type reservoir

. Depth of Net thickness, . . Oll. Formation | Formation Permeability,
Oil-gas play Porosity, % | viscosity, | temperature, | pressure, 2 1 n-3
occurrence, m m um=-10
mPa-s °C MPa
Republic of Komi, Nenets AO

Silurian 33104160 2.39-15.1 8.3-18.3 0.5-1.8 89-97 34.5-62.8 11-193
Lower Devonian 33404110 1.0-26.5 5.5-16.0 0.7-6.9 61-92.8 32.5-64.6 1.2-19.3
Middle- and Upper
Frasnian, Famennian, 885-4060 0.4-51.1 44-19.0 |0.2-152.6 19-98 8.5-42.1 0.7-320
Tournaisian
Serpukhovian, Middle- and
Upper Carboniferous, 860-3360 1.6-28.4 8.5-26.4 0.5-710 17-73 9.5-343 0.5-402
Lower Permian
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Fig. 1. Dynamics of the main geological and physical
parameters of formations in the Republic of Komi
and Nenets Autonomous Okrug covered by FHF

effectiveness were selective etching with the acid of the
most permeable interbeds and, consequently, the
incomplete vertical sweep; the reservoir clogging with
gelled acid destruction products. The proppant FHF
helped to reduce the oil output increment reduction
rates. By now, more than one hundred proppant FHF
were performed at 25 sites with the carbonate-type
reservoir. Additionally, the enzymatic destructor is used
to increase conductivity of fractures in the carbonate
formations; the specific consumption of proppant is
gradually increased, and the polymer concentration in
the fracturing fluid is reduced.

The Horizontal and Vertical Sweep Increase,
The Uncontrolled Leakage Reduction
of the Fracturing Fluid

Carbonate formations of Silurian, Lower Devonian
and Upper Devonian-Tournasian oil-gas plays of the
Republic of Komi and NAO have low porosity and
permeability (P&P) (permeability of some of the wells
is less than 0.001 pm?), high compartmentalization in
combination with high P&P vertical contrast across the
section, significant thickness (more than 30 m), and
substantial depth of occurrence (up to 4200 m). During
FHF, the following parameters had high values: fracture
closing gradient was more than 0.20 atm/m, the
fracturing fluid effectiveness was more than 70 %, net
pressure was up to 300 atm, and the presence of the
pressure-dependent leakage (pdl).

The implemented acid FHF technologies appeared
to have low effectiveness due to the insignificant
vertical sweep and presence of residual viscosity of the
applied gelled acid compound. The standard proppant
FHF technology also appeared to have low
effectiveness; the planned geometry of the FHF fracture
was not achieved due to premature injection stoppages.
The complications were caused by use of highly
viscous fracturing fluids (absence of their filtration to

the formation) and high rate of the concentration
increase of proppant. The injected proppant weight in
the standard approach did not exceed 20 t.

Taking into account the learnings from previously
performed jobs, in 2017, for the first time in the
oilfields of the Republic of Komi and NAO, high
volume proppant FHF technology was implemented,
where proppant weight was increased to 40 t.
Additionally, the following technological solutions
were implemented: in order to reduce the formation
fluid leakage, the combination buffer was used (the
linear+cross-linked gel, proppant plug pack 100 mesh),
the standard size reduction (the major part of proppant
was 30/50, the minor part was 20/40) and proppant
concentration (a reduction from 900 to 350 kg/m?), the
injection rate increase (from 2.5 to 4.0 m’/min). The
FHF implementation according to the optimized
technology resulted in a significant increase of the
producing formation thickness by 6.9 times and the
technological effectiveness increase by 2.5 times,
compared to standard proppant and acid FHF
technologies [3].

Fracture Height Reduction

In one of the previous studies, carbonate deposits of
the Artinskian and Kungurian stages in one of the fields
of the Republic of Komi responded with low
effectiveness to standard acid and proppant FHF
treatments due to the absence of the vertical stress
contrast and bottom water eruption. In order to reduce
the fracture height, the FHF technological parameters
were optimized. We had the laboratory analysis of the
fracturing fluid, which resulted in reduction of the
polymer fraction in the fracturing fluid from 3.6 to 2.6
kg/m’ and in decrease of the injection rate from 3.5 to
2.6 m’/min. To improve fracture conductivity, the
maximum proppant concentration was increased from
800 to 1000 kg/m’, the combination buffer was used at
the main FHF, the enzymatic destructor was used. The
works made it possible to reduce the wellbore fluid
watercut on average by 6.1 %, and increase the
technological effectiveness by 1.8 times, compared to
the standard proppant FHF. The technology
comprehensive implementation at 25 wells resulted in
an increase of the overall oil recovery rate from the
deposit by 9.4 % in 2018.

Due to the implementation of the integral approach
to selecting the hydraulic fracturing technology
modifications, taking into account the existing oilfield
development issues and structural peculiarities of the
carbonate reservoirs, reliable effectiveness of the
method has been ensured in the conditions of the
deteriorating  candidate  wells; the technology
application range has been extended (fig. 2).
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Fig. 2. Dynamics in the number of performed FHF works,
the number of engaged sites, the number of the FHF
technologies and specific incremental oil output after
the FHF implementation in the oilfields of the Republic
of Komi and Nenets AO from 2012 to 2018

In order to improve the FHF technology
effectiveness in the carbonate reservoirs, more work has
to be done in order to implement effective modifications
of the method in scope of the aforementioned aspects.
Another topical issue is increasing the prediction
reliability pertaining to the fracture vertical and
horizontal propagation using geomechanical modeling,
which would take into account the stress state dynamics
of a strata in the course of oilfield development.

Expanding the Range of the Performed
Laboratory Analyses

To increase effectiveness of FHF, it is suggested to
expand the range of the performed laboratory analyses.
First of all it is advisable to study the stress intensity
factor, i.e. fracture resistance and Biot’s poroelastic
parameter (stress relaxation factor) required to specify
the stress profile and FHF design modeling. It is also
recommended to study the leakage rate dynamics in
regard to various fracturing fluids, depending on the
reservoir properties of core samples at given pressure
gradients, to provide a rationale for fracturing fluid
viscosity values required to ensure filtration in various
reservoir permeability conditions. Finally, it is
reasonable to determine the dependence of proppants
dynamic transfer on rheological properties of the
fracturing fluids and their filtration rates for various
degrees of the fracture model opening, to determine the
limit values of the fracturing fluid viscosity and
injection rate required to transfer the necessary
proppant concentration to the fracture.

Conclusion
The study made it possible to conclude that the

reservoir-focused selection of the FHF technology
parameters for specific geological and physical formation

conditions helps to create fractures with required
geometries, providing for the cost-effective recovery of
reserves associated with low permeability carbonate-type
reservoirs in the Republic of Komi and NAO. As part of
this work, we have established the main technology
improvement objectives, taking into account the specific
structural features of the carbonate reservoirs and existing
development issues. It is advisable to perform continuous
optimizations of the studied technology in order to ensure
effectiveness of the proposed method.
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