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|—| PUBOOUTCS KPUTUYECKNIA aHANNS CYLLIECTBYIOLLIEN
KOHLIEMLIMM MO ONpPeageHno MPUTOKA XKNOKOCTA

K 320010 peasibHOM CKBaXKMHbI C 30HaIbHO-
HEOOHOPOAHOCTHIO M1acTa, KOHKPETHO YKa3blBarOTCS
OONyLLEHHbIE OLLMOKN. VI3naraeTcs B YETbIPEX BapuaHTax
BbIBOA, hOpMYyJSIbl 415 ONPeaeneHnst MPUTOKa XXMAKOCTM
30Ha/TbHO-HEOAHOPOOHOIO MacTa K 3a60t0 peasibHOM
ckBaxkuHbl. Popmyna ons onpeneneHns NpuToka
NMOATBEPXOAETCH BbIBOAAMN (DOPMYJSIbl MPUTOKA MO
3Ha4eH1siIM 3abONHOMO JaBNEHMS, C YH4ETOM NOTEPU
0aBJIEHVS B CKMH-CNOE, B KOHTYPE MUTAHNS 11 MO 3HAYEHWIO
KOahhuLpeHTa MPOHULAEMOCTU 30HaSIbHO-HEOOHOPOOHOMO
nacTa. YkasbIBatoTCs OLLMOKM, OOMYLLIEHHbIE B (hOpMyie
015 onpeneneHns SheKTVBHOMO (MPUBEAEHHOMO)

panuyca CKBavKVHbI. [ ToMBOOUTCA HOBOE ONpeneneHe
3hheKTUBHOIO (MPMBEOEHHOMO) PaaMyCa CKBaXKMHDBI U
[0AeTCs BbIBOA, €r0 (hopMyJbl.
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There are thousands of paths that lead to delusion
but there is only one leading to the truth.

Jean-Jacques Rousseau, 1712-1778.

This article is part 2, following part 1 that appeared in ROGTEC Issue 57

his paper presents a critical analysis of the existing

concept used to determine the rate of fluid influx to
the bottom-hole area of a real-world well in a reservoir
characterized by multi-zone heterogeneity and clearly
specifies the errors it contains. It outlines four alternative
derivations of the formula for determining the rate of fluid
influx to the bottom-hole area in a multi-zone heterogenous
reservoir. This formula for determining the influx rate is
verified by the alternative derivation paths that produce the
said influx formula using the bottom-hole pressure values
(and accounting for the pressure loss in the skin layer and
the external boundary) and the value of the permeability
factor in a multi-zone heterogenous reservoir. The paper
also specifies the errors made in the formula for determining
the effective (equivalent) wellbore radius. It presents a new
definition of the effective (equivalent) wellbore radius and
provides a derivation of its formula.
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3. OWwmbKM n 3abnyxaoeHus, OonyuieHHbIe

B dhopmynax oJisi ornpenesieHnsa NpmuToka K
3a6010 peasyibHOW CKBa>KMHbI 1 MPUBELEHHOIO
(adbdbekTnBHOrO) ero paguyca

[MPUTOK MIaCTOBOM XXUAKOCTW K 32000 MaeaTbHOM
CKBaXKMHbI MPW MOCKO - paamaibHoM hunbTpaumm
onpenenstoT No dpopmyne Adiontom

_ k2P, - Py

ulgRk/re

[na onpenenerys nputoka K 3ab0t0 rapoaMHaMIYecKm
HECOBEPLLEHHOM (peasibHOW) CKBaXKWHBI B paboTtax [1,
3] 1 opyrx y4ebHbIX 1 Hay4HbIX IMTepatypax, B T.4.
3apyOeXKHbIX, PEKOMEHIYIOT
k2P, - P5)
uIn(Rk/¥ey+ s

(3.1)

Q= ,(3.2)

roe S — 3HadeHue CKUH-akTopa.

LLlypos B.W. [6] onsa onpeneneHns NpuUtoka pekomMeHaoyeT
dopmyny (3.2%), HU4eM He oTIMHaroLLLYytOCs OT (3.2),

roe 3HadeHue € OTpaxaeT rapoaMHaMMYecKoe
HECOBEPLLIEHCTBO MO CTEMEHW U XapaKTepy BCKPbITUS
NMPOAYKTMBHOIoO NnacTa.

_k27h(Py, - Pe) 8.2
uln(Rk/re) + ¢
Vinatos A.W., KpemeHeuxuin M., [4], pekomeHaytoT
(9.5.2.2), roe
- 2RE(P?1.-? _PC)I (3.3)
In(Rk/Fe)+ s
3akumpos C.H., MHapynckun .M., 3akmpos 3.C. 1 gp.
[5] cunTatoT Harboee CTPOron hopMOV oNpeaeeHNs
NpUTOKa CNEOYIOLLYIO hopMyITy
0= o k2B = Pe) 33
" uBIn(Rk/¥c)+s

13 cpaBHeHns TpmBmasibHbIX hopmyn (3.2), (3.2%),

(8.3) 1 (3.3%) ¢ chopmynom Adionton BUAHO, UTO
€0VHCTBEHHbIM OTJIMYMEM SBNSIETCHA OOMOHUTENBHOE
charaemoe B 3HameHatese S nnm C. B (3.3) rnaBHbIN
onpeaensoLLMiA napameTp k cnpsaTaH NOf, 3HaK &,

a B (3.3%) gononHUTENbHO BBEAEHHbIE MapamMeTPbl
MAOTHOCTU pr HEPTU 1 ero 06 bEMHbIN KOS MULIMEHT B
B CTaHOAPTHbLIX YCIOBUSX, HE UMEKOT HUKAKOrO 3HAYeHNs
ONs onpefeneHns NpUToKa 30HaIbHO-HEOOHOPOOHOIO
nnacra.

[MpUHUMAanbHbIMU 1 FPYBbIMU OLLIMGKaMN B
BblLLIEYKa3aHHbIX (hOopMys1ax SBASKOTCS:

- He y4TeH KO3(MUUMEHT MPOHULIAEMOCTN Ks CKMH-30HbI;
- He y4TeHa TO/LMHA CKUH-CIOA R - T
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3. Errors and misconceptions occurring in the formulas
for determining the influx to the bottom-hole region of a
real-world well and its equivalent (effective) radius

The influx of reservoir fluid to the bottom-hole region of
an ideal well with radial two-dimensional filtration flow is
determined using the Dupuy formula

_ k27h(Py, - Py
ulgRk/re
[1, 3,] and other education and scientific publications,
including non-Russian ones, recommend that the influx to
the bottom-hole region of a hydrodynamically imperfect
(real-world) well be determined as

. (8.1)

k2ah(P,, -P;) (3.2
UIn(Rk/Fe)+ s

0=

where S is the value of the skin factor.

V. I. Shchurov [6] recommends (3.2 *) as the formula for
determining the influx rate, this formula being no different
from (3.2), where the value of C reflects the hydrodynamic
imperfection in terms of the degree and character of
penetration into the reservoir.

_ k2JZh(Pm -Pe) (3.27%
uln(Rk/re) +c¢

A. I. Ipatov and M. |. Kremenetsky. [4] recommend (9.5.2.2),
where

_ 2By = Pe)
In(Rk/¥c)+5

S. N. Zakirov, I. M. Indrupsky, E. S. Zakiroy, et al. [5]
consider the following formula to be the most rigorous
method for determining the influx rate:

(3.3)

o K270(Be - Pp) (3.3%

Q=r. BIn(RK/TC) + 5

Comparing the trivial formulas (3.2), (3.2 ), (3.3), and (3.3
*) with the Dupuy formula makes it clear that the only
difference is the additional term in the denominator, S or
C. In (3.3), the main determining parameter k is hidden
under the € sign, and in (3.3 *), the additionally introduced
parameters for oil density, px, and its volume factor at
standard conditions, B, do not have any significance for
determining the influx rate in a multi-zone heterogeneous
reservoir.

The principal and gross errors in the above formulas are

that:

- They do not account for the skin-zone permeability factor,
ks;

- They do not account for the thickness of the skin layer in
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OKOJTOCKBaXKMHHOIO MPOCTPaHCTBa;

- HE YYTEHbI JOMOHUTENBHBIE MOTEPW AaBeHns APs B
CKWH-COE B pesy/ibTare yxXyaLleHnst IPOHULLIAeEMOCTU OT k
A0 ks;

- He y4TeHa 30HaJIbHas HEOOHOPOAHOCTL M1acTa no
MPOHMLIZEMOCTY;

- 3HaYeHue S, Kak KOS(MULIMEHT NPOMNOPLIMOHATBHOCTH,
Heb3s CyMMUPOBAaTh, YTO ABNSETCS rpybGenLlen
MaTeMaTUHECKON OLLIMOKON.

[NepeunceHHble OLLMOKM SABNAIOTCH CNEACTBMEM He
TONBKO MOBTOPEHMSA NCTOPUHECKIMX OLLIMOOK V. Everdingen
A. F. & Hurst N. 1 Hawkins M.F. ons Bbisoga popmyibl
NPUTOKA, NPEXXAe BCEro - HEMOHUMaHVA aBTopami

ATUX POPMYJT ANEMEHTAPHBIX 3aKOHOB MOA3EMHON
rMMOPOONHAMUKN.

Takum obpazom, B dhopmynax (3.2), (3.2%), (3.3) n (3.3*) ang
onpeaeneHns NPUToOKa 30HasIbHO-HEOAHOPOOHOrO NfacTa
He cobntoaeHbl hN3NYECKME 3aKOHbI TMOPOANHAMUKIA
nsacTa, HapyLLeHa MaTemaTdeckas Jiorvka 1 4OomnyLEHb!
yKazaHHble Cepbe3Hble OLLINOKM. BbllleykadaHHble
dhopmysbl (3.2), (3.2%), (3.3) n (3.3%) He npurogHe! anis
pacueta gebuta peasibHON CKBaXXKWHbI C 30HaNbHO-
HEOOHOPOAHOM MPOHNLIAEMOCTLIO M1acTa M JOJDKHBI
ObITb UCKJIIOYEHbI U3 Y4EBHNKOB U y4e6HbIX Mocooui
rnog3eMHo rugpognHaMmky. B cBs3n C 3TVIM B YeTbipex
BapuaHTax 3n1araetcs BbIBOA, POPMy bl 415 pacyeTa
nebvra (06 bEMHOr0O MPUTOKA) K 3aD0KD PEATTBHOM CKBEDKMHDI.

3.1. BbiBog chopMmysibl s onpeneneHvs geoura
peasibHOU CKBa)XUHbI C 30HA/IbHO-HEO4HOPOLHbIV
MPoHULaeMoCTbIO naacTa (puc. 3.1).

BapuaHT 1. OnpegeneHvie nputoka ¢ y4eTom rnotepu
AassieHnss APs B ckuH-csion, Q — const.

MoTepu MacToBOro AasneHns APk npy ounsTpaumn
XKNOKOCTU K 326010 MaeanbHOM CKBaXKMHbI C

KOS MUUMEHTOM MPOHMLaeEMOCTU k niacTa
onpepenstoTes hopmynon drornton (kpreas 1)

LlononHuTenbHble NOTEPU NIacToBOro AaBsieHus APs B
CKWH-CNoe C KOS MDULMEHTOM MPOHULIGEMOCTU ks Mpu
drnbTPaLMN XKNOKOCTU K 326010 PeasibHOM CKBaXKHDI
onpenenstTca MopPMyIon (CM. YacTb 1, BbIBOO POpPMY b
1.13 1 1.35)

— G -~ o O — Qlu - RS
AP = P3(k) - P3(ks) = T S-In 7o (35
Bce 0603HaueHrs ykasaHbl Ha puc. 3.1.

O6LLpe NoTepK NNaCTOBOro AaBNeHs APks B 30HABHO-
HEOOHOPOOHOM M1aCTe (T.8. C YYETOM CKUH-CII05) COCTaBAT
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the near-wellbore region, R_-r,

- They do not account for the additional pressure losses,
APs, occurring in the skin layer due to the permeability
impairment from k to ks;

- They do not account for the heterogeneity in permeability
distribution across the reservoir zones;

- the value of S, as a proportionality factor, cannot be used
as a term in a summation: this is a gross mathematical
error.

The errors listed above are a relapse of the historical errors
made by A. F. van Everdingen & N. Hurst and M. F. Hawkins
when deriving their influx rate formulas, which latter errors
stemmed, above all, from the authors’ misunderstanding of
elementary laws of subsurface hydrodynamics.

Thus, formulas (3.2), (3.2 ), (3.3), and (3.3 *) used for
determining the influx rate in a multi-zone heterogenous
reservoir fail to observe the physical laws governing the
reservoir hydrodynamics, violate mathematical logic, and
contain the serious errors set forth above. The said formulas
(3.2), (3.2, (8.3), and (3.3 *) are not suitable for calculating
the influx rate of a real-world well characterized by
heterogeneous permeability distribution across the reservoir
zones and should be removed from textbooks and
teaching aids in subsurface hydrodynamics. In view of the
foregoing, this paper presents four alternative ways to derive
a formula for calculating the production flow rate (volumetric
influx rate) to the bottom-hole region of a real-world well.

3.1. Deriving a formula for determining the production
flow rate of a real-world well with heterogenous
permeability distribution across the reservoir zones
(Fig. 3.1)

Variant 1. Determining the influx rate considering the
pressure loss, APs, in the skin layer, Q — const.

The loss of reservoir pressure, APk, that occurs during the
filtration of the fluid to the bottom-hole region of an ideal
well at reservoir permeability factor k is determined using
the Dupuy formula (Curve 1)

Rk
APk = Pnn — P3(x) = Qu In—. (34
k27 re

The additional loss of reservoir pressure, APs, that occurs in
the skin layer with permeability factor ks during the filtration
of the fluid to the bottom-hole region of a real-world is
determined using the formula below (see Part 1, derivation
of 1.18 and 1.35)

Ou S-ln&. (3.5)
ks2ah  Tc

AP = P3(k) - P3(ks) =

All notation items are explained in Fig. 3.1.
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APks = APx + APs = Pni— Pa(ks) = 24 nRE, Q1 g 1 Bs

2k e ks e
(3.6
W
APks = Pri—Ps(ks) =24 (K1 Bh 4 5.1 RSy,
(3.7) 2mhvks k Fe Fe

YpaBHeHWto (3.7) COOTBETCTBYET KpuBasi 2 Ha pliC.

3.1. M3 (3.7) nonyynm chopmyny ans onpeaeneHns
06BEMHOrO NMpuUToKa (0edbrTa) K 3ab0K rMOPOANHAMNYECKM
HECOBEPLLEHHOM (peanibHOM) CKBaXKMHbI

o- 25k ks(Pran — P3cksy) . o- 2ot - ks - APks .
Rk Ri“‘%{-’ HIIH R, Yk (RS
Hln( k h_' 7 In( P )
(3.8)
Puc. 3.1.

BapuanT 2. OnpegeneHvie nputoka ¢ y4eToM notepu
AaB/ieHns B KOHType nutanus P -P,, (ovic. 3.1, kpreas
2), Q-const.

[NoTepst AaBNEHUS B KOHTYPE NMUTAHMS C MPOHULIAEMOCTBIO
k cocTtaBut

: R
P, -P, = 2H* R @y
Y 2m-hk R,
MoTepst AaBNEHWSI B CKUH-C/I0E C MPOHMLIAEMOCTHIO Ks
CoCTaBuUT
. R
P, -P, . = ﬁ-ln—-‘. 3.10
R =050 = e 1 B0
Mpu 3TOM 06LLKWE MOTEPU AABNEHUS B OKOSTOCKBAXKMHHOM
MPOCTPaHCTBE COCTaBAT
APrks = Pm _P3(i§§-) = (Pm _PRS)"'(PRs - H[xs]}‘ (3.11)
Moactaenas 3HadeHnd (3.9) 1 (3.10) B (3.11), monyymm
noTepwn JaBNeHUs MPn UNBTPALMA XXUOKOCTU B

30HaJ1bHO-HEeOAHOPOAHOM r1acTe Mo NPOoHNLAEMOCTU

Pra— Ps(ks) = APk = 24 n Ry Qo6 G R
2mwh-k R, 2ah-k, r.

R R ' ) .
=&‘(l-ln—"+L-In£)=—Qﬂ ﬁ]n—k—k—“]nﬂﬂnﬂ -
27h k. Ry kg r 2k \ k. ko r, .

ks/ (1-ks/y
R . . R, 7k-R; ™k
Lo (kR kR Ou ) R 7ERTT
2ah kg |\ k v k v 27h -k ¥
(3.12)

113 (3.12) nonydum dopmyny ons onpeaeneHns Nprutoka K
320010 peasibHOW CKBaKMHbI C 30HaTbHO-HEOAHOPOOHON
MPOHMLL@EMOCTBIO MacTa

www.rogtecmagazine.com

OKOJIOCKB2XKMHHOE MPOCTPAHCTBO C YXYALLIEHHOMN
npoH1LaemMocTbio k nnacta
borehole environment with formation
degraded permeability k,
OKOJIOCKB@KMHHOE MPOCTPaHCTBO C
€CTeCTBEHHOW NpoHMLiaeMocThio k nnacta
borehole environment with formation native permeability k

=

orehole

=
&
-

Puc.3.1: TugpoamHammnyeckas cxema 30HasIbHO-HEOAHOPOAHOrO
naacta ois BbiBoga hopMy bl MPUTOKA C YHETOM CKUH-CI0S
R-r_vi KOHTYpa NUTaHus R, -R: 1-KpunBas nafeHns niactoBoro
OaBNEHNS MPY eCTECTBEHHOM NpoHULEaemMocTy k nnacta (k —
MPOHMLIAEMOCTb MJiacTa UAea/TIbHOM CKBaXKWHbI); 2 — KpuBas
nageHNs NIacToBOro AaBAEHUS NP yXyALIEHHON NPOHMLAEMOCTN
k_nnacra (k, NPOH/LIAEMOCTb MJiacTa PeasibHON CKBAXKMHbI);

k — KOO(OPULIMEHT ECTECTBEHHOM MPOHMLIAEMOCTI NN1acTa;

k_— KOBMMULIMEHT yXyALLEHHOM NPOHLIAEMOCT MacTa; P

— [aBNieHNe nacTa Ha KOHTYpe NuTaHnd R, — padnyc KoHTypa
nuTaHns; AP, — NoTepy NiacToBOro AaB/ieHNs Npy usisTpaLmmn
XKUOKOCTU B MAeaIbHOM CKBavKMHE (MpVi eCTECTBEHHOM
MPOHNLAEMOCTY nnacTa); 4P, — obLume noTepu niactoBoro
naBneHns Npy MUNbTPaLMN XXUAKOCTU B PeaslbHOM CKBaXKUHE (C
YYETOM CKMH-CJ1051 C MPOHMLL@EMOCTbLIO MacTa Ks); AP_— napeHvie
3a00MHOro AaBneHns B pesybTarte yxXyALleHVs MPOHNLaeMOCTU
nnacTta oT k Ao k,

Fig. 3.1: A hydrodynamic diagram of a multi-zone heterogenous
reservoir used for the derivation of an influx rate formula taking

into account the skin layer, R -r,, and the external boundary, R,-R :

1 is the curve showing how the reservoir pressure drops at native
reservoir permeability, k (k represents the reservoir permeability in
the case of an ideal well); 2 is the curve showing how the reservoir
pressure drops at impaired reservoir permeability, k_ (k_ represents
the reservoir permeability in the case of a real-world well); k is the
native reservoir permeability factor; k_is the impaired reservoir
permeability factor; P . is the reservoir pressure at the external
boundary, R, being the radius of the external boundary; 4P, is the
loss of reservoir pressure that occurs during the filtration of the fluid
in ideal well (at native reservoir permeability); AP, is the total loss
of reservoir pressure that occurs during the filtration of the fluid in a
real-world well (at reservoir permeability k _i. e. taking into account
the skin layer); AP_is the drop in bottom-hole pressure resulting
from the reservoir permeability impairment from k to k_

The total loss of reservoir pressure, APks, occurring in a
multi-zone heterogenous reservoir (i. e. considering the skin
layer) will equal

APks = APx + APs = Pra— P3(xs) = 2%?-?‘,,( ‘In ﬁf + 2%%;{3 S-In ‘f: ,
(3.6)
ROGTEC | 67



B [OBblHA

2701 - kes(Pna — P3(ks)) 27h - ks - APk
Q= ks, (-ksp) Q= ks s
I (Rk 7k Ry i ) niu Hln(-Rk K (Rs) )
s Fe Fe
(3.13)

BapuaHT 3. OnpegesneHvie nputoka 30HaslbHO-
HEeOAHOPOAHOIO r/iacTa Yepes ero cpegHee 3HaqYeHmne
KoagumeHTa npoHvyaemocty kep, (puc. 3.1).

Q —const.

[edbuT nosanbHOM CKBaXKMHbI
27 k(Pnﬂ - 3(_,{))
wuln Ri/re )

[edbunt peanbHOM CKBaXKWHbI Bblpa3nM Yepes3 cpeaHese
3Ha4eHne KoaduLmeHTa npoHnLaemocTy kep. MNpn
9TOM NNACT pacCMaTprBaEM Kak OHOPOAHbIN C

KOS DPUUMEHTOM MPOHMLIGEMOCTU kcp.

(3.14)

kep - 270( Py - P

3{:@))_ (3.15)

ulnRi/¥e

V13 paBeHCTBa AeOUTOB MOESANBHOW U PeasibHOM CKBaXKWH U
npupasHMBas npaeble YacTu (3.14) 1 (3.15), 3anuiiem

k- (Pm - P'J'M) :-"(r-p (Pua - P3ks))
kep=k- Pna—P3(k) k- Qy In Rk Qu I1 Rk ] Rq

Pria—P3(ks) 2ah-k re T 2nhks k Rs kx !‘c
ks In Rk ksIn Rk
= Fe - Fe
ks . Rk ks Rs ks
In +(1="")In s
ke k) e g Rl KRy
Fec
oTcrona
ksln Rk kln LS
kep = ——re—, (3.16) kep=———TC . (16)*
In| RE .'k'(Rsls MM I Rk-Rs” %™ ’
n|
rec re

®opmynbl (3.16)
3KBUBAIEHTHbI.

1 (8.16)° onsa onpegeneHns kep

MNoocTaenas 3HadeHve (3.16) B (3.15) nonyumm oebur
peasibHOV CKBaXKMHbI C 30HAIbHO-HEOAHOPOOHOM
MPOHNLAEMOCTbLIO NacTa

27t - ks - APks

0= R ,em-# (R )S :
% (R
Fe )

(3.17)
,uln(

BapuaHT 4. OnpegenerHvie gebuta CKBaKUHbI C
30HaJ/IbHO-HEOZHOPOAHOM MPOHNLAEMOCTbIO rsiacta rnpu
paBeHCTBE 3ab0VHbIX AaB/IEHNN,

P3(ks) = P3(k)= P3; Pna - P3(ks) = Pna - P3(k)=

=Pnu - P3=APk-const.
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or

APks = Prn—P3(is) =24 (B 10 BE 510 RS,
2mh-ks k I“c Fe

(3.7)

In Fig. 3.1, Curve 2 corresponds to equation (3.7). (3.7)
gives us a formula for determining the volumetric influx
rate (production flow rate) to the bottom-hole region of a
hydrodynamically-imperfect (real-world) well

o- 25k ks(Pran — P3cksy) . o- 25t - ks - APks .
R % Ri]J? % WIIH R, % (R
M ln( L h_' L In( P )
(3.8
Fig. 3.1.

Variant 2. Determining the influx rate taking /nto account the
pressure loss at the external boundary, P, - Fig. 3.1,
Curve 2); Q — const.

RS, (

The pressure loss at the external boundary with
permeability k will equal

P -P, = Q- u -ln&
2r-hk R

ni Rs
s

(3.9)

The pressure loss in the skin layer with permeability ks will
equal

P __Qu R

Rs — P3(|cs) - In

e (3.10)

In this case, the total pressure loss in the near-wellbore
region will equal

APis = Py, _P3(i{5-) F-::x,.]]—
Plugging the values from (3.9) and (3.10) into (3.11), we
obtain the pressure loss that occurs during fluid filtration
in a multi-zone reservoir with heterogenous permeability
distribution

(3.11)
=(Pm _PRS)+(PR5 -

Pnia-Ps(ks) = APk = 24 . in R 1n s
2ah-k R, 2ah-k,  r

R R . ) '
=&, l.ln_f‘+L.|"£)= Qu ﬁ]"_ﬂ’_k_ﬁ]nﬂ_'_ln& -
27k Ry kg r 2k \ k. ko r, .

(1 fn :.
R . . R, k Ry
=—Q"u k—"ln—k-r(]-k—")lnﬂ = Qu In .
27h- kg | k v k v 27h -k ¥
(3.12)
_ 2gth - ks(Pna - P3(ks)) 0= 270 ks APk
- ks, (I ks B ks s
R, 7k - 7k : R 7% (Rs)
| k Hiu In(:
utn( P2 ) pin(FH— "25)
(3.13)
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P

ni _‘Pg(;{) =

P, - PRs )+ (P — PZ(K)).
B nHTepaanie Pnu - PRs KOS(MMOUUMEHT MPOHULZEMOCT
paeeH k, a B uHTepeasne PRs -P3k — pageH ks (cM. puc. 3.1)

Q- u -In&

P'_PR.\' Q'u'l'l—*, PR W .
CAK I,

" 27-hk R,

T Ps{K) =
Ob6Lupme noTepw OaBneHns B MHTepsase Pna - P3(k)
COCTaBdAT

Pra - P3(k) = m-fd“k s
1 " =
(3.18)

13 (3.18) nosyurm

25 - (Pnn — P3(k)) 27h - ks(Pnrn — P3(k))

- (lln&+iln&)= (—Inﬁ—&ln&+ln—)=
TR ks k

Fe ke Fe Ve
_ 2mh - ks(Pnn — P3(k)) _ 27h - ks(Pnn — P3(k)) .
B ¢ ¢ . ks, (1-ks7)
,u{-k‘-]n-Rk- +[ 1= L In- L ) R, 7k Rg i
k Fe k Ve lu]"(
Ve
27h - ks(Pna — P3(k)) 2h - ks - APk
Qs = ks, (k) O = 5 5
In(R" k- Ry k ) WK uln(R"‘ k- R )
H Ve ' Ve
(3.19)

dopmynbl (3.8), (3.13), (3.17) ana onpeaeneHnst NpuToka
K 32000 CKBaXKMHbI C 30Ha/TbHO-HEOAHOPOHOM
MPOHMLIAEMOCTBIO MlacTa MaeHTUYHbIE, a (3.19) —
SKBUBaJIEHTHA.

3.2. lNotepu npmToKa K 326010 peasibHON CKBaKUHbI
Py CHWKeHUM 3aboVHoro gasneHus ot P3(k) o P3(ks),

(r1acT 30Ha IbHO-HEOAHOPOAHBIN 10 MPOHMLIAEMOCTY).

MpuToK npw 3a6oiiHoM fasneHnn P3(ks) cOCTaBuUT (CM.
3.13)

Q=

27k - ks(Pm? - P3(k‘i))

ks (1- k/)
NG S

Fe
[MpuTOK Npw 3aborHOM aasneHun P3(k) coctaBuT (Cm. 3.19)

(3.20)

(3.21)
27th - ks(Pna— P3(k))

kk R(l ksiy 7

un( )

[NoTepst NpUTOKa MPK 3TOM cocTaBnT 4Q = Q - Qs,

Qs=

www.rogtecmagazine.com

(3.12) gives us a formula for determining the influx rate to the
bottom-hole region of a real-world well with heterogenous
permeability distribution across the reservoir zones.

Variant 3. Determining the influx rate in a multi-zone
heterogenous reservoir using its average permeability factor,
kcp, (Fig. 3.1). Q — const.

The production flow rate of an ideal well

27h-k(P,, — P.
0- (Baa 3(x) ) _ (3.14)

wuln Ri/re

Let us express the flow rate of a real-world well using the
average value of the permeability factor, kep. In this case,
the reservoir is homogeneous and having permeability
factor kep.

B kep - 27 Py — P (3.15)

z{ks‘))

ulnRk/Fe

Proceeding from the equality of the flow rates of the ideal
and real-world wells and equating the right-hand sides of
(8.14) and (3.15), we can write

k- (Pna - P3w) =kep (Pna- P3ks))

fepmi PIPA) Ot R Ou (1, RE 1R
Pria—P3(ks) 27k 2ahks\k Rs ks re
ksIn Rk ksIn Rk
= Fe - Fe
ks . Rk ks Rs ks
In—=+(1--")In Y, &
ke k) e g Rl KRy

e

from which it follows that

ksln Rk kln Li;
kep= Ty (3.16) fopm——Te
1| BE K. (Rsy®

re

L (3.16)*

HITH

(3.16) (3.16) *

Formulas (3.16) and (3.16) *
kep are equivalent.

used for the determination of

Plugging the value from (3.16) into (3.15), we get the
production flow rate of a real-world well with heterogenous
permeability distribution across the reservoir zones

27h ks APk
R,k (R;) )

Q= (3.17)

,uln(

Variant 4. Determining the production flow rate of a well with
heterogenous permeability distribution across the reservoir
zones given the equality in the bottom-hole pressure values,
P3(ks) = P3(k)= P3; Pha - P3(ks) = Pna - P3(k)=

=Pna - P3=APk-const.
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27 - ks( Pnn — P3(ks)) 3
k/ (1 r‘%) k/ (I—f%)
) (% )

AQ =
,u]n(

27h - ks(P3(k) - P3(ks))
= N k =
k k .RS %}

27th - ks - APs

27th - ks(Pna— P3(k))

= &7 T
R R, 7k -(Ry)

] k In Tk MsS
uin(FE= 2 ) ()
27th - ks(P3(k) - P3(ks)) 27th - ks - APs
AQ = s 1-ks, = ks )

/ ( 37) R,k (R
“ In H Fe
(3.22)

®opmyna (3.22) NokasbIBaeT, YTO MOTEPS JaBieHUs

B CKUH-CJ10€e Ha BeJinduHy APs npuBoanT K
MPOMOPLNOHaIbHOMY CHUXKEHUIO MPUTOKA (gebuTta) Ha
BesindnHy AQ.

3.3. BzanmocBsiab Mexxgy 0CHOBHbIMU
ruapoanHaMNYEeCKUMU rnapameTpamMn CKBaKUHBI U
KO3¢hh1LMEeHTOM rMPOHNLLaeMOoCTH riacTa

3.3.1. BaamocBsisb mexay KoagpouLmeHTamm
MPORYKTUBHOCTY peasibHOV CKBaXKUHbI KS 1
npoHuyaemocTy ks 30Ha/IbHO-HEO4HOPOLAHOIO r/1acTa.
Q-const.

LebuT peanbHOm CKBaXKMHbBI MPU 30HaTTbHO-
HeogHopoaHoM nacTe (3.8)

27th + ks(Prn — P3(ks))

0= k/ “ k/) (323)
(B 0y
LedbunT noeanbHOM CKBaXKMHDI
_ 27h k(P - 3(,‘_)). 3.24)

ulnRi/re
[Mpw Q-const, NpypaBHVBag Npasble YacTu (3.23) n
3anmuem

(3.24),

272 ks(Pna — P3ks))

/ ks,
R R

Fe

27 k(Pyg — P
~ ulnRijre

,uln(

[Mpr 3TOM KO3 PULIMEHT NPOOYKTUBHOCTY Ks peasibHOM
CKB2XXMHbI COCTaBUT
27th + ks
R5 . R (I ks
I\ —————
pan( )
KoahhuumeHT npoayKTMBHOCTU K naeanibHON CKBEXKMHbI

K, =

(3.25)
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P

1 =Py = Prn = Ppe) + (Prg = F)-
In the interval Pna - PRs, the permeability factor is equal to

k, and in the interval PRs -P3k, it is equal to ks (see Fig. 3.1)

The total pressure loss in the interval Pna - P3(k)) will equal

R_Owu L&, 1R
wh kR ko1

Pur-Ps(hy = APr = ZH g Ry Q8 R
2wk R 2k,

(3.18)
0, = 25t - (Pn?—PJ{k}) _ 27th + ks(Pnn — P3ck)) _
o (ll1ﬁ+il —) (—I &—&h &+ln—)_
= k Rs ks Fe Fe k Fe Fe

2mh - ks(Pnn — P3(k))

- m ks(Pnn = P3k))
Rk ks\, Rs.

—1 1= m

( ( k)] )

ks, (-ks7)
R,q— k- R k )

re uln

Fe
0, - 270 - ks(Pnn — P3ck)) 0 27th - ks - APk
s ks, 1-ks, = s = ks
R, % - RE Z I R, 7k R}
y]n(i‘ ) .“l"( )
Ve Ve

(3.19)

Formulas (3.8), (3.13), and (3.17) for determining the influx
rate to the bottom-hole region of a well with heterogenous
permeability distribution across the reservoir zones are
identical, and (3.19) is equivalent.

3.2. The drop in the rate of influx to the bottom-hole
region of a real-world well occurring when the bottom-
hole pressure decreases from P3(k) to P3(ks) (in a multi-
zone reservoir with heterogenous permeability distribution)

The influx rate at bottom-hole pressure P3(ks) will equal
(see 3.13)

27h - ks(Pnn - P3cksy) 29

p k4 . p-RD
im0 )

Fe
The influx rate at bottom-hole pressure P3(k) will equal (see
3.19)

Q=

27t - ks(Pnn — P3(k))

k/ (1—"%) ;

Qs=

(3.21)

utn( )
Ve
In this case, the drop in influx rate will equal
4Q=0Q-Qs,
AQ = 27th * ks(Pnx — P3(ks)) 27th - ks(Pna = P3(k))

k/ (11%))_ ( k/ (I—f%))
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27th -k 3.96
K =2k o0
wuln Rk/Fe
Pazpgenvs (3.25) Ha (3.26), nosyym
in R
Ks _ ks Lk ks " e
- ks, (1-ks/) R r ks s\
K | (R& kR, 7k In e k In _R;{ k(R ) Wim
Fe Fe
1, Rk 1n Rk
Ks _ ks " e e
K | R, Yk (R, 3.27) e R;(;C":‘ (R
Fe Fe
=a
(3.27)

Beenem HoBoe 0b603HaqeHe a, roe a — koaghgpuyueHm
HeodHOpodHOCMU naacma - KO3HULUNEHT
MPOMNOPLMNOHASIBHOCTH, YYUTBIBAOLLIM HEQAHOPOAHOCTh
rsacra o rnpoHULAEMOCTU.

C y4yeToM hopmysbl (3.16) sanuLuem

ks o o ker
k k.

(3.28)

13 (8.28) cnemyeT BaKHbIN BbIBOA, YTO KOSMMULNEHT
MPOAYKTUBHOCTU peaibHOM CKBaXKUHbI Ks MpsMo
NPONOPLIMOHANIEH CPEOHEMY 3HAYEHNIO KOSDMULMEHTA
NpoHMLREMOCTU kep 30HaNIbHO-HEOHOPOAHOIrO
niacTta 1 OTHOCUTESTbHBIE UX BEMTNYMHBI PaBHbI MEXXIY
cobow, a KOAPDOULMEHT MPOHULIAEMOCTU CKNH-30HbI ks
HaxXOOUTCS B MPAMOM 3aBUCUMOCTU OT KOoadmupmeHTa
HEOQHOPOOHOCTM NfacTa a.

3.3.2. BaaumocBasb Mexxgy 4e6UTOM peasibHOU
CKBaXKVHbI Qs 1 KO3(hULUNEeHToOM rpoHuyaemMocTu ks.
P3-const; (P3(k)=P3(ks)).

[ebuT peanbHOn CKBaXKMHbI

27h - ks(Pnn — P3(k))
L (1 ksi)
i )

Fe

Q.s'=

ebuT noeanbHoOM CKBaKMHbI

ulnRi/Fe '

Pasgenvs Qs Ha Q, MoyY M
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_ 27th ‘k.s'(P_'i'(k) - PS(/{.\‘)) _ 27 ks APs

. _k
ksk 'RS %}

ks s
R R, 7k -(Ry)
k In( =k 787
,u:ln( e ) u ( e )
AQ = 27th - ks(P3(k) - P3(ks)) 27th " ks - APs

- k/ (] ky) - Rk%.(R )5 )

Mln( ) puin(H e )

(3.22)

Formula (3.22) shows that a drop in pressure by APs in
the skin layer causes the influx rate (production flow
rate) to decrease proportionally by AQ.

3.3. The relationship between the primary
hydrodynamic parameters of the well and the reservoir
permeability factor

3.3.1. The relationship between the productivity factor,
Ks, of a real-world well and the permeability factor, ks, of
a multi-zone heterogenous reservoir, Q-const.

The production flow rate of a real-world well in a multi-zone
heterogeneous reservoir (3.8)

27+ ks(Pna — P3ks))
0= (1—ks/ ’
R /;( R /k
u]n( )

The production flow rate of an ideal well

(3.23)

- ulnRi/re )

(3.24)

With Q-const, equating the right-hand sides of (3.23) and
(8.24), we can write

277 - ks(Pna — P3(ks))
s/ 1-ks
R, Yk R( 7
(BB
Fe

~ 27h - k(Bpp = Pyy)
ulnRi/Fe )

In this case, the productivity factor, Ks, of a real-world well
will equal

(3.25)
27h - ks
K= o, A5
R, 7k-Rg; 7k
,uln(—'
Fe

The productivity factor, K, of an ideal well
27h -k

_ 3.26)
ulnRe/re

Dividing (3.25) by (3.26), we get
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]nR—k
O _Ks_ks
Q K k Rkk% (R ) nnn
Ve
¢ y4eToMm (3.16), 3anuuiem
O _Ks _ks ke
O K k 29

®opmyna (3.29) nokasbIBaeT, YTO AEOUT peanbHON

CKBaXKWHbI Qs MPSIMO MPOMNOpLIMOHaIEH 3HAYEHNSM

koo hrumeHTOB ks, Ks 1 kcp, @ OTHOCUTENBbHBIE NX
BENMYMHbI PaBHbI MEXXY CODOM.

3.3.3. BaauvmocBssisb Mexxay kKoaghpuLmeHTom
MPOHNLAEMOCTY 30Ha/IbHO-HEOAHOPOAHOro niacra u
rnageHviem raacToBoro gassaeHns APKks ripy counbtpaymmn
JKUOKOCTU. Q-const.

[MNoTepr NnacToBOro aasneHnss APk npy dunstpaumm
YKNOKOCTW K 380010 MOeaIbHOM CKBaXKWHbLI C
KOS ONLMEHTOM MPOHULREEMOCTV k niacTa onpenensaeTcs

dopmynion dronton
APk = Pnn— P3(k) = k%

ObLwpe NoTepr NNacToBOro aasneHns APKs ¢ y4eTOM
CKWH-C/10S1 COCTaBsT

AP#ks = Pri—P3(xs)= 2t nRh, Q4 g1 B
2k Yok e
Paspenve APk Ha APks, NonyYm
I Rk ] Rk
APk _ ks e s " e
APks  k ks In R S-In Rs k& [Rkk% “(Ry)’ ]
k Fe e In
Ve
C yyeToM (3.16) 1 (3.29) nmeem
APk Qs Ks ks _ kep
APks Q K Tk k (3.30)

N3 dopmynbl (3.30) BUAHO, YTO 06LIME NOTEPK
nJacToBoro gasneHuns APks B 30HaIbHO-
HEeOOHOPOAHOM MlacTe 0bpaTHO MPOMOPLIMOHATbHO
3HayeHuaMm @Qs, Ks, ks 1 kcp, a OTHOCUTENBHbIE UX
BEe/IMYNHbBI PaBHbI Mexay cobom

72| ROGTEC

& _ ks k _ ks In _,2
- (a-ks7y Re ~ k ks, s\
K In (R k. Ry 7K In o k L _R;{ 7k - (Ry)* Wim
Fe e
| Rk In Rk
Ks _ ks e re
; : %y N
Kk | k(R (3.27) e R, 7k -(Ry)
I Fe Fe
3.27) =a

Let us introduce a new notation item, a, where « is the
reservoir heterogeneity factor, i. e. a proportionality
coefficient accounting for how non-homogeneously
permeability is distributed within the reservoir.

In view of (3.16), we can write

Ks ks

Kka_k

(3.28)

One important conclusion that follows from (3.28) is that

the productivity factor of a real-world well, Ks, is directly
proportional to the average permeability factor, kep, of a
multi-zone heterogenous reservoir and that their relative
values are equal to each other, whereas the skin zone
permeability factor, ks, is directly dependent on the reservoir
heterogeneity factor, a.

3.3.2. The relationship between the production flow rate
of a real-world well, Qs, and the permeability factor, ks.
P3-const; (P3(k)=P3(ks)).

The production flow rate of a real-world well
27th - ks(Pnn — P3(k))
P {1 ks

i )

Fe

Q.s'=

The production flow rate of an ideal well

270 k(Pyy = Py

ulnRi/re

Dividing @s by Q, we get

Rk
]n—

ky B

% -

[RTCRY
Ve

in view of (3.16), we can write
O _Ks_ks ke
O K k k

% Ks ks

O K k

(3.29)

Formula (3.29) shows that the production flow rate of a real-
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3.3.4. BzavimocBsiab Mexay NoTeHUmnasibHbIM eOUTOM
QnoT. HeoQHOPOAHOIO MacTa v ero KO3gULNEHTOM
MPOHNLAEMOCTN.

[NoTeHuyanbHbIn OeOUT PeanbHON CKBaXKMHbI C 30HANBHOM
HEeOOHOPOOHOCTBLIO MiacTa CoCTaBUT

27th -+ ks - Pna
Qnom(k.s‘}. = ks /
mn(g)
Ve
MoTeHUVabHbIM AeOUT MOeanbHOW CKBaDKMHDI
27h -k - Pnn
Qnom(rc} =——,
uln(Re/¥c)
Paspenve Qnom(ks) Ha Qnom(k), NosnyHm
Rk
Qnom(k.s‘} _ Ks _ ks ln;
Qnom(k) K k R k,‘% . R“S
ln(ik S )
Fe

C yyeToM (3.16) 1

QS _ Q}mm(k\} K\' _ é o= k(:p
Q erom( k) K k k

[MNoTeHumanbHbI 0edbntT Qnom(ks) 30HaBLHO-
HEeOOHOPOLHOIrO MPOLYKTVBHOMO MJiacTa HaxooMTCs

B MPSIMOW 3aBUCUMOCTU OT NMPOHML@eMocTu kep, a
OTHOCUTENbHbIE BENMNYNHBLI Q, Qnom, K, ks, kcp paBHbl
MeXxay COboN.

(3.30), sanuLuem

(3.31)

3.4. 3a6nyxgeHns: n oLM6KU, fOMyLeHHbIE B TEOPUMN 06
aghhekTBHOM (NpUBE[EHHOM) PaaNYCe Inp CKBaXKUHBI.

ObLLenpusHaHHbIE MHEHMST O TOM, YTO KaXXObI
CYUTAET AE/IOM AAaBHO PELLIEHHBIM,

yalLie BCEro 3ac/1y»kK1BaroT UCC/I8L0BaHUSI.
leopr K. JinxteHbepr. 1742-1799.

o onpeneneHnio — MPUBEAEHHbIN PaanyCc CKBaXKVHbI
r,, — 370 paguyc BOObBpaxaeMou, (hUKTUBHOM
ryapoaNHaMNYECKU COBEPLLEHHOVI CKBaXXVIHbI, JEOUT
KOTOPOWI paBeH [ebOUTY [JaHHOW rapOaMHaMUNYECKU
HECOBEPLLEHHOV CKBaXKUHbI. Takoe onpeagneHe npyHaTo
BO BCEX Hay4HbIX U yH4EOHbIX M3OaHNSX, B T.4. 32pyOEXKHbIX,
OTHOCSLLMXCS K OPOANHaMMKE HERTAHOrO nnacTa.

V13 onpeneneHns cnenyer:

k - 27h(B,, - P;)
e In(Rk/¥e) +s)

k- 270(B,, - P,)
wu ln(Rk_, Frp)

O = an

www.rogtecmagazine.com

world well, @s, is directly proportional to the values of the
factors ks, Ks, and kcp, and their relative values are equal
to each other.

3.3.3. The relationship between the permeability factor
of a multi-zone heterogenous reservoir and the drop in
reservoir pressure, APks, occurring during the filtration of
the fluid, Q-const.

The loss of reservoir pressure, APk, that occurs during the
filtration of the fluid to the bottom-hole region of an ideal
well at reservoir permeability factor k is determined using
the Dupuy formula

APk = Pnn— Rk

P3(k) = k 2]#1

The total loss of reservoir pressure, APks, taking into
account the skin layer, will equal

APks = Pra— Py(ics)= Lot n Rh Q" H g1 Rs
2k ks re
Dividing APk by APks, we get
I Rk ] Rk
A‘pk_ﬁ. n?’c' _& ni’c.'
APks ks In }fk +S-In Rs  k Rkk% “(Ry)
Fe Fe Ve
In view of (3.16) and (3.29), we have
APk Qs Ks ks o = kep
APk O Kk k (330

Formula (3.30) shows that the total reservoir pressure loss,
APks, occurring in a multi-zone heterogenous reservoir is
inversely proportional to the values of @s, Ks, ks, and kcp,
and their relative values are equal to each other.

3.3.4. The relationship between the potential production
flow rate, Qriot, of a heterogenous reservoir and its
permeability factor.

The potential production flow rate of a real-world well given
the multi-zone heterogeneity of the reservoir will equal

27th - ks * Pnn
Qnon':(k';}. = k/ RS
(M)
Ve
The potential production flow rate of an ideal well
27th -k - Pnn
Qm)m( K)y=——"—"".
uln(Ri/¥c)

Dividing @Qnom(ks) by Qnom(k), we get
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Puc. 3.2: Cxema ons NosiCHEHWS! BO3MOXXHOCTU BECUMCIEHHOTO
MHOXXECTBA (OMKTUBHBIX CKBXKNH C Pa3INYHbIMI NMPUBELAEHHBIMMI
paguycamu rmp(i) 1 oaMHaKoBbIMU AebUTamMm, COOTBETCTBYOLLIMM
nebuTy 0OHOW pealbHOM CKBaXKMHbI.

Fig. 3.2: A diagram explaining the possibility of an infinite number of
fictitious wells with different equivalent radii, rmp(i), and equal production
flow rates conformable to the flow rate of one real-world well.

ﬂOCKOJ’Ibe nedbunThbl OBYX CKB2X)KH MPMPaBHMBAKOTCA Mpn
NPEO4NX PaBHbIX YCIOBUSX, MeeM

In(Rk/¥e) + S = In(Rk/Fnp),
Frp=Vc-€*

()

oTcoga

HecocTtositenneHOCTL onpeaeneHnst npuBeaeHHOro
paguyca n ero hopMysibi (X*) 3aK/I04aETCS B TOM,

YTO TEOPETUHECKM CYLLIECTBYET BECUNCIEHHOE
MHOXXECTBO MOPOAMHAMNYECKN COBEPLLEHHBIX
PUKTNBHBIX CKBAXKWNH C 6ECHNCNEHHBIMM 3HAYEHNSMM
NpUBEAEHHBIX PaanycoB, HO PaBHbIMK OebuTamu,
COOTBETCTBYIOLLMMW OEOUTY OOHOW rMapOaNHAMNYECKIN
HECOBEPLLEHHbI PEASTBHOM CKBaXKMHbBI. ITO XOPOLLO
NNIOCTPUPYETCH Ha puc. 3.2. 1 opmynon (3.32). Onga
hopMyIMPOBKM NPUBEOEHHOIO Paauyca 1 onpeaeneHms
€ro 3Ha4eHns ycsioBme paBeHCTBa 4eb6UTOB
rMAPOONHAMUYECKM HECOBEPLLEHHOW peasibHOM
CKBa)XXVMHbI 1 COOTBETCTBYIOLLEN el MMAPOANHAMUNYECKM
COBEPLLUEHHON (PUKTUBHOUN CKBaXXKUHbI SBNAETCA

abCOMOTHO HECOCTOATESBHBIM U OLLIMOOYHBIM YCIOBUEM.

PaBHble 3Ha4YeHNs NPUTOKa K 3a60K0 BECHMCNIEHHOIO
MHOXeCTBa (PUKTUBHBIX CKB2XXUH C PasnNyHbIMU
3HAYEHNAMM MPUBEOEHHbBIX PaaMyCOB,
COOTBETCTBYIOLLMX 3HAYEHNIO MPUTOKA K 36010
peasibHON CKBaXKMHbI, MOXXHO MOJyYUTb MpW
Pa3INYHBbIX KOMOBMHAUMSAX C PA3SIUYHBIMU 3HAYEHUSMU
KoahhurymeHTa npoayKTuBHOCTU Ki 1 3a60MHOIO
nasnenus P3i, T.e.genpeccumn APi. Cm.puc. 3.2. 1

dopmyny (3.32).
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Rk
Qnom(k.s‘} _ & _ E ln;
Qnom(k) K k R k}‘% . R;S
In(=k——=)
Ve

In view of (3.16) and (3.30), we can write

QS Q} wm(ks) Ks kﬂ' k cp
=2 Znomtks) (RS K o = 2P
Q K k k

The potential production flow rate, @Qnom(ks) of a multi-
zone heterogenous reservoir is directly dependent on its
permeability, kep, and the relative values of Q, Qnom, K, ks,
and kcp are equal to each other.

(3.31)

Qrmm( k)

3.4. Errors and misconceptions occurring in the theory
of the effective (equivalent) wellbore radius, rnp

The commonest opinions and the things
that everybody takes for granted
deserve most often to be investigated.
Georg K. Lichtenberg. 1742-1799.

By definition, the equivalent wellbore radius, T

is the borehole radius of an imaginary, fictitious,
hydrodynamically-perfect well whose production flow
rate is equal to the flow rate of a given hydrodynamically-
imperfect well. Such a definition has been adopted in

all scientific and educational publications, including non-
Russian ones, relating to oil reservoir hydrodynamics. As we
can infer from the definition,

k2B, - Py)
S u-In(Rk/re)+s) P

_k-2an(F,, - Py)
wIn(Rk/¥np)

Since the flow rates of the two wells are deemed to be
equal (all other things being equal), we have

In(Rk/¥e) + S = In(Rk/Frnp),

Vip=Fc-€ % from which it follows that

(x7)

The untenability of this equivalent radius definition and

of its formula (x *) follows from the fact that, theoretically,
there are innumerable hydrodynamically-perfect fictitious
wells with innumerable equivalent radius values whose
production flow rates are, however, equal to each other and
conformable to the flow rate of a given hydrodynamically-
imperfect real-world well. This is well illustrated in Fig.

3.2. and in formula (3.32). For purposes of defining

the equivalent radius and determining its value, the
condition of equality of production flow rates between

a hydrodynamically-imperfect real-world well and some
fictitious, hydrodynamically-perfect well associated with it
is, thus, an absolutely untenable and erroneous condition.
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BecuncneHHOMY MHOXXECTBY 3HAYEHNIN 3a60MHOIO
OaBnenus P3(i) COOTBETCTBYET BECHMCIEHHOE MHOXECTBO
3HaYeHUn KoadurumeHTa NpoayKTneHoCcTY K(i) v,
COOTBETCTBEHHO, BECUNCIIEHHOE MHOXXECTBO (PUKTUBHbIX
CKBaKVH C pas/INYHbIMM MPUBEAEHHBIMI paauycamm rmp(i),
HO OOVHaKOBbLIMW OeOUTaMM.

k -27h(P,,, — P3(i))
L-1n Rk /¥Fnp(i)

Qconst=Ki- APi =
(3.32)

3.4.1 OnpegeneHvie achghekTnBHOro (NpmMBELEHHOrO)
paauyca rnp CKBaKVHbI Y BbIBOA €ro ¢hopMy/ibl

OaHoMy 3HaYeHMIo Koo rUMeHTa NPOOYKTUBHOCTM
Kconst COOTBETCTBYET BECHNCIEHHOE MHOXXECTBO
KOMOUHALIMA 3HAYeHU MpUToKa Qi 1 AENPEeCcCUn Ha NnacT
APi, T.e.

Kconst = Qi/APi, cnenosaresibHO

k-2mh Qi
w-InRk/Vnp  APi’

Keonst = (3:33)

roe Qi — pasnnyHble 3Ha4YeHNA NPUTOKa, COOTBETCTBYIOLLE
pasnnN4HbIM 3Ha4YeHNsSM genpeccun APi = Pna - P3(i) Ha
NAaCT (PUKTUBHBIX CKBaXKWH; rnp - NPUBEOEHHLIN paanyc
(OUKTVBHOM CKBaXKMHbI.

ebuT peanbHOM CKBaXKMHbBI C 30HAUTBHOM
HEeOQHOPOAHOCTLIO MNacTa BbipasuM Yepes cpeaHee
3HaueHne KoaduLmeHTa npoHnLaemocT kep (CM. 3.16).
[Mpw 3TOM MIaCT paccMaTpUBaeM Kak OHOPOOHBIN C

KO3 ONUMEHTOM MPOHMLEEMOCTV Kep.

k., - 27h(Pnn— P3(ks))
w-InRk/Ve

O, = Ks-APK(s) =

(3.34)
Obo3HaveHns Ha puc. 3.2 n 3.3.

OebuT rmopoanHaMNYECK COBEPLLIEHHON (OUKTUBHOWN
CKB2XXMHbI (KpviBas 1 Ha puc. 3.3.

k * 27h(Pnn - P3(k))
- InRk/Fnp

(3.35)

0, = K- APk -

[Mpwn paBeHCTBE KOSMPULMEHTOB MPOOYKTUBHOCTU Ks
peasnibHOM N K PUKTUBHOWM CKBaXKH (Ks=K),uHOMKaTOpHbIE
NHWM Q=f(AP) 3TVX CKBaXK/H coBraayT. [pw

3TOM BO3MOXXHbI Pa3/IMYHbIE BapUaHTbl 3HAYEHN
nenpeccun Ha nnacT, (APk>APkK(s)), (APk<APKk(s)),
(APk=A4PK(s)),COOTBETCTBYIOLLME PA3/INYHBIM SHAYEHVIAM
npuTtoka Qi. Npn paBeHCTBe Aenpeccun Ha niacT
peasibHOM N PUKTUBHOW CKBaXXH APK=APK(S),KaK
YaCTHbI cy4Yan, (CM. puc. 3.2 1 3.3) ByayT paBHbI U

www.rogtecmagazine.com

By applying different combinations of the productivity factor,
Ki , and the bottom-hole pressure, Pa3i, (i. e. drawdown,
APi), we can come up with innumerable fictitious wells with
different equivalent radius values whose rates of influx to the
bottom-hole region will, however, be equal to each other
and conformable to the actual influx rate of a real-world
well, see Fig. 3.2. and formula (3.32).

The infinite number of bottom-hole pressure values,
P3(i), corresponds to an infinite number of values of the
productivity factor, K{(i) and, hence, an infinite number of
fictitious wells having different equivalent radii, rp(i) but
equal production flow rates.

k -27( By, — P3(i))
Li-In Rk /Vnp(i)

Qconst=Ki- APi = ’ (3.32)

3.4.1. Defining the effective (equivalent) wellbore radius,
rip, and deriving its formula

One value of the productivity factor, Kconst. corresponds to
an infinite number of combinations of influx rate values, @i,
and reservoir drawdown values, APi, i. e.

Kconst = Qi/APi, from which it follows that

k- 27 Qi
u-InRk/Vnp  APi ’
where Qi are different influx rate values corresponding to
different reservoir drawdown values, APi = Pna - P3(i),

in the case of fictitious wells, rnp being the equivalent
borehole radius of the fictitious well.

Keconst = (3:33)

The let us express the production flow rate of a real-world
well in a multi-zone heterogenous reservoir in terms of the
average value of the permeability factor, kep (see 3.16). In
this case, the reservoir is considered to be homogeneous
and having permeability factor kcp.

k., - 2nh(Pnn — P3(ks))
w-InRk/Ve

O = Ks-APk(s) -

(3.34)

The notation is as shown in Fig. 3.2. and 3.3.

The production flow rate of a perfect, fictitious well (Curve 1

in Fig. 3.3)

k * 27h(Pn - P3(k))
w-InRk/Fnp

Qk =K-APk = (3.35)

When the productivity factors of the real-world well Ks and
the fictitious well (K) are equal to each other (Ks=K), the
indicator lines Q=f(AP) of these wells will coincide. At the
same time, the reservoir drawdown can take many different
values, (APKk>APK(s)), (APk<APK(s)), (APk=APk(s)),
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Puc. 3.3: Cxema ans BbiBoga hopmysibl 3hPeKTMBHOrO
(NpvBeOeHHoro) paguyca r., naeanbHoM ((MKTUBHOWM) CKBaXKMHBI.
Qoic - const.; 1 — KpvBas NOTEPU AaBMeHVS NP UbTPaUMN
XKUOKOCTU K NaeasbHOM ((DUKTUBHOWM) CKBaXKMHE C pafnyCoMm

r,,; 2 — KpviBas noTepy iaBNeHnst nMpn uibTpaLm >KnaKocTy

K peasibHOM CKBaXKMHE C paguycoM r; k — koahduumeHT
NPOHMLIAEMOCTI N1acTa MaeasbHOM CKBaXKMHbI; S — KOS MULIMEHT
MPOHNLIAEMOCTY NacTa peasibHOM CKBaXXKWHbI; Pnja — faBneHune
rmnacTa Ha KoHType nutaHus R,; P (k) — 3abolHoe AasneHve
noganbHOM CKeaxuHbl; Pk ) — 3aboviHoe aaBeHvie peasisHow
CKB&XKVIHbI; R — paiuyc CKUH — 30HbI; R, — paauyc KOHTYpa
nuTaHns; AP, — NOTEPU JaBNeHNS Npy PUNLTPALMM XKUOKOCTU K
naeanbHoM (OUKTVBHOM) CKBaXKMHE C r,,; 4P, — NOTEPN AaB/IEHNS
Mpy UABTPALN XNAKOCTU K PEaUTbHOW CKBaXXWHE C r; h —
MOLLIHOCTb MnjacTa.

Fig. 8.3: A diagram used in the derivation of the formula for the
effective (equivalent) radius, r,,, of an ideal (fictitious) well. Qa#c -
const.; 1 is the curve showing how the pressure drops during the
filtration of the fluid towards the borehole of an ideal (fictitious) well
with radius r, ; 2 the curve showing how the pressure drops during
the filtration of the fluid towards the borehole of a real-world well
with radius r; k is the reservoir permeability factor for an ideal well;
s is the reservoir permeability factor for a real-world well; Pna. is the
reservoir pressure at the external boundary, R,; P,(k) is the bottom-
hole pressure for an ideal well; P (k) is the bottom-hole pressure
for a real-world well; R_is the radius of the skin zone; R, is the
radius of the external boundary; AP, is the pressure loss occurring
during the filtration of the fluid towards the borehole of an ideal
(fictitious) well with radius r,_; AP,  is the pressure loss occurring
during the filtration of the fluid towards the borehole of a real-world
well with radius r; h is the reservoir thickness.

,D,e6l/ITbI 3TUX CKBa>KUH.

W13 chopmynbl (3.33) BUOHO, YTO OQHOMY 3HAYEHUIO

KO3 PurLUMEHTa NPOAYKTVBHOCTV COOTBETCTBYET
6ECUMCIIEHHOE MHOXECTBO KOMOUHaLMIM 3HaYeHnn Qi
1 APi, a 3(peKTVBHBIV (MPUBEOEHHbIN) paauyc rnp
NPVBS3aH TOMBKO K KOSMMPULMEHTY NPOAYKTUBHOCTU K
UKTVBHOM CKBaXKMHbI.

Ha ocHoBe aHanmsa dopmyn (3.33), (38.34) n (3.35) n
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corresponding to different influx rate values, Qi. In the
special case where the reservoir drawdown values for the
real-world well and the fictitious well are equal to each other
APKk=APKk(s), see Fig. 3.2 and 3.3), the production flow
rates of these wells will also be equal.

Formula (3.33) makes it clear that the values of Qi and

APi can be combined in an innumerable of ways to
produce the same value of the productivity factor, while the
effective (equivalent) radius, r, , is associated only with the
productivity factor, K, of the fictitious well.

Based on an analysis of formulas (3.33), (3.34), and
(8.35) as well as of Fig. 3.2 and 3.3, we can conclude
that, all other things being equal, a unique value of the
productivity factor corresponds to a unique value of the
effective (equivalent) borehole radius of a fictitious well.

Hence, the following definition for the effective (equivalent)
wellbore radius is proposed:

The effective (equivalent) wellbore radius is the borehole
radius of a hydrodynamically-perfect fictitious well whose
productivity factor is equal to the productivity factor of a
hydrodynamically-imperfect real-world well.

A necessary and sufficient condition for determining

the effective (equivalent) borehole radius, rmp, of a
hydrodynamically-perfect well associated with some real-world
well is, thus, that the values of the productivity factors of the
latter (K's) and the former (K) wells be equal to each other.

The production flow rate of a hydrodynamically-imperfect
(real-world) well from (3.34)

Jf(cp - 27h( Pan— P3[k5))
wInRk/Te

. . kr,p-ZJu’:'
Qk\ = KS AP&(S‘:‘— m AP&{*] =

(3.36)

The productivity factor of a real-world well

_ kcp - 27th

.  (3.37)
‘ u: In Rk/rc

The production flow rate of a hydrodynamically-perfect
fictitious well from (3.35)

k - 27h
wInRk/Fnp

k- 27n(Pnn - P3(k))
w-InRe/rp

O, = K- APk~

(3.39)

The productivity factor of a fictitious well
k-2mh

= (3.39)
uInRk/Fnp
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PRODUCTION M

puc. 3.2 1 3.3 MOXXHO cernaTh BbIBOL, O TOM, YTO Mpw
MPOYNX PaBHbIX YCNOBUSIX, EAMHCTBEHHOMY 3HAYEHNIO
KoaghpyLmeHTa rnpodyKTUBHOCTY COOTBETCTBYET
€MHCTBEHHOE 3Ha4YeHne 3¢heKTHOro (NpuBeaEHHOro)
paguyca hUKTUBHOM CKBaXKVIHbI.

CnepoBatenbHo, onpegeseHue 3HhHEKTUBHOIO
(NMpvBEOEHHOIO) pagnyca CKBaXKMHbI:

OpheKkTnBHbLIN (MPMBELEHHBIN) PaaNyC CKBXKUHbI - 3TO
panuyc ruapoanHaMmn4ecKy COBEPLLEHHOM (OUKTYBHOM
CKBaXXUHbI, KO3(MULMEHT MPpoayKTUBHOCTY KOTOPOW paBeH
KO3GhULNEHTY MPOAYKTUBHOCTY MAPOANHAMUNYECKN
HeCOBEPLLIEHHOV PeaslbHON CKBaXKUHAbI.

PaBeHCTBO KOS(hHULIMEHTOB MPOOYKTUBHOCTU PEasIbHOM
Ks v GUKTUBHOM K CKBaXKWH SIBASIETCS HEOOXOOVIMBIM U
OOCTaTO4HbIM YCIOBMEM 4719 onpeaeneHns 3heKTMBHOMO
(MpvBEQEHHOMO) paguyca r,,, ApOAVHaMHECKN
COBEPLLEHHON CKB2XKMHbI.

LebuT rapoayHaMNYeCKN HECOBEPLLIEHHOW (peasibHOW)
CKBa>KMHbI U3 (3.34)

- 27h( Prn — P3tk5))
u-InRk/Te

k
)J{r,p 27h APk(s) = cp
y InRk/Fe

Q = K5 - APk(s)

(3.36)
KoathpurLMEHT NPOaYyKTUBHOCTY peasibHON CKBaXKMHbI

kcp-2fdi )
u: In Rk/rc

K = (3.37)

LebuT rmapoanHaMnYecki COBEPLLIEHHON (OUKTUBHON
CKB2XXMHbI 13 (3.35)

k - 27
- InRk/Vnp

O, - K-APk - =k-2m(PnnTP3(k;)_
e InRic/Fnp
(3.38)
KoahpurLMEHT NpOayKTUBHOCTU (DVIKTUBHOW CKBaXKMHbI
Ko k2 gg
u-InRk/Fnp

[Mpwn paBeHCTBE KOSMPULMEHTOB MPOOYKTUBHOCTU
peasibHOM 1 (OUKTUBHOWM CKBaXKUH, UMEEM

kep - 27h B k- 27h
wInRk/ve  p-InRi/rnp

(3.40)

/13 (3.40) nonyunm hopmyny ons onpeneneHns
3PPEKTVBHOrO (MPMBEAEHHOO) paauyca r, | CKBaKMHbI

Vnp = I’C%CCP/RA'ACP

www.rogtecmagazine.com

(3.41)

The productivity factors of the real-world and fictitious wells
being equal, we have

k- 2mh
w-In Rk/Fnp ’

kep - 27 a
u-InRi/re

(3.40)

(3.40) gives us a formula for determining the effective
(equivalent) wellbore radius, r.,

Vnp = I’C%CP/RA'%C‘D )

The average value of the permeability factor, kcp, is
determined using formula (3.16).

(3.41)

(8.41) makes it clear that the value of the equivalent
borehole radius, r, , of a fictitious well depends on the ratio
between the radius of the borehole of the real-world-well
and the radius of the external reservoir boundary appearing
in the exponent part of an exponential function. When the
permeability factors of the external reservoir boundary of a
real and a fictitious well are equal (i.e. in the absence of a
skin zone, k=kcp) their radii will also be equal.

Epilogue From the Author

The multifaceted science of subsurface hydrodynamics,
which embraces the laws of Newton’s mechanics and
quantum mechanics [9], cannot be logically completed, it
can only be cut off for a while.

The problems that have been considered in my works

are related to the fundamental tenets of subsurface
hydrodynamics. The historical errors and misconceptions
that are present in the formulas for determining the
pressure loss AP, during the filtration of wellbore fluid

in the near-wellbore space, the values of the skin factor,
§, productivity factor, K, bottom-hole pressure, P,
dynamic level of wellbore fluid, ha, current influx rate,
Qoic, potential production flow rate, Qnom, and effective
(equivalent) wellbore radius, I all stem from one and
the same chain of errors. The negative consequences
of these errors and delusions have been reflected in the
theory and practice of the fundamentals of hydrodynamic
well testing (GDIS), geophysical well logging (GIS), and
mud logging (TIS), but something we can really describe
as a disastrous effect is the fact that, since the second
half of the last century, these formulas have been
included in all textbooks, teaching aids, and study
guides of universities, colleges, and postgraduate
training courses specializing in the subject-matter
without any derivations or proofs whatsoever.

What is extremely surprising is that some of the leading
ideologists of wellbore hydrodynamics research such

ROGTEC
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CpenHee 3HadeHme KoahduLveHTa NpoHULIaeMocTy kep
onpenenstoT no dopmyne (3.16).

V13 (3.41) BUOHO, YTO 3HAYEHVE NMPWUBEOEHHOIO paauyca
r,,, PVIKTVBHOM CKBa>K/HbI 3aBMCHT OT COOTHOLLIEHNS
PaanyCcoB peanbHOM CKBabKMHBI U KOHTYpa NMuTaHns

B CTEMNeHHOM 3aBMCMMOCTW. [pu paBeHcTBe

KO3 DNLMEHTOB MPOHMLIAEMOCTU KOHTYPA MNTAHNS
peanibHOM 1 OUKTUBHOWM CKBaXKMH (T.€. MpW OTCYTCTBUN
CKVH - 30Hbl, k=Kkcp) paanyCbl STVX CKBaXKUH PaBHI.

lNocnecrnoBue ot aBTopa

MHororpaHHas Hayka 0 Noa3eMHON rapoaMHaMVIKK,
OXBaTbIBAKOLLIAS 3aKOHOB MEXaHWKI HBIOTOHA 11 KBAHTOBOW
MexaH1KK [9] He MOXKET ObITb TOTMYHO 3aBepLLEHa, ee
MO>XHO NMLLIb Ha Bpemsi 06opBaTh.

[MpobnemMbl, KOTOPbIE paccMaTpPUBaIUCh B MOUX
paboTax, OTHOCATCH 6a30BbIM MOIOXKEHUSM

NoA3EMHON MMAOPOAMHAMVKML. VICTopUYeckmne oLMBKn

1 3ab1y>KOeHWs, AOMYyLLEHHbIE B (hopmMynax ans
onpefeseHns Notepu fasneHns AP_npw puistpaumm
CKBaKMHHOWM XNOKOCTU B OKOJTOCKBAXKMHHOM
NPOCTPaHCTBE, 3HAaYeHWs CKUH-hakTopa S,
KoadhduumeHTa NpoayKTUBHOCTK K 11 3aB0MHOM0

P, 0aBNeHVs, AMHAMNYECKOrO YPOBHS CKBEXKUHHOM
XKNOKOCTW had, TEKYLLErO NPUTOKA Q#C, MOTEHLIMATBHOIO
neduta Qnom 1 3hHEKTVBHOMO (MPVBEOEHHOIO) paanyca
r,,, CKB&>K1HbI — D3y IbTaTb OLIMBOK OOHOM LIEMOYKM.
HeraTunBHble NOCNEOCTBUSA STUX OLLUMOOK 1 3a01y>KAEHIN
HaLLIN OTPaXKEHVS B TEOPUN U MPAKTUKE OCHOBHbIX
nonoxerun 'AONVIC, TUC n TVIC, Ho riaBHble ryouTesibsHbIe
MOC/IEACTBUS B TOM, YTO CO BTOPOWU MOI0BVIHbI MPOLLISIONO
CTOIETUSI 3TU (hOPMYJIbI 6E3 BEIBOLOB U [JOKA3aTE/IbCTB
Obl/I BKITKOHEHBI BO BCE YyHEOHUKY, yHEOHbIE MOCOBUST U
METOAMHECKIE PYKOBOACTBA COOTBETCTBYIOLLIErO MPOin/Ist
BY30B 1 KYPCOB MOBbILLIEHVSI KBA/TNGOUKALI.

KpaiHee yayBneHne Bbi3blBaeT TOT (haKT, YTO BedyLLme
NOeonor rMAPOANHAMNYECKMX UCCNEO0BAaHNN CKBaXKMH
VinaTtos A.W., KpemeHeukun M., Tynaes O.H. [7]
cuuTatoT hopmynbl V. Everdingen A. F. & Hurst N.,

1949 (1*) n Hawkins M.F., 1956 (2*), cocTaBneHHble C
HapyLEHAMM 3aKOHOB MOA3EMHOV TMAPOLANHAMNKM

N BKIKOYaOLLME rpybble MaTeMaTUHECKNE OLLMOKM
KJ1laCCUKOM 1 6a30BbIMK nonoxxkeHuamn ANC.

®opmynel (1%) 1 (2%) mns onpenenenns APs, S, v (3.2),

(3.2, (3.3) 1 (3.3 onsa pacueTa TekylLero aeduta Qc, 1
3(PhEKTNBHOIO (MPUBEOEHHOMO) paauyca r., (X*) CKBaXKMHBI
He npurogHbI 4151 pacyeTa ykasaHHbIX 6a30BbIX
rviBpOANHaMNHYECKUX NMapamMeTpOB PeasibHOV CKBaXKUHBbI
C 30HaJIbHO-HEO[HOPOAHOM MPOHULIAEMOCTbIO r/1acTa

M [OIDKHbBI BbITb UCKITFOYEHb! N3 YHEOHNKOB U y4eOHbIX
rnocooéui Nog3emMHoN rMapoaNHaMuKN.
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as A. |. Ipatov, M. I. Kremenetsky, and D. N. Gulyayev

[7] consider the formulas in A. F. van Everdingen & N.
Hurst, 1949 (1*) and M. F. Hawkins, 1956 (2 *), which
were composed contrary to the laws of subsurface
hydrodynamics and contain gross mathematical errors,
to be the classics and to represent fundamental tenets of
well testing.

Formulas (1 *) and (2 *) used for determining APs and S
as well as formulas (3.2), (3.2%), (3.3), and (3.3 *) used
for calculating Qatc and the effective (equivalent) wellbore
radius, I (x ™), are not suitable for calculating the said
fundamental hydrodynamic parameters of a real-world
well characterized by heterogeneous permeability
distribution across the reservoir zones and should

be removed from textbooks and teaching aids in
subsurface hydrodynamics.

The fundamental dependences between the
hydrodynamic parameters of the “Reservoir — Well —
Pumping Equipment” system should be used to quantify
and fully analyze the state of the reservoir, as well as

for purposes of hydrodynamic well testing (GDIS),
geophysical well logging (GIS), mud logging (TIS),

and comprehensive technological and hydrodynamic
feasibility assessments for software development
projects to support innovative process design solutions
for oil and gas field development.

As a branch or science, subsurface hydrodynamics is

far from perfect and, by the end of the 1950s, it had
almost completely exhausted its potential. Since that
time, no fundamental theories have been created, and
the conceptual developments that took shape along the
main avenues of application have indeed gone the wrong
way. Modern subsurface hydrodynamics is ailing from the
inside out. The main causes of that ailment, as well as

its tenacity and persistence, are a profound stagnation in
scientific ideas combined with a dogmatic approach to
formulating and solving fundamental scientific problems
aggravated by the conservatism of scientific thought.
Whatever research work was conducted in the field of
subsurface hydrodynamics since that time up until the
present day can be reduced to the development of semi-
empirical theories whose sole purpose was to tweak

the mathematical apparatus to reality and which, as all
erroneous concepts, had but preparatory value if any.

Some yet-unanswered questions of hydrodynamics
A producing reservoir is exposed to a multitude of
changing geophysical fields (multi-fields): geomechanical,
hydrodynamic, geomagnetic, electrodynamic,
geothermodynamic, gravitational, undulatory, optical, as
well as their derivatives. The values of the parameters of
these geophysical fields are fully interlinked with all the
hydrodynamic parameters of the reservoir and depend on
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®yHOoamMeHTasbHble 3aBMCYMOCTY TUAPOANHAMUYECKIMX
napameTPOB CUCTEMbI «[1/1aCT-CKBaXKMHA - HACOCHOE
obopynoBaHme» [9] 00/KHbI BbITb NCMOb30BaHb! 415
NpOBeAeHNSt KOJIMYECTBEHHOWM OLIEHKM 1 MOJSIHOrO aHam3a
COCTOSIHMS M1acTa, reOU3NHECKIX, TMOPOANHAMUYECKIX
1 TexHonorndecknx nccnegosanuin (TG, FAVIC n TVIC),

N BCECTOPOHHErO 060CHOBaHMS TEXHOTOMMHECKNX 1
MOpoAVHaMNYECKMX MapaMETPOB NpK paspaboTke
NpPOrpaMMHOro 0becnedeHns oS MHHOBALWIOHHOMO
MPOEKTUPOBAHNS MPOLIECCOB Pa3padboTKn HedTerasoBbIX
MECTOPOXOEHNI.

Hayka 0 mogsemMHon rvapoauHaMmnk/A ganexka ot
COBEPLLEHCTBA U K KOHLLY 50-X rogoB NpakTU4eckm
MOJIHOCTbIO McHepnana CBOW MoTeHLUWan 1 He

co3gana H1 0gHOW hyHOamMeHTanbHOM Teopuu, bonee
TOro, chopmMmpoBaiach OLLMBOYHAS KOHLEMLMS MO
6a30BbIM HanpaBeHnsM. CoBpeMeHHast noa3emMHas
rmaopoavHamMuka 6osbHa 3HyTPU. OCHOBHbIE

NPUYHBI 6ONE3HN, €€ XKUBYYECTU U YCTONYMBOCTU

— ryBOKMM 3aCTON HayYHbIX UOEN B COYETAHUN C
[0orMaTUYECKM NOAXOAOM K (hOPMUPOBAHNIO U PELLEHMIO
byHOaMEeHTasIbHbIX Hay4YHbIX NPOBNEM, 1N KOHCEPBATU3MOM
Hay4HOro MblilNeHvs. ViccnenoBaTtensckue paboTsl B
0bnacT NOA3EMHON MMAPOAVNHAMUKIM C TEX BPEMEH

1 MO HACTOSILLIEE BPEMS CBE/INCH K pas3paboTke
MOJTYSMMUPUHECKMX MOArOHOYHBIX TEOPUIA, MEHOLLMX
npeaBapUTENbHbIN XapakTep OLLNOOYHBLIX KOHLEMLMN.

Bonpocei nog3emMHoV rugpoanHaMuKn, Ha KOTopble
roka HeT OTBEeTOB

MPOoayKTVBHBIN NAacT HAXOAUTCS Mo, ANHAMUHECKMM
BO3OENCTBYEM MHOXECTB re0UsNHECKMX (MyI5TI) MONEN:
FEOMEXaHNYECKOrO, MaPOOMHAMUYECKOrO, FEOMarHUTHOrO,
3MIEKTPOANHAMUHECKOTO, re0TEPMOMHAMNYECKOIO,
rpPaBUTaLOHHOMO, BOSIHOBOIO, OMNTUYECKOrO U X
MPOM3BOOHBIX. 3HAYEHVS MaPaMETPOB STUX FEODUSNHECKNX
MONEN HaXOOSTCS B MOMHOM B3aMMOCBSA3M CO BCEMU
MAPOANHAMNYECKMI NMapameTpamMim niacTa 1 3aBucsT

OT MPOCTPAHCTBEHHOW HEOAHOPOAHOCTV U BPEMEHHOM
N3MEHYMBOCTU COCTOSHISI BCEM CUCTEMBI [9].

CriegyroLyme nosiIoXKeHus Nog3eMHON rgpoanHaMyKm
TpebyoT OTBETOB:
- yCTaHOBJ/IEHYIE 3aKOHOB (OuIbTpaLMs 1/1aCTOBOM
JKVAKOCTY 1104 BO3LEVCTBUEM reOpUINYECKIX
MYJI6TU 101EH;
- YCTaHOB/IEHNE BIINSIHNST FeODU3NHECKIUX MYSIbTY 0oemn
Ha peosiorn4eckme napameTpbl MnaacToBOV XULKOCTY;
- yCTaHOBJ/IEHVE B3aMOCBSI3U 1/1aCTOBOW rpaByTaLmm
C 3/1EKTPOMAarHATHOM Y rapPOANHAMNYECKUMU MOSSIMU
nnacra;
- yCTaHOBJ/IEHNE B3anNMOCBSI3Y NapamMeTpOoB
BCEX reobn3nyHecKmx (MysibTu) rnosier co Bcemm
ryapoRMHaMUYeCKUMM rnapameTpamy rnaacta u nx
3HaYEHUSIMU;
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the spatial heterogeneity and temporal variability of the state

of the entire system [9].

The following tenets of subsurface hydrodynamics require

answers:

- determination of interrelation between all of the
specified parameters and their values;

- filtration of formation fluid under the action of multi-fields;
- effect of those fields on its rheological properties;

- interrelation of the formation gravity and the magnetic
field of a formation;

- increment of formation entropy in the process of field
development.

All of these questions asked by the nature itself can only
be answered within the framework of the laws of quantum
mechanics.

Besides, certain experiments on turbulent fluid flows
conducted by I. Nikuradze have shown that there

are inconsistencies between the experimental data
gathered and theoretical predictions made about the
viscous sublayer of the boundary zone. To eliminate the
inconsistencies, the paper introduced several empirical
constants such as the “kinetic energy defect,” “total head
defect,” and “velocity defect.” These “defects” can be
remedied within the framework of quantum mechanics.

It should be noted that all classical conservation laws have
quantum analogues, and conversely, there are quantum
conservation laws that have no analogues in classical
physics.

All scientific and technological advances are made

possible by fundamental ideas and discoveries that form
their vanguard. Any errors and delusions that slip into the
fundamental and pivotal branches of science always lead
to dead ends and translate into enormous costs incurred
throughout the implementation process, from the initial idea
to the final production runs.

The author will appreciate reasonable and well-
substantiated comments and suggestions affecting the
structure and content of the final formulas and clarifying
the definitions.
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- yCTaHOBJ/IEHNE ANHAMVIKV (BO3pAaCTaHMS) SHTPOMN
naacra B rnpouecce pas3paboTKy MECTOPOXLEHMSI.

Ha Bce a1y BONpPOCHI, 3aAaHHbIe MPUPOL[ON MOXXHO
M0/1y4NTH OTBETHI TOJILKO B paMKax 3aKOHOB KBaHTOBOV
MexaHVIKU.

Kpome Toro, Ha OCHOBE MPOBEAEHHbIX OMbITOB

UN. Hukypapgse Hap TypOyneHTHbIM ABVIKEHEM
>KNOKOCTM YCTaHOBNEHA HECOOTBETCTBME Pe3ybTaToB
9KCNEPUMEHTASIBHBIX AaHHbIX TEOPETUHECKUM B 061aCTH
BSI3KOIr0 MOAC/0S MOrPaHNYHOM 30HbI. [N ycTpaHeHus
HECOOTBETCTBWS BBEAEHbBI SMMUPUYECKNE KOHCTaHTbI,
KaK «JeeKT KMHETUHECKON SHEPI N>, «AEEKT
MOJIHOrO Haropa» N «4eeKkT CKOPOCTH». DTN AedeKTbI
MOTYT ObITb YCTPAHEHbI B PaMKaX U3NKN HENMHENHbBIX
MPOLIECCOB M KBAHTOBOW MexaHKu. CneoyeT OTMETUTb,
YTO BCE KJ/TaCCUYECKUNE 3aKOHbI COXPaHEHUs1 UMET
KBaHTOBbIV aHaslor, 1 06paTtHO, eCTb KBAHTOBbIE 3aKOHbI
CcoxpaHeHusi, He UMerLLMEe aHaslora B KiacCu4eckom
¢usuke.

Brnepeaun Hay4HO-TEXHUHECKOrO Nporpecca Bceraa nayT
dhyHOameHTanbHble MAen 1 OTKPbITUS. JTtobble OLLINGOKIM
1 3a01y>KAeHNS, AOMyLLEHHbIE B (DyHOAMEHTaIbHbIX

1 6a30BbIX OTPACAX HAYKM MPUBOOST B TYMUK,
0bopaqMBatOTCH KOSTOCCATbHLIMU U3OEPXKKaMU B
MPOLECCE peansaLiim, HaumHas OT UOen 1 3aBepLuas
TEXHOJIOTNHECKVMI LINKIIAMU.

ABTOD BbIpasuT Npu3HaTesIbHOCTb 3@ 060CHOBAHHbIE
1, aPryMEHTUPOBaHHbIe 3aMeYaHus 1 NPEa/TOXeHUS,
B/IMISIOLLME Ha CTPYKTYPY M COAEPXKaHNE KOHEYHbIX
GhOPMYJ1 11 [0 YTOUHEHUIO OrpPeaeIeHNIA.
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HaYKOEMKMM TEXHOOTNSM.

Haqub/e WNHTEPECHI. KBAHTOBAA reoMexaHnka,
noasemHasi rmapoanHaMmnKa, rmapaBavka, HelMHenHas
MMOPOaKyCTUKa, TEXHUKA U TEXHONOrs BypeHns,
rmapoMexaHmka gobbiun HedTh, HedbTeXMNS, MeauLMHa
- ( 8 NMaTeHTOB Ha U306pPeTEHNS), pas3paboTKka 1 co3aaHne
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