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AxkmyanbHocmb. [udpasnudeckull paspei8 nnacma 8 000bBaloWUX U HaeHemamerbHbIX CK8aKUHaX fgnsemcs 00HUM U3 dghhekmus-
HbIX MEM 0008 N08bIW EHUS Hehmeomdayu Nnacmos, 8 0BIeYeHUS 8 Pa3pabomKy HU3KONPOHUYaeMbIX 30H U NPONIAcmKoe, MeX aHU3MOM
boree wupokoe 0 oxgama npoOyKMUBHbIX 30H 388 00HEHUEM, YMO NO38OIsiEM Nepesecmu Yacmp 3abanaHcosbix 3anaco8 8 NPOM bill-
NeHHbl€. [1o MHEHU0 3KCnepmos, npuMeHeHuUe 2udpopaspbiga niacma no3eonsem yeenudume Kodgheh uyueHm usenedeHuss Hegpmu u
2a3a Ha 10-15 %. B Hacmoswee epems 6ombliuHemeo HegpmsHbix MmecmopoxdeHuli [lepmckoeo kpas Haxo0sames Ha 3agepwaroweli
cmaduu paspabomku. Omu MecmopoXOeHUs, KaK npasuio, Xapakmepusyrmes Hamuyuem HedpeHUpyembiX 30H C 0CMamoyHbIMU 3an a-
camu U HUgkumu Oebumamu CK8axuH. bonbwas yacmb ocmamoyHbIX 3anacos MecmMopoxdeHull cocpedomoy eHa 8 HUBKONPOHULAEMbIX
Komekmopax C 8bICOKOU CmeneHbto HeodHopoOHocmU U 3ampyOHeHHoU ¢hunbmpayuel goudos. MogbiweHue npodykmugHocmu
CK8aXUH 3MUX 3KCN/TyamayuoHHbIX 00bekmos 0oCmu2aemcs 3a CYem NPUMEHEHUS Pasu4HbIX 2e01020-MeXHUYECKUX Meponpusmull.
Lenb: paspabomams MemoOuky npoeHo3uposaxus Oebuma Hehmu nocne audpagnuyeckoz0 paspsia niacma ¢ y4emom m exHomoe u-
YeCKUX Xapakmepucmuk 0bBbexmos.

06Bexmbi: Kawupckue u lModonbckue KapboHamHble OMIOXeHUst 00HO20 U3 MecmopoxOeHull Tepmckoeo Kpasi.

Memo0h: KOppenAyUOHHBIL U Pe2pecCUOHHbIL aHaru3.

Pesynbmamsi. Memod 2udpopaspbiga nmacma Wupoko npum eHsemces 0n1s yeenuyeHust npodykmugHocmu ckeaxuH. K coxaneHuio, no-
Ty4yeHHble Ha npakmuke 0ebumbl Heghmu He 8ce2da coomeememayiom npedsapumenbHbIM pacdemam. Ha npumepe 00HO20 U3 Mecm o-
poxdenuti [epmckoeo kpas npednoxeH Memod, no3e oSO UL N0 3HAYEHUSIM MEXHOT02UYECK UX NapamM empog NPOoOyKMUBHbIX OMITOX e-
HUl Memodamu Mamem amuy ecKoll cCmamucmuKku OUeHUMs HadyarbHbil 0ebum Hepmu nocne eudpaenuyeckoeo paspeisa nnacma. [lo-

JTy4eHO Xxopowee coernacue MOoOesTbHbIX U 3KCnepuMmeHmaribHbIX pPes3ynbmarmos.

Kntoyesnble cnosa:

udpopaspsis, Heghpmeomdaya nnacma, Oebum Heghmu, MexXHOTo2UYECKUE napamempb,

Kap6OoHamHbIe KOMIeKMOpbl, PE2PECCUOHHbIL  aHaNU3.

T'ugpopaspbis mnacta (IPII) sBasetcd omHuM U3
Hanbonee 3p(heKTUBHBIX METOJOB yBEIHUYCHU HEPTEOT-
gaun [1-12] u B To XK€ BpeMs OJHUM M3 CaMbIX JOPOTO-
CTOAMIMX.

[Ipu ucnons3oBanuu I'PII oTMeyaTCs TEHIEHIUHU K
YBEJTMYEHHI0 00BOJAHEHHOCTH, @ TAKKE Pe3KOMY CHIK e-
HUIO TIPOAYKTMBHOCTH CKBaXHHBL OIT0 MOTpeboBaio
npuMeHeHns MHoroctaguiiHoro I'PII, a Taxxe moBTop-
ueix omepanuit ['PII [13]. BBujpy wusmeHenus mons
HaNpsKEHUH, M0 CpaBHEHHUIO ¢ ofHodTanHbM [ PII, me-
HAETCA KapTHHA PacIpOCTpaHEHHs TPELIMHbI, Y4TO MpH-
BOJHT K TIOAKTIOUCHHIO paHee HeQUIBTPYEMBIX YIaCTKOB
[14].

B cBsI3u ¢ M3N0XKEHHBIM BCTAET 3a]a4a TMPOTHO3UPO-
BaHus >pQextuBHoctn omepannit I'PII. Ha sdpdextns-
HocTh I'PII, HECOMHEHHO, BIUAIOT KaK IeOIOTHUYECKHE,
TaK ¥ TexHoJoruueckue nmapametpsl [15-19]. K coxane-
HHUIO, TIOMYYeHHBIC HA MPAKTHKE JeOUTH HE(TH HE BCeraa
COOTBETCTBYIOT MPEBAPUTENbHBIM pacueTaM.

Hns onHoro m3 MectopoxkaeHui Ilepmckoro kpas
OBLIO PacCMOTPEHO BIMSAHUE TeOJOTHYECKHX TapaMeTpPOB
Ha HavanbHbI aebut Hedtu mocae TPIT [20-22].

B nacTosmeil paboTe mpejanoxkeH METo, 03B I0-
IHUA 110 3HAYEHHAM TEXHONOTHYECKUX MapaMeTpoB Mpo-
AYKTHBHBIX OTNOXKEHUH METOZaAMH MaTeMAaTHYECKOH cTa-
THCTHKH CIIPOTHO3MPOBATh HAYANIbHbIH 1e6UT HETH TO-
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cie TuapopaspsiBa. OObEKTOM HCCNEIOBAHUS MOCTYK -
mu kamupckue (K) n mogonsckue (ILn) kapboHaTHEIE OT-
noxenus. UMeloTcs JaHHBIE 0 HAYaIbHOM Je0uTe HE(TH
(Q.) mocne T'PIT 1 HeCKONbKHX TEXHOIOTHUYCCKHUX Mapa-
MeTpax o 12 ckBaxkuHaM. B kauecTBe TEXHONIOTUYECKUX
MapaMeTpoB, BIUAIOMKX Ha dQ¢pextuBHOCTh ['PII, mpu-
HaTel: 00Bo qHeHHOCTS 10 ['PII (K}), mnactoBoe maBnenune
no I'PII (P,), ynenbHBI# pacxon mpomanTa (), pacuie-
HenHocTs (K), naBnenne cMblkanud Ha 3a6oe (P,) 1 1e-
out xuaxoctd g0 [PII (Q,) (tadm. 1).

Jls MapHBIX 3aBUCAMOCTEH ompeeIeHbl KO3 uiu-
SHTBI KOppelsunu (r) 1 YpOBHHM CTATHCTHYECKON 3HAUM-
moctH (p) (tabm. 2).

W3 1abn. 2 BUIHO, 9TO HAYANBHBIH 1eOUT HEPTH TIO-
cie T'PIT Q, xopomo KoppenmpyeT ¢ yAeibHBIM pacxo-
oM nponanTa (0y), pacuwieHenHoctsio (K,), 1aBieHuem
cMbikaHus Ha 3a00¢ (P,) u nedutom sxkuaxoctd no I'PIT
(Qx). B T0 %e BpeMst CymECTBYIOT CTATHCTHYCCKH 3HA-
YUMBIE CBSA3H MEKY:

o nebutoM xuakoctd (Q,) ¢ MIACTOBBHIM NaBICHHEM

(Pyy) 1 YACJIBbHBIM PacX0J0M IIPOIIaHTa (n);

e JaBleHHEM cMbIKaHHS Ha 3aboe (P) ¢ ynenpHBIM

pacxozom mponanTa () 1 pacuneHenHocTsi0 (K,);
® TIACTOBBIM JaBieHHEM (Pp;) U YIENbHBEIM PacXolI0M

npornanta (,).
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Tabnuya 1. Xapaxmepucmuku ob6vexmos pazpabomku Ka-
WUPCKUX U NOOOTCKUX KAPOOHAMHBIX OMJIO-
orcenuti npu npogedenuu I'PII Ha ckeasxcunax
Mmecmopocoenus llepmckoz o kpas
Characteristics of the Kashir and Podolsk car-
bonate reservoirs during hydraulic fracturing of
one Permian oil field wells

Table 1.

Je6ut nedtu nocne I'PIT Q,, T/cyT
Oil flow rate pre-frac Qo, t/day
O6Boauennocts g0 I'PIT K;, %

Water cut pre-frac W, %
ITnacroroe naenenue g0 I'PII Py,, MIla
Reservoir pressure pre-frac Ps, MPa
VY aenbHBIA pacxo] npomnanTa g, T/M
Specific proppant consumption g, t/m
Pacunenennocts Ky, en.
Reservoir compartmentalization C,, units
JlaBnenne cMpIkaHus Ha 3a00€ P, atm
Closing pressure downhole P, atm
Nebwur xuakoct 10 TPIT Qx, M3/CyT
Liquid production rate pre-frac Qi, m*/day

6,0 25,7 7,9 7,2 1 191 2,4
6,7 36,0 3,4 10,43 3 138,8 3,7
6,1 36,0 4,09 10,17 2 161,1 3,0
4,4 0,0 7 5,31 1 245 0,0
5,5 33,0 8,63 6,45 2 161 1,0
6,0 32,6 7,17 10,19 4 156 1,7
4,9 419 | 7,891 7,26 2 163,4 1,9
5,6 20,4 | 7,822 8,59 2 166 0,5
6,0 20,6 5,09 8,90 4 155,5 2,3
5,6 20,5 | 5,806 6,08 2 186 1,8
7,0 10,5 | 6,218 8,11 4 120,7 1,9
5,0 10,5 | 6,218 8,03 1 173,3 1,3

Jlns mapaMeTpoB HCXOOHOH BBIOOPKH C BBHICOKHMH
KO3 QUIUEHTAMH KOPPEJIANUH W HU3KAMH YPOBHAMH
CTATHCTHYECKOH 3HAYMMOCTH TOCTPOCHBI KOPPENSIIHOH-
Hble Tions (puc. 1).

[lo 3HaueHNAM K03(PUINEHTOB KOPPEIALUHE TEXHO-
NOTHYECKUX TapaMeTpoB ¢ aebutom Hedtn Q, U ypoBHA
CTATHCTHYECKOH 3HAYMMOCTH OMpEHeNsIeTcs CTENeHb
BIMSHUS 3THX TIApaMeTpoB HA HAvyaNbHBIH 1eOUT HedTH
nocie ['PII. C ucrnonp3oBaHMEM PErpecCHOHHOTO aHANHU-
32 CTPOMTCS MHOTOMEPHOE YPAaBHEHHE PErpecciuu, B Ko-
TOPOM 3aBHCHMOIl TEpEeMEHHOIH BBICTYMAaeT MOACIbHOE
3HaueHue neOuta He)TH Q:e(’p, a HE3ABHCHMBIMU — TIa-
paMeTpsl BHIOOPKH, I KOTOPEIX YPOBEHH CTaTHCTHUC-
ckoii 3HaunmMocTu p<0,05.

B obmeM BHAe ypaBHEHHE 3aIHCHIBACTCS CIEAYIO-
UM 00pa3oM:

Teop_
Qu "=ay + ayqtay Kytaz By + a, 0y,

Tae dy, di, ..., G — DPETPECCHOHHbBIE KOI(D(HITHEHTHI,
ompeieNseMble METOAOM HAMMEHBIITHX KBA/IPATOB.

ITo naHHBIM BBHIOOPKH METOIOM IONIATOBOTO PETpeC-
CHOHHOTO aHalu3a ObLI0 TOCTPOSHO MHOTOMEPHOE ypaB-
HEHHE UI1 OLECHKM MOJENbHBIX 3HAYEHWI HAYaIbHOIO
ne6urta Hedu mocae I'PII:

QI =5,093+0,052q, +
+0,154K  —0,009P, +0,5999Q, ,
npu R?=0,82, p<0,08, N=12, rue R? - K03 UIHEHT Je-
tepMuHanui, N — 00beM BEIOODKH.

CorocTaBneHne MOJCTbHBIX U (aKTHUECKUX 3HAUe-
Huii nebuta Hedtr nocne ['PII mpuseneHo Ha puc. 2.

Taonuya 2. Koppenayuonnas mampuya ons evioopku Kawupckux u I10001bCKUX KAGPOOHAMHBIX OMIO0NC EHULL MECMOPOACOe-

nus Ilepmckozo kpas

Table2.  Correlation matrix for a sample of Kashira and Podolsk carbonate deposits of one Permian oil field
Qu, TlcyT Ks, % P, MIla Qu, T/M Ko, en. Pes;, atmM Qx, MlcyT
Qo, t/day W, % Ps, MPa gp, t/m C;, units Pc, atm Qi, m*/day
Qu, /eyt 1 r=0,2502 r=-0,4852 r=0,6205 r=0,6764 r=-0,7714 r=0,6973
Qo, t/day p=0,433 p=0,110 p=0,031 p=0,016 p=0,003 p=0,012
Ks, % 1 r=-0,0710 r=0,4716 r=0,1965 r=-0,4570 r=0,5735
W, % p=0,826 p=0,122 p=0,541 p=0,135 p=0,051
Py, MIla 1 r=-0,5771 r=-0,3162 r=0,2985 r=-0,7102
Pr, MPa p=0,049 p=0,317 p=0,346 p=0,010
Ou, T/M 1 r=0,5666 r=-0,6642 r=0,6420
Op, t/m p=0,055 p=0,018 p=0,024
Ko, en. 1 r=-0,7163 r=0,3638
C;, units p=0,009 p=0,245
Pe, atm 1 =-0,5624
Pc, atm p=0,057
Qx, M cyT 1
Qi, m*/day

Hpu/vteltaﬂue.' 6 yuciumeiie YKa3aHo 3Ha4enue Koad)d)uuueHma Koppeniyuu, 6 3nameHamene — ypoeeHb cmamucmuy4eckoul
3HauuMocmu (p); KPACHbIM 6bl0€NIeHbl CIAMUCIUYeCcKU 3HAYUMble KO uyuenmol Koppenayuu, 011 komopwvix p<0,05.

Note: the numerator indicates the value of the correlation coefficient, the denominator indicates the level of statistical signifi-
cance (p); statistically significant correlation coefficients, for which p<0,05 are highlighted in red.
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JlaBiicHIEe CMBIKaHHS Ha 3a00€, aT™M Jle6ut sxumkoctu go I'PIT, M3 CyT

Puc. 1. 3asucumocmu npocHo3upyemoeo Hauanbhoeo Oeouma wedpmu nocie I'PII ¢ mexHonoeuveckumu napamempamu:
a) yoenvhulil pacxod nponanma; 0) pAcuIeHeHHOCmb, 6) OdGlIeHUe CMbIKAHUA HA 3a60e; 2) 0edum HCuoKocmu 00
I'PIT

fracturing: dissertation. — Atlanta: Georgia, 2006. - 301 p. URL:
hpps://repository.gatech.edu/bitstreams/b33¢7c1f-13d2-4 e54-
8343-b57565cf754a/download (nara obpamenns 15.01.2023).
A study on the optimization of fracturing operation parameters
based on PCA- BNN / Tan Chaodong, He Jiayuan, Zhou Tong,
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Figl. Dependencies of predicted initial oil flow rate after hydraulic fracturing with technological parameters: ) specific
proppant consumption; 6) reservoir compartmentalization; ) closing pressure downhole; 2) liquid production rate
pre-frac
8 I I ] — AOGcComoTHOE OTKIOHEHHE MOJENbHBIX 3HAYCHHH

e |V 1,3686x - 2,2975 eA-"" HaYaIbHOro 1e0uTa HE(TH OT €ro (aKkTHYECKHX 3HAue-
gz r=0,901 /i” HUi Ha IpoMbicTie HaxoauTcs B auanasowe ot 0,1 1o 1,1
E( : 6 /' npu cpeaneM — 0,5 T/cyt. O THOCHTENIbHOE OTKIOHEHHE —
z E: . o .- ¢ ¢ B nuamnaszone 1,87 no 24,62 % npu cpennem 8,86 %.
=Ne¢ e ‘e
§ = 4 L7 f‘/ BiiBoab!
] - 4
s g JPiad o B pesynbrate BBHIMONHEHHBIX HCCICIOBAHUHA YCTa-
3 HOBJIEHO:
3®aKTquCKHﬁ 66% ch)m% vt 8 | 1. Ha snauenue mayanbHoro ae6uta nemn mocne I'PII
a w 7O B Kamupckux u [logonbckux kapOOHATHBIX OTIOX e-

Puc. 2. Koppensyuonnoe none mooenvhvix (Qi*°P) u pax- HUAX OJHOTO M3 MeCTOpOXAEHHE IlepMcKoro kpas
muueckux (Q,) sHavenuii navamwHozo Oebuma OCHOBHOE BIMSHME OKa3blBAIOT YJENbHBIH pacxof
nedpmu nocre I'PIT oxn cxacun Kawwperux u Ilo- NPONAHTA, PACUICHEHHOCTb, JABIEHHE CMBIKAHUS Ha
OO0IbCKUX Kap60Hamelx OMJIOHCEHUU MeCmOpPOoIHC- 6 6 FPH
Oenus Mepckozo Kpas 3a00€ 1 1€OUT KUIKOCTH 0 .

. o Theo 2. TlpenmoxeHHBIA cOCcO0 MO3BONAET C UCIIONb30BAH M-
Fig. 2. Correlation field of model (Q, ***") and actual (Q) €M TeXHOJNOTMYECKHX MapaMeTpoB O0BEKTA MPOTHO-
values of the initial oil production rate after hydrau- paMetp 6 P

lic fracturing for wells of the Kashirsky and Podolsk 3MPOBATH 3HAUCHHE HAUANBHOrO AcONTa HedTH MmocTe
carbonate deposits of the Perm region field I'PIT 70 ero mpoBeneHus.
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INFLUENCE OF TECHNOLOGICAL PARAMETERS ON HYDRAULIC FRACTURING EFFICIENCY
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Relevance. Hydraulic fracturing in production and injection wells is one of the effective method for enhancing oil recovery, involving low-
permeability zones and interlayers in the development, a mechanism for a wider coverage of productive zones by waterflooding, which
makes it possible to convert part of off-balance reserves into commercial ones. According to experts, the use of hydraulic fracturing can i n-
crease the oil and gas recovery factor by 10-15 %. Currently, most of the oil fields in the Perm Territory are at the final stage of develop-
ment. These fields, as a rule, are characterized by non-draining zones with residual reserves and low well flow rates. Most of the remaining
reserves of the fields are concentrated in low-permeability reservoirs with a high degree of heterogeneity and difficult fluid fiftration. The in-
crease in the productivity of wells of these production facilities is achieved through the use of various geological and technical measures.
The main aim: to develop a methodology for predicting the oil production rate post-frac with parameters that influence more, taking into
account geological and technological characteristics of the object.

Objects: Kashirskiy and Podolskiy carbonate deposits on one of the Permian fields.

Methods: correlation and regression analysis.

Results. The hydraulic fracturing method is widely used to increase well productivity. Unfortunately, oil flow rates obtained in practice do
not always correspond to preliminary calculations. Using the example of one of the fields in the Perm Territory, a method proposed that al-
lows estimating the initial oil production rate after hydraulic fracturing using the values of the technological parameters of productive depos-
its and the methods of mathematical statistics. A good agreement between model and experimental results was obtained.

Key words:
Hydraulic fracturing, enhanced oil recovery, oil flow rate, technological parameters, carbonate reservoirs, regression analysis.
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