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FLUID INFLUX TO A BATTERY OFINCOMPLETE HORIZONTALLY BRANCHED
WELLS IN DEFORMED FORMATION

Abstract. Using numerousexperimentalandfield researches, it was established that there are rock
deformations duringoil and gas fields development, occurred due to thereservoir response. It has been
established that formationvolume of pore space is decreased due to elastic expansion of rock grains and
increase of compression strength transferred to matrix from mass of overlying rocks due to formation
pressure depletion. As the result, there are deformation processes in porous medium accompanied by
degradation of its porosity and permeability, and suffered greater change compared to the formation porosity,
sufferedpermeability at the samepressure variation.

Demonstration of mentioned anomalies under formation conditions leading to non-linear effect can
strongly influence the whole process of the reservoir development and lead to various qualitative and
quantitative differences between the observed facts and the indicators which were calculated using standard
methods.

Formulas for determination of debits of incomplete horizontally branched wells (HBW) in deformed
formation for various number of horizontal shafts in a battery were obtained in this work using image method
of drains (sources) and superposition. Obtainedestimate indicatorscan be used inengineering works during
development of the deposits indeformed environment.

Key words: yield, rock deformation, external boundary, steady state, pressure, bore length, permeability.

Introduction. Nowadays there are a lot of
publications devoted tostudy of variousproduction
characteristics of horizontal wells. Currently, a
higher performance of horizontal wells is observed
compared to vertical wells and under otherwise equal
conditions this is the fact proved theoretically and
confirmed in practice.

Based on the performed researches and
accumulated practical experience, according to the
current opinion, the maximum effect on the use of
the horizontal wells can be useful at the production
facilities with the following characteristics [1, 2,3]:

- facilitiesbelow the gas capandfacilities
withbottom waters;

- collectors with verticaljointing;

- deposits anddifficult to accessproduction zones;

- shelf anddifficult to access production zones;

- during operation ofgas deposits;

- usingenhanced oil recovery, particularlythermal
methods;

- with oil viscosity (1>10 mPas);

- low-efficiencymode ofreservoir production;

- net productive zone— at least 3 m;

- low permeability of collectors (k<0,1pm?2);

- largeremaining recoverable reserves.

In terms of modernscientific-technological
progress, when there was a technical ability to drill
deep and ultradeep wells, there is a real opportunity
of involvement into development of deeply buried
wells.

Nowadays  development of  deep-seated
deposits is one of the principal tasks of gas and oil
producing industry. This leads tointensive need
of comprehensive study of flows of formation
fluidsandconstruction ofcomputational models of
development ofdeep oil collectors (characterized
byhighreservoir pressure and temperature) subject
tochanges ofporopermproperties of porous medium
and fluids.

Deep-seated deposits, which are characterized by
high reservoir pressure, are in state of thermodynamic
equilibrium before development.

Development of these deposits will lead to
distortion of thisequilibrium of bedded system.
As noted above, rock matrix of collector is subject
to heavy loads in case of decrease of reservoir
pressure, asformation pressure isunaltered, and
effectivepressure is increasing. As the result,
deformation processes are changed in porous
medium, accompanied by decrease of its porosity
and permeability.

29




N E W S of the Academy of Sciences of the Republic of Kazakhstan

This affects filtration of formation fluids and basic
development parameters of the deposit. Literature in
this area of researches isvarious andnumerous. The
list of works related to this problem can be found in
the publications [1, 3, etc.].

Of course, it should be expected that nature of
fluid influx to horizontal wells in these terms will
be distinguished from thenature of fluid influx in
collectors at shallow depth.

In view of this let’s consider a problem of fluid
influxto a battery of incomplete horizontally branched
wells during formation deformation.

Problem statement. Let’s formulate the problem
as follows: if filtration mode is steady, let’s determine
afluid influx toshaft ofround battery, incomplete
according to nature, level ofproduction wells, located
relative to impenetrable roof and bottom of final
formation with deformed collector during reservoir
development (Fig.1).

Fluid is low compressible, withconstant viscosity.
Fluid filtration is under theDarcy’s law.

Taking into account the indicated conditions, the
task on determination of function of pressure field is
restricted to solution ofLaplace equation.

One ofspecific solutions of this problem
was found in the work [4-6] usingimage
ofdrains (sources) relative to roof and bottom of
formationandsuperpositionnot including deformation
ofdeposit collector during development.

Fig.1. Projection scheme of shafts ofbattery of
horizontally branched wells onbottom plane of round
formation with round external boundary

Using the mentioned approach when battery
of horizontally branched wells is used in deformed
formation with random number n and various lengths
11, 12,...Inof shafts, a formula of cumulative mass
yield of well is obtained as follows:

Prk—Pc

__ 2mKo,hp
- B 1 (sn ] anRy
Hu [Ln(zi=ollln—li +w1h)+w2

Q

. ()
]

where h — net oil thickness, p - oil
viscosityinformation conditions; B — formation
volume factor; p — oil density;

K(p)
K, ’

p_ —
0G0 = [ R pdp; K@) = @

Pk

K(p) — permeability value on current pressure is
determinedby experiment; Ko — permeability value
of rockwithpressure at formation depth;

Pk — pressure value at external boundary of
reservoir; Pc — average value of pressure at shafts
of battery of horizontal wells; Rk— radius ofexternal
boundary of reservoir; Re— value of radiuses which is
equal for all horizontal wells;

Ln=11+12+...+In, n <24; D = 2Rc; d=23§;

0 - value of radiuses which is equal for allround
perforations; m —number of perforations per 1 m of
filter; Zo —distance frombottom formation toa plane
where all horizontal shafts n are located.

In this case, when length of well shafts is
considered as equal, i.e.ll= 12=...=In=I, Ln= nlthe
formula (1) will be as follows:

_ 2mKohp Pk—Pc

B anRy h o I LR
B [In*kt (0] +mw))|

Q (3)

h . mZ, ; 11
where w %;= [ln(TRC) — ln(smnT)] ;W %= (% - %);

Values of quantitiesan, included in formulas (1)
and (3), were obtained in the work [4] and given in
the Table 1.

Table 1 —Values of quantitiesan depending on
number (n) of shafts ofmulti-hole horizontal well

n an n an n an

13,1422 |9 1,6777 [17 | 1,6574
22,0828 |10 1,6725 |18 | 1,6565
31,8621 |11 1,6686 |19 | 1,6557
411,7768 |12 1,6656 |20 | 1,6550
5(1,7344 |13 1,6632 |21 | 1,6545
61,7102 |14 1,6613 [22 | 1,6540
7]1,6950 |15 1,6593 |23 | 1,6535
81,6844 |16 1,6584 |24 | 1,6530

Using knownanalytical
oneffective pressure [3]:

dependence K (p)
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K@) =a[l—a(P,—P)]. 4

Subject to (4),formulas (2) and (3) will be as
follows:

2nKohp a(Pr—P)[1-%/5(Pr—Pc]

— : (5
Q uB [i( {;oliln“’;ﬂ+w1h)+wz] )
2mKohp a(Pr—P)[1—%/5(Pr—Pc]

Q = 2o ACI P/ (PuFe

uB

[ln

wherea =A+B°Pk — CP; a=B°a; A, B°, C —
known coefficients determined byleast square
procedure using standard subprogram with data of
experimental investigations for three classes of rocks
distinguished byelastic characteristics of components
ofsolid phase; Pr — formation pressure [3-9].

Impact  indicator  oflateral  permeability
changeonpressure on operation ofincomplete wells
of round battery on the basis of ratios (5) and (6) and
determined by theequation:

n
- +m(w;+nw§)]

__ Q(subject to deformation)
- Q(without deformation)

=[1-3@-R)], @

To assess impact of perforations and changes of
permeability on pressure on yield using formulas (6)
and (7),numerical calculations were performed at
following initial data:

h=20 m, k=0,1 pm? Rk=1000 m, Rc=0,1 m,
0=0.0126 1/MPa, 6=0,01 m, d=26=0,02 m, y=3mPas,
B=1,2, Pc=5 MPa, Pk=10 MPa, L=(100, 300, 700)
m, m=(12, 18, 24, 30, 36) 1/mand foropen hole well

m=o0,

The results of calculations are provided at Fig.2-
4 and in Table 2.

Table 2-Yield of the battery ofhorizontally
branched wells, m3/day

Number | Length of well shaftl,
ofwells 100 [300 [500 |700
n

12 |1 144 | 249 |384 |485
2 153 | 317 |460 | 615
3 156 |329 |487 | 663
4 157 |335 |499 | 686
5 158 |338 | 506 | 698

24 |1 175 | 315 |424 | 531
2 190 |366 |520 |691
3 194 | 382 | 555 | 752
4 196 |389 |570 | 781
5 197 391 |579 | 797

36 |1 189 329 |440 |548
2 206 |385 |544 | 720
3 211 |403 | 581 | 787
4 214|411 |599 |819
5 215 |415 | 608 |836
50 |1 223|362 | 475 | 586
2 249 418 |598 | 788
3 256 454 | 644 | 868
4 259 465 | 665 |908
5 261 470 | 676 |929

It is apparent on the tables and graphs that yields
of the battery of horizontally branched wells are
increased at fixed values of n andl with the increase
of density of perforations per onelinear meter.

The formula (7) leads to the fact that yield in
the deformed formation is smaller than yield of
the battery ofhorizontally branched wells, draining
porous nondeforming formation (a=0) with the same
pressure differences and other equal characteristics
of formation[7-11].
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Fig 2. Dependence of battery yield of horizontally
branched wells on number of perforations
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Conclusions:

- a mathematical model was proposed,
scientifically defined and implemented and its
solution for steady filtration of fluid to horizontally
branched wellsin deformed porous medium. The
analysis of derived dependence demonstrated thatwell
yield in deformed formation is smaller thanwell yield
draining non de forming formation (a=0) with the

characteristics.

- slowdown of rate of growth of well yield
is observed for multi hole horizontal wells with an
increase of number of shafts.

- it was established that in deformed
deposits under otherwise equal conditions, density
of perforations shall be notably higher than in
nondeforming deposits.

samepressure difference and other equal formation
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AHHOTanus. MHOTOYHCIEHHBIMA SKCHEPUMEHTAIBHBIMA M TPOMBICIIOBBIMH  HCCII€IOBAaHUSMHU
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MOpOJI, TPOUCXOAIINE BCIIEJACTBHE HM3MEHEHHUS IUIAaCTOBOTO JaBJIEHUS. YCTAaHOBJIEHO, YTO C IaJeHHEeM
IUTACTOBOTO JIaBJeHUS OOBEM TOPOBOTO MPOCTPAHCTBA IIACTa YMEHBIIAETCS BCIEACTBHE YIIPYTroOro
paciiMpeHds 3epeH MOpOAbl W BO3pACTaHMs COKMMAIOUINX YCWIJIMH, MEpeJalonnxcs Ha CKelIeT OT Macc
BBIIIIENIEKAIINX TTOpoJ. B pesysnbrare mpoucxoauT n3MeHeHue aehopMallMOHHBIX MPOIECCOB B MOPUCTON
cpeze, CONPOBOXKIAEMOE CHIDKCHHEM €€ TOPUCTOCTH M IPOHUIAEMOCTH, NPUYEM Oosiee 3HAUYNTEIbHOE
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W3MEHEHHE, M0 CPaBHEHMIO C TIOPUCTOCTHIO IJIacTa, MpeTeprieBaeT MPOHUIAEMOCTb NP OAHOM U TOM e
W3MEHEHUH JaBIICHHUS.

[IposiBneHre B IUIACTOBBIX YCIOBUSX YKAa3aHHBIX AaHOMAaJlMi, BBI3BIBAIOLIME HETHMHEHHBIC S(QEKTHI,
MOYKET 3HAYUTEJIBHO BIUATH Ha BECh TPOLIECC Pa3paboTKH 3aeK1 U IPUBOAMUTE K Pa3IMUHBIM KaueCTBECHHBIM
U KOJMYECTBEHHBIM PACXOXKACHHUSIM MEXKAy HaOmomaeMbiMU (DaKTaMH M TEMHU IOKa3aTelIsiMHU, KOTOpbIC
PacCUUTBIBAIMCH 1O OOBIYHBIM METOANKAM.

B nanHoil pabore ¢ TpUMEHEHHMEM MeETOla 3EPKaJbHOTO OTOOPaXKCHUS CTOKOB (MCTOYHUKOB) H
CYNEpHO3UIMH  MOIy4eHBbl (QOpMYNBl AJsl ompeleiieHuss IeOUTOB HECOBEPLICHHBIX pPAa3BETBICHHO-
ropu3oHTanbHbIX ckBakuH (PI'C) B nedopmupyemMom macre aisi pa3HOTO YKCia TOPU3OHTAIBHBIX CTBOJIOB
B Oatapee. [lonyueHHbIe pacueTHBIE MOKAa3aTeI MOTYT OBITh MCIIOJIB30BaHbl B MHKEHEPHBIX paboTax mpu
pa3paboTke MeCTOpOXKIeHUH B JiehopMUpyeMoii cpejie.

KioueBsbie ciioBa: 1edut, 1eopManys HOpoasl, KOHTYp MUTaHUs, CTALMOHAPHBIA PEKUM, AaBJICHUE,
JUTMHA CTBOJIA, TPOHUIIAEMOCTb.
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