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B paboTe NPUBOAUTCS aHAIUTUYECKOE peLleHne his paper provides an analytical solution for the
Moaenu Pseudo3D onga rugpopaspbiBa naacrta Pseudo3D model for hydrofracturing in a simplified
B YMPOLLEHHOW rEOMEXaHNYECKOM NOCTaHOBKE. geomechanical setting. The problem is solved in
3apaya pelaeTcs B 6e3pa3MepHbIX napameTpax aas dimensionless parameters to ensure the universality of the
obecneveHns yHBEPCaIbHOCTU peLleHus. CTposiTcs solution. Dimensional lengths on height are plotted.
rpadukm 6e3pa3mMepHON ANMHBI OT BbICOTbI, & TaKXe
rpadurk Aspect ratio TpeLLWHbl A9 pasHbIX. The obtained solution allows to quickly find the geometry
of the fracture during the development, as well as
[Mony4eHHOE peLleHne NO3BOSET BbICTPO HAXOOUTb to estimate the required volume of fluid injection to
FEOMETPUIO TPeLLMHbI Npu passutun [P, a Takke achieve the desired fracture length, including for hybrid
OLUEHNTb HY>XXHbIN 0O6BbEM 3akauku xunokocth NPl ons hydrofracturing with several fluids.
OOCTVKEHUST HY>KHOW OJIMHbBI TPELLMHbBI, B TOM Y1Ce 1
npu rmbpuaHoMm Pl ¢ HECKONMbKUMMN XXUAKOCTAMW. Introduction
Hydrofracturing is the basic method to stimulate
BeepeHnune oil production in conventional and unconventional
M'mopopaspsie nnacta ([PI1) — ocHOBHOM MeTox, reservoirs. Customized software packages are used for
MHTEeHCcUdnKaumm HedpTegobbl4M B TPAAMLNOHHBIX planning, support and optimization of hydrofracturing
M HETPaAANLMOHHbBIX KONNekTopax. [NnaHnposaHue, operations. For example, software packages MFrac,
COMNPOBOXAEHME M ONTUMKU3ALMA onepaLmin FracPro, FracCADE, Mangrove are either sold to
Pl ocylwiecTBASeTCS C MCNONb30BAHUEM operators and oilfield service companies or represent
cneyyanmanpoBaHHbIX MPOrpaMMHbIX NakeToB. in-house products of the oilfield service companies, and
Hanpumep, MFrac, FracPro, FracCADE, Mangrove, calculations made using the packages are only provided
KOTOpble NGO npogarTca Ao06bIBaOWUM 1 as a part of the services. All hydrofracturing run on the
HePTECEPBUCHBIM KOMMaHUAM, NMOO ABASAIOTCSA assets of Gazprom Neft PJSC are imported ones, and
BHYTPEHHVMU paspadoTkamMm HedpTeECEPBUCHbIX it is highly difficult to purchase licenses (services) for
KOMMaHui, 1 pacyeTbl B HUX NPEOOCTaBNATCA them due to sanctions. Therefore, the development of
TONIBKO KaK 4YacTb CEePBUCHbIX ycnyr. Bece own solutions to hydrofracturing design simulation is
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STIMULATION

npuMeHsieMble cumynaTopsbl Pl Ha akTuBax
komnaHun MAQO «["a3npomM HedTb» SBASETCS
NMMNOPTHbBIMK, NPUOBPETEHNE NNLIEH3UIA (YCIYT)
KOTOPbIX B CBSA3W C CAHKLMOHHbBIMW OFpaHnyeHnsMun
3HAYMTEIbHO 3aTpygHeHo. MoaTomy, paspaboTka
COOCTBEHHbIX MOAXOA0B MaTemMaTn4eCcKoro
MoaenupoBaHua ansanHa [Pl aesnsetca ogHon na
NPUMOPUTETHBIX 3afa4 B OTpac/iM B pamkax cTpatermm
NMMOPTO3aMELLEHNS.

OcHoBHble aHanuTuyeckue pelleHus (PKN, KGD,
Radial) B Teopum Pl nony4derHsl B 50-70x rogax
OBaguaroro Beka. M3 aTux Tpex moaenen Hambonee
afeKBaTHOW A1 MeCTOpPOXAeHWIn 3anagHon Cnbnpu
ansetca mogens PKN [1,2]. OgHako, gaxke oHa He
YUUTbIBAET CTPOEHME MrE0NIOrMYECKOro paspesa. s
y4yeTa 3Toro Ctann paspabaTtbiBaTbCs YNCEHHbIE
Mopenu Takme, kak Pseudo3D, Planar3D v Full3D,
3a0eNCTBYIOLLME 3HAYNTENbHbBIE BbIYUCINTENbHbIE
pecypcbl. B gaHHoW e paboTe OenaeT akUeHT Ha
NOJTyHEHUM MPOKCKY U aHaNTTUYECKOrO PELLEHUS B
Pseudo3D nocTtaHoBKe.

MonoxxeHua Pseudo-3D mopenn
MNceBooTpexmepHas mogens [3,4] (cMm. puc 1) aBnseTcs
no cytn pacwmpeHem moaenn PKN v cTpouTcs Ha
cnenyoLmX NPeanoNoXeHNsX:

1) TpewmHa pacTéT B MJIOCKOCTU, NEPNEHANKYISPHOM
MUHMMaSIbHOMY FOPHOMY HamnpsiXeHWto, KOTOPoe

Ha 60/bLLMX FyBUHAX UMEET FOPU3OHTaIbHOE
HanpasneHve. TpelwmHa pacTéT CUMMETPUYHO BNPaBo
1 BNEBO, @ MOTOMY BO MHOMMX CUMYNISATOpax pUcyeTcs
TONIbKO OHO KPbIIO TRELWMHBI. B Hallel Moaenn Takxe
NMEETCS CUMMETPUS MO BEPTUKAM

2) B mopensx, onucbiaroLyx TpeLwmHy PI1, BBognTCs
Tak Has3blBagMOe Y1CTOe AaB/IeHNe p=p,- 0,, FOe p; —
noJsiHoe AasrieHne onaa, a o, — FopHOe AaBfieHve

B KOJINeKTope. Ha Kpato TpewmHbl NoayanHel L
packpbiTne w=0, a 3Ha4YnUT N3 ypaBHEHUI JINHENHOW
MexaHVKK Xpynkoro paspywenus p(L)=0. Cama
rpaHnLa TRELWMHbI ONPEAEnIeTCs ABYMS (DYHKLMSAMMN
L(t) v h(x,t). B npencraBneHHoOM Hke hopMyIMPOBKe
9TV pyHKUMs 3ameHeHbl Ha L(h) v h(x, h)) T.K.

B Hallen NocTaHOBKe AN Ntoboro BpemMeHn t
COOTBETCTBYET CBOE 3Ha4eHne h — BbICOTbI TPELLMHbI
B LEHTPE, a 3Ha4uT 1 camMO BPeEMS MPEACTaBUMO

Kak t(h,).

3) BepTukanbHbIl NOTOK XXUOKOCTU CUNTAETCH
NPeHebPEXMMbIM MO CPABHEHWNIO C FTOPUSOHTAsIbHbBIM.
OTO BbINOSIHAETCS, KOFAa OCHOBHOW POCT TPRELMHBI
NOeT Mo ropuadoHTau. B Kaxkgom BEPTMKaIbHOM
CeYeHNN BbINNCbIBAETCHA 3aKOH COXPaHEHNS MacCChl,
FOPU30OHTaUTbHbIN MOTOK YCPEeOHAETCA N0 BEPTUKAN.
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one of the top-priority tasks of the branch within the
framework of the import substitution strategy.

Basic analytical solutions (PKN, KGD, Radial) in the
hydrofracturing theory were developed in 50-70s of

the twentieth century. The PKN model [1,2] is the one

of these three models that suits the fields in Western
Siberia the best. Still, even this model does not cover the
geological section structure. To take that into account,
the development of such numerical models as Pseudo3D,
Planar3D and Full3D, demanding high computing

power was initiated. Besides, this paper puts a focus on
obtaining of proxy and analytical solution in the
Pseudo3D setting.

Assumptions of Pseudo-3D Model

o +AT

Leading Edge

o +Aa

Puc. 1. Mogenb Pseudo3D [6]
Fig. 1. Pseudo3D model [6]

The Assumptions model [3,4] (see Fig. 1) actually
represents an extension of the PKN model, and it is based
on the following assumptions:

1) A fracture is developing within the plane oriented at

the right angle to the minimum rock stress that has a
horizontal direction at higher depths. The fracture grows
in size symmetrically to the right and to the left, that's why
only one fracture wing is plotted in many simulators. Our
model also features a symmetry in the vertical plane.

2) For the models describing a hydraulic fracture a

so called net pressure p=p,- o, is introduced, where

p, is total fluid pressure and o is rock pressure in the
reservoir. At the edge of the fracture with half-length L
opening of the fracture makes w=0, and from elastic
fracture mechanics equations it follows that p(L)=0.
The fracture border itself is defined by two functions
L(t) and h(x,t)). In the formula below these functions
are substituted with L(h ) and

h(x, h)) as in out setting any time t corresponds to unique
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B VHTEHCVONKALMA JOBbIHA

4) PacKpbITue TpeLMHbI B KaxKOOM Npoduie
onpenensaTcs YCNOoBUSMM NOCKOM aedhopMaumm.

37O NPUBAMXKEHWE CNEQYET N3 OCHOBHOIO
npegnonoxennst h<« L. OgHako Ha KOHYMKE TPELLUMHBI 3TO
NMPUBAMXKEHME BCE PABHO HE BbIMOJHIETCS.

5) YTEUKM B MNACT paccuMTbIBaOTCA Mo hopmysie
KapTepa, B NpeanosioxeHn OgHOMEPHOro Te4eHus
OKOJ10 KOHTYpa TPEeLUVHBI.

MaTtemaTtnyeckaa noctaHoOBKa

V13 nnockow Teopumn ynpyroctu [5] cneayet dopmyna
0151 NpohUNs TPELLVHBI BbICOTbI h ¢ NPOAYKTVBHBIM
CNoeM TONLLVHbI H, KOHTPaCTOM HanpshXeHWin Ac 1
TPELMHHOCTONKOCTBIO COcedHMX coes K, Modynem
tOHra E n koahduumeHTom NyaccoHa v:

|\,1A_4.z-=+\u.-’-—1|_ |M-’-—4z-’-+2zw14 1

w:_‘w “ [21 V= -vr=1l -l 7!
W :m\d"’-—z}f"’-. A<1
3n0echk BBeOeHbl be3pa3mepHble napameTpsbl [6]:
Ah»zK 2nK;~p~wE'
] —;Z = —; = —_— = —_— W
H* " H Hao P "o Hho
_E_
3peck E'= (1-v2) — MoOy/ib NIOCKOW AedopMaLmn.

B 6e3pasmepHomM Buae Npodusib TPELWMHBI 3aBUCUT
TOMIBKO OT 6e3pa3MepHON TPELLMHHOCTOMKOCTH K,
KoTOpast A1 N1aCTOBbIX YC/IOBUIA, Kak NpaBusio, He
BEMKA, U CNabo BNMSIET HA PaCKpbITUE, 1 6E3pa3MEPHON
BbICOTbI A.
h A

_op 1 [z 3y = dp Ac*H* [z _.
) =~ 3 1za f_% Y 0% 12uLE" J_g
OCHOBHbIM YpaBHEHNEM Pa3BUTUS TRELLMHBI SBISETCS
3aKOH COXPaHEHMS Macchl /19 OAHOMEPHOI0 TEHEHVIS:

00 05 2C,H
ax ' ot

Ji— t(x)

raoe C, — KoahuLmeHT yTedek no KapTepy, a S —
naowanp CeHeHnst BEPTUKaIbHOrO NPOMUIs TPELMHDI.

MocTpoeHne Npokcu mooenen

OcHoBHas 1aest NPy NOCTPOEHN NPOKCU MOAENEN
COCTOUT B OTKa3e OT YNCIIEHHOIO PELLIEHNS MyTEM
MOCTPOEHNS PA3HOCTHbIX CXEM, Kak TPaANLMUOHHOM
noaxone Cell-based Pseudo3D [6]. 3a mecTo
3TOro NpeaJ/laraeTcs MCNoJb30BaTb N3BECTHbIE
aHa/ITUYECKME PeLLEHNS 1 MPOBOANTL UX
cuwmBky. Hanpumep, B paboTe [7] npensiaraetcs
0151 HaxoxxaeHNst NPonAS LUMPWHBI N0 BbiCOTe
1CMNOJ1Ib30BaTb TOYHOE aHaIMTUYECKOE PELLIEHNE,
0151 HAXOXAEHWS BbICOTbI - KpUTepuii VpBuHa, ans
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value h, - fracture height in the center, consequently the
time itself may be expressed as t(h,).

3) The vertical fluid flow is considered negligible as
compared to the horizontal fluid flow. That is the case
when the fracture mainly grows in the horizontal plane.
The law of conservation of mass is applied to every
vertical section, while the horizontal flow is averaged in the
vertical plane.

4) Fracture opening in each profile depends on plane-
strain conditions. This approximation follows from the
basic assumption h« L. Still, on the fracture tip this
approximation has no effect as well.

5) Leaks to a reservoir are calculated by the Carter formula
based on the assumption of one-dimensional flow next to
the fracture periphery.

Mathematical Setting

On the basis of flat elasticity theory [5] the below formula
is derived for the profile of a fracture with height h with
producing reservoir having thickness H, stress contrast Ao
and toughness of adjacent layers K, Young’s modulus E,
and Poison’s ratio v:

] Gy — |VAZ =427 + V22 1| |VA% =427 + 2272 1|
w=—\n’).2—4zz+— In —Zln A=l
VA WAz =4z - vz -1 VAT —azz - 2avm -1l
W= m—q\.'ﬂ.z - 4% <1
Dimensionless parameters are introduced here [6]:
h z 2n K, p wE'
A= —;Z= — ;K= p=i W= —r
H H H Ao’ Ao HAo
£ _
Here E'= (1-v9) s plane strain modulus. In the

dimensionless form the fracture profile only depends on
dimensionless fracture toughness K, which as a rule is
rather low in reservoir conditions and has a little effect on
fracture opening, and on dimensionless height A.

In the same manner, the Poiseuille equation is derived for
the one-dimensional flow in the fracture:

h
Q(x)=—a—pif2w3dz=_
2

A
dp Ac*H* J’i a .
dx12u J_h z

0% 12uLE"3 ] _2

The basic equation for fracture development is the law of
conservation of mass for one-dimensional flow:

aQ + as 2C,H _
dx Ot [t — to(x)

where, C, is leakage factor according to the Carter
formula, and S is cross-sectional area of the fracture
vertical profile.
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STIMULATION

HaxoXxOeHus onnHbl — peweHne PKN, a cLumBky
NPOBOAUTbL MO YACTOMY OABNEHUIO B OTNNYMUM OT
NpeaLecTByOLLMX paboT, Hanpumep [8], rae ons
HaXOXXOEHWS YNCTOro AaBseHUs MCMOMb30BaOCh
HEKOPPEKTHOE NPUBAMXKEHME, a CLUMBKA NPOoBOANIaCh
Mo 3HAYEHMIO BbICOTHI.

MonyyeHne aHaNUTNYECKOIro peLleHnsa
MonyyeHne NpUBMKEHHOIO aHaIUTUYECKOrO PELIEHNS
CTano BO3MOXXHbIM 61aroaapst BblAeNeHWo HOBbIX
6espas3mMepHbIX NapamMeTpoB OTCYTCTBYIOLLMX B [6],

a MIMEeHHO:

a 3
s 0Pz . pE?Q _ = Q)
ARoyQ(%) = — 712 _%W dz ; y= YRR Q) = 0
L(ho)
3neck A(h)= Ry - «NONOBUHHBIN> aspect ratio
KE"Q 5
TPELWHbI, 8 Y= 35 — Malbii napameTp 3apjaun,

PasoXKEHNE Mo KOTOPOMY 1 MO3BOJIAST HaM MOJYYnTh
HOBOE aHa/TMTNYECKOe peLleHne 419 3aJa4n.

DusnHecKMn CMbIC NapamMeTpa y 3ak/Iro4aeTcs

B OTHOLLIEHME TOMLLMHbI MiacTa K XapakTepHOM
OOCTVDKUMOW OSIMHE TPELIVHbI. HYeM MEHbLLIE Y, TEM
60/bLUE NOMYYaAETCA ONVHA TPELUWHBI.

[ns ganbHenLLero peLleHns 3aga4m BeinucbIBasTcs
6espasMepHasd MPOHULAEMOCTb TPELLIMHDI,

A

1 (2
- 53 45
.Q(A,K)—lzf_%w dz

s BblaeneHns 6e3pasMepHbIX NapamMeTPOB BblAENSeTCH
06e3pa3MepeHHOE Bpemsi:

t
g ")
QF'
1 nonyyaeTcsa cneaytoLLee ypaBHeHme:

0 1 9% A(dp, ), K) | + AA as-ﬁ-ZAJC ! =0
0% Atlo af\g( ( l]lx)J ) Bya'f 0 -

VT — To(%)

OHO OOMNOSHAETCA MPaHNYHBIM YCIIOBMEM Ha MOTOK B
npaByto NOSIOBUHY B Ha4Yane TPeLUMHbI:

1L opActHE Qo
A%, 95 g IR = 7 7=

nn xe:

op 1 N
—ﬁg(ﬂo,K) = EAAD]/; ¥=0
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Proxy Model Building

The fundamental idea for proxy model building consists in
abandonment of numerical solution through development
of difference schemes same as in the conventional Cell-
based Pseudo3D approach [6]. It is suggested using

the known analytical solutions instead, and cross linking
those solutions. For example, the authors of paper [7]
suggest using the accurate analytical solution to calculate
the width profile by height, the Irwin criterion to calculate
height, the PKN solution to calculate length, and cross
linking on the basis of net pressure as opposed to the
previous papers, for example [8], where an incorrect
approximation was used to calculate net pressure, and
cross linking was done with reference to the height value.

Obtaining of Analytical Solution

It is now possible to obtain an approximate analytical
solution due to derivation of new dimensionless
parameters missing in [6], namely:

A 3
s opl(z_, . pE"Q - = Q)
AdoyQ(®) =~ 7275 _%W dZ ;v = toags 0@ = 0
L(ho) .
Where, A(h,)= h, S@ half aspect ratio of a fracture,
KE"Q

and y= AotH3 is a small parameter of the mathematical

problem, and expansion with respect to that parameter
makes it possible to obtain a new analytical solution of the
problem.

The physical meaning of parameter vy is the ratio of
reservoir thickness and characteristic obtainable fracture
length. The lower vy, the longer the fracture is.

For further problem solution dimensionless permeability of
fracture is derived as

A

1 [z
_ 3 g
H(A'K)_12J:JZ_lW dz

To derive dimensionless parameters, nondimensionalized
time is to be calculated as follows:

t
g~ ")
QE’
and the following equation is obtained:
0 19 A(Ap, %), K AA os ZAthil =0
% _A_iloﬁ‘g((u’x)’ )|+ BYE"‘ 0 ,71__1_0()—
It is supplemented by the boundary condition of flow to
the right half in the fracture origin:

1 opactHE Qo
A%, 93 g IR = 3 7=
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B VHTEHCVONKALMA JOBbIHA

30ech BbioeneH 6e3pa3MepHbI mapameTp yTeYeK,
KOTOPbLIN N5 B0bLUIMHCTBA TPELUWH SBNSETCS
MasibiM. CTOUT OTMETUTL, YTO 3TO MapameTpP BNSHUSA
yTeyeK Ha opmMy, NapameTp «MrHOBEHHbIX» YTEYEK.
«/IHTerpanbHbIN» NapamMeTp yTedeK Kak npasusio
B0o/blUEe Ha HECKOBKO MOPSAKOB. OTOT NapameTp
XapakTepuayeT UMEHHO 3PMDEKTUBHOCTb XNAKOCTA 1
WNTOrOBbI OOBEM TPELVHbI, HO HE €€ hopMy.

AHaANNTUYECKOE PeLLEHMNE NOy4aeTcsl, eCriv OTOPOCUTL
BCE 4YJieHbl B YPaBHEHUM C MasbIMU MapameTpamMu.
Torpa, ¢ y4ETOM FPaHNYHOMO YCIOBUS, MOSTy4YaeTcs
ypaBHeHMe:

G(A()LG! f): K) = (1 - jE)G(ADJK)

KoTopoe 03Ha4aeT, YTo NOTOK XKNAKOCTU BOOSb
TPELLWHBI MOCTOSAHEH, TO €CTh OTTOKW MO BEPTUKaIM
NPeHedPEeXMO Masibl. ITO U 8CTb OCHOBHOE MOJIOXKEHME
Mogenv Pseudo3D.

VHTerpupys ypaBHeHMe Mo YacTsam, nosydaem
COOTHOLLIEHVE B KBagpaTypax:

‘e G(A,K) — yHvBepcanbHas yHKUMS,
XapakTepuaytoLLas JOCTUraeMyto 06e3pasMepeHHyHo
OIMHY TPELLUMHBI NPU AaHHOW BbICOTE, 1 UMEET
YHVBEPCASTbHBIV XapaKTep.

Or: 6}6 1 .
_gg()Lo-K) = EAAD]/; x=0

The dimensionless leakage parameter being low for
most fractures has been derived here. It should be
noted that this is a parameter related to the shape
dependant on leakage rate, an «instant» leakage
parameter. The «integral» leakage parameter is as a
rule several orders higher. This parameter characterizes
exactly fluid efficiency and total volume of a fracture but
not its shape.

To obtain an analytical solution, one should omit all terms
in the equation containing small parameters. Thereupon,
the following equation is obtained with account of the
boundary condition:

G(A()LG! f): K) = (1 - f)G(ADJK)

The equation indicates the continuous flow of fluid
along the fracture, i.e. outflows in the vertical plane
are negligible. This is exactly the basic provision of the
Pseudo3D model.

On integrating the equation in parts, we obtain the
following ratio in quadratures:

Where, G(A,K) is a universal function which characterizes
the obtainable nondimensionalized fracture length for the

A0 ®) 5 ap given height.
G(ALK) = f ag(l,l()d.l; G4 K) = ag(&,K} A(29,%) op op
1 G(ALK) = f — g4, K)di; Gi(A,K) = —g(4,K)
1 dA aA
E&€ rpadvkn ons pasHbIx 3HaYeHUn 0.8 ‘
napametpa Ke(0,1) npencrasneHsl HAXKE: <o
07— N
MonyaamHa TPeLLHb! L HaxoauTes no — K=02
hopmyse: — K=04
0.6 || K-06
L(Ag,K) = H x ——— 05 |
14 K=1.0 //
30ecb BUOHO, YTO BblOENEHHbI HaMWU o 04
6e3pasMepHbIi MapameTp y SBISeTca / / //
o /
€OVHCTBEHHBIM MapaMeTPOM, Ha KOTOPbI 03 .
BAVSeT ausaiiH ['PI1, 1 KOTOpbIN MOXET / / —
BNUATb HA ONMHY TPELLVHbI. 02 —
HaHHble pelueHns 6e3 Tpyaa 0b6o6LLaoTcs / /
1 Ha renm Pl cTeneHHon peonoriv no 01
TOM e cxeme. [daHHoe NPpUBAMIKEHHOE
PeLLEeHNe MOCTOAHHOMO MOTOKA MNO3BONAET 0 ] 3 . s 5 - 5 5 10

He TOMbKO NosyYaTb (hopMy TPELLMHBI

st Kakoro-1o ogHoro renda Pl Ho

1 0119 TPELLUVHbI, CO3AaHHOM pasHbIMIA
renamu PT1, nprUMeHEHHBIMM NOOHEPEQHO.
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Pric. 2. dyHkuya G(A,K) npu Ke(0,1) OT BOBMOXHbIX 3HAYEHN A, .
Fig. 2. Function G(A,K) at Ke(0,1) of possible values A,.
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STIMULATION

Mpumep pacyeTa ana rmbpuaHoro Pl nsobparkeH Ha
puvc. 3.

BbiBoabl

B paboTte 0603Ha4eHbl OCHOBHbIE MOOXOAp!
MogenmpoBannsg [Pl B Pseudo3D nocTtaHoBKe.
OCHOBHbIM MPEUMYLLIECTBOM MPOKCY U MPUBIIKEHHOMO
aHaNUTNYECKOrO PELLIEHNS SBISIETCS OTCYTCTBUE
HEOHXOOAMMOCTW MOCTPOEHUS YACTIEHHOO PELLEHVS
HETMHENHOMO YPaBHEHNST 200 nopsiaka.

Takke CTOUT OTMETUTb, HYTO aHAIUTUYECKOE PeLLIEeHNe
BbIMNOJIHEHO B 6e3pa3MepHbIX MEPEMEHHBIX 1 3aBUCUT
OT Tpex 6e3pasMepHbIX MapPaMeTPOB, YTO NO3BOSISAET
onpenenTb CTeneHb BAUSHUSA IUTONOMM niacTa

1 PEOSIONM XKNOKOCTU Ha AOCTUXKUMBIE 3HAYEHUS
reoMeTpun TpelmHbl I'PT. Takoke, oTAnYUTENbHOM
OCOBEHHOCTBIO AAHHOMO PELLEHNS ABNSETCS
NPUHLMNMaIBHAs BOSMOXXHOCTb MOAENPOBATb
rmépuaHbIa PI.
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Its graphs related to various values of parameter Ke(0,1)
are given below:

Fracture half-length L is calculated by the formula:
2G (A, K)
14

From the above formula it follows that the derived
dimensionless parameter y is the only parameter which
depends on the hydrofracturing design and may affect
fracture length.

L(A, K) = H

This approximate solution for continuous flow makes
it possible to obtain a fracture shape not only for any
hydrofracturing gel but for the fracture created using
different hydrofracturing gels applied one-by-one. The
sample calculation for hybrid hydrofracturing is shown
in Fig. 3.

Conclusions

The paper gives the basic approaches to
hydrofracturing simulation in the Pseudo3D setting.
The main advantage of proxy and approximate analytical
solution is that it is not necessary to build a numerical
solution of a second-order non-linear equation.
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Fig. 3. Sample calculation for hybrid hydrofracturing (linear gel
and crosslinked gel, fluid)

Also, it should be noted that the analytical solution

is based on dimensionless variables and depends

on three dimensionless parameters which allows to
determine the degree of formation lithology and fluid
rheology impact on obtainable values of the hydraulic
fracture geometry. Besides, the specific feature of this
solution is the principal possibility to simulate the
hybrid hydrofracturing.
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