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1. CknH-30Ha [rC,RS] n ee KOapdnLIMEHT
MPOHMLIAEMOCTH k .

OKOMOCKBaXKMHHOE MPOCTPAHCTBO NPOOYKTUBHOIO
niacTta — ocobasi BbICOKOaKTUBHASA U
3HeproanHamMmnyecKmn HectabuabHas 3oHa. B npouecce
NMepBUYHOrO BCKPbITUSA NMPOAYKTUBHOIO roprU3oHTa
OypeHneMm, 3aKaH4nMBaHs CKBaKHbI (BTOPUYHOIO
BCKPbITUS) U ee aKCryaTauuy HapyLLaeTcsa NpupoaHoe
3HEPrOMEXaHNYECKOE paBHOBECKE NNacTa, U B
OKOJTOCKBaXKMHHOM MPOCTPaHCTBE MPOUCXOOAT
PU3NKO-MEXAHNYECKME U TMOPOTEPMOOVHAMNYECKME
M3MEHEHMS1 CBOMCTBA W XapakKTEePUCTUKM NMOpOAabl,
MAacTOBOW XXUAKOCTU, 1 COBEPLIAKTCS PU3MKO-
XUMUNYECKNE, XUMUNKO-DNONOrnYecKme npespaLleHns,
B T. 4. oTnoxeHue ACIO, obpasoBaHue rmapaTos,
pazbyxaHune rNHUCTBIX MUHEPAIOB 1 pa3pyLUeHne
KOJIIEKTOPA, MVKPOBMONOrMyeckas 1 razoBas
610KMpOBKa NpUTOKAa. [MPONCXOaNT HapyLLEHNE
3MEKTPOMArHUTOAVHAMNYECKOIO PaBHOBECKS

njacTa v B CBSI3M C 9TUM B Kanunnspax 1 TpeLLyHax
NMPUCTEHHOW 30HbI CKBaXKUHbI 06pasytotcea (o 40
k[>K/MONb) yaoep xvBatoLLme BOOOPOOHbIE CBS3MU

B YIr/1€BOOOPOAHbBIX CUCTEMAX W MPONCXOONT
nepepacnpeneneHne aHeprn cBA3n, onpeaensemomn
cunammn BaH-gep-Baanbca. Bce 5T TexHonornyeckme
MPOLECCHI U JaNeKo HE MOIHOCTLIO YKa3aHHbIE
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1. Skin zone [rC,RS] and its permeability factor k‘y .

The area near the wellbore of an oil and gas formation is

a very active and unstable zone. During the process of
drilling the first well into the payzone, well completion, and
the operations that take place during this process, the
natural energy- and mechanical equilibrium of the formation
is upset. The near-wellbore area goes through physio-
mechanical and hydro-thermodynamic changes of the rock
property and characteristic, changes of the formation fluid,
and physiochemical, chemical-biological transformation
take place, including deposits of asphalt, resin and paraffin,
hydrate build-up, swelling of clayeous minerals and reservoir
breakdown, as well as microbiological and gas blockage of
the inflow. The electromagnetic equilibrium of the formation
is upset, and, because of this, hydrogen bonds are formed
within the hydrocarbon systems (up to 40 kd/mol). These
form in the capillaries and fractures of the near-wall area of
the wellbore, and the bond energy - determined by van der
Waals forces - is redistributed. All of these factors, and many
more which have not been mentioned here, considerably
upset the permeability and porosity of the near-welloore area,
forming the non-uniform permeable and porous skin zone and
lead to reduced flowrate to the welloore.

The permeability factor ks of the skin zone (see Fig. 1) in
the interval [r, RS] continuously decreases from the outer
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haKTopbI CYLLIECTBEHHO HapYLLIAKOT NMPOHNLIAEMOCTb 1
NOPUCTOCTb OKITOCKBaXKNHHOMO MPOCTPaHCTBa, 06pasys,
Tak HasblBaeMyto, HEOAHOPOAHYHO MO MPOHNLIAEMOCTH

W MOPUCTOCTU CKMH-30HY W MPUBOASAT KPATHOMY
CHKEHWIO MPUTOKA XXNOKOCTU B CKBAXKMHY.

KosthhmumeHT NpoH1LIaeMOCT ks CKMH-30HbI (CM. purC. 1)
Ha UHTepBasie [rc, RS] HEMNPEPbIBHO YXyOLLIAeTCcs No
HEKOTOPOM (DYHKLMM, CHIDKAETCH OT BHELLHEMO KOHTYPA
CKMH-30HbI RS K BHYTPEHHEMY KOHTYPY - CTEHKE CKB2XKMHbI
r. Ha BHeLLHEM KOHTYpe Rs 3Ha4YeHVe KoadhduLmeHTa
MPOHULIAEMOCTU PABHO 3HAYEHNIO KO3 dDULIMEHTA
©CTEeCTBEHHON NPOHNLIAEMOCTY k NacTa, ay CTEHKN
CKB&XKU1HbI, FAE ¥, — MUHAMAIBHOMY 3HAYEHMIO ks, T.e.

k €lk ., k]. O4eBnaHO, KO3DMOULMEHT MPOHMLIAEMOCTM
ks BbID2XXAET yCPeOHEHHOE 3HaYeHe HEOOHOPOAHOM MO
MPOHMLIAEMOCTY CKH-30HB! 1, RS].

YpaBHeHMEe NPUTOKA XUAKOCTN B MHTEPBaUIe KOHTYpa
muTaHns [R , R, ] ¢ KOS(MULIMEHTOM MPOHNLIAEMOCTI k
07151 MaeanbHOW CKBaXKHbI NPeacTaBiM B BUAE OpMy bl
Lronton

k2nn(B,, - Py )
T In(Ryc/R,)

roe PRY — OaBfeHve nracTa Ha KOHType Ry.

’ (1.1)

YpaBHeHVe NPUTOKA OJ151 CKUH-30HbI [rc, RS] BbIPa3nM
yepes cpeaHee 3HadeHne KoahdrUMeHTa NPOHULIAEMOCTM
kvcp. [PV 3TOM CKWH-30HY PACCMOTPUM Kak OOHOPOOHYHO
30HY V1 3aMVILLIEM YPaBHEHME NMPUTOKA

k27h(Pp =P )

/
7 ln(RS /r, )

QS =
(1.2)

roe P, . —3aboliHoe JaBneHue npv HaMYnmM CKUH-30HbI.

3(ks)

3 paBeHcTBa npuTtokos O n Qs W, NpVPaBH1Bas Npasble
vyactu (1.1) n (1.2), sanuiiem

kScpZIdi(PRS -P
u ln(RS rC)

a(ks)

?

k27h(B,, - Pg,)
#In(Ryc /R ) a
nanee noayyrm
. k(PM S)_(PRS_Ps(kS)) (1.3)
sP="In(R.7R) "~ (R 1)

MoTepw NIacTOBOro JaBSEHWSt B UHTEpBaUie KOHTYpa
MUTaHNA COCTaBUT

=

Q- u
27 hk

‘In—K .

Frpn—Pgpg= (1.4)

X
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boundary of the skin zone R to the inner boundary - the
wellbore wall . At the outer boundary, R the value of

the permeablllty factor equals the value of the natural
permeability factor k of the reservoir, and at the welloore
wall, where r_is the minimum value, & , ie. k €k . k. It
appears that the permeability factor k3 expresses the average
value of the non-uniform permeable skin zone [r, RS].

Let’s present the equation of the fluid flow in the interval of
the external reservoir boundary [Rs, Rk] with permeability
factor k for an ideal well in the form of the Dupuit formula

k2h(P,, - Py )
- uIn(Rye /R ) ’ (1.1)

where PRX is the reservoir pressure at the boundary RS.

Let’s express the flow equation for the skin zone [rc, Rs]
through the average value of the permeability factor kscp.
In this case, let’s consider the skin zone as homogeneous,
and write down the flow equation

kgen2h(Py ~P . )

05 - uln(R_/r.) (12

where Pj,(ks)

the skin zone.

is the bottomhole pressure in the presence of

From the flow equality Q and Q. and, equating the right
hand sides (1.1) and (1.2), let’s write down

k27h(By, — Pgy) K2 Pre =P i)
#In(Ryc /R ) a uln(R_/r.)
then we obtain
P, -P
GVt I (S UNE

sP (R _/R) "~ W(RIr,)

The reservoir pressure losses in the interval of the external
reservoir boundary will be
P Q ju RK

P,,- .
nTIRs S 2mhk Ry

(1.4)

The pressure drop in the skin zone will be

Qp ks (1.5

Prs ~Fak9) " 20 hi,

Inserting the values (1.4) and (1.5) in (1.3), we obtain

R

o B ou | B

Mk R Qthk r.

P =Tn®_TR) - TR.IT)

(1.6)
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MapeHvie JaBNEeHNS B CKUH-30HE COCTaBUT

- Q- &
ERE SRR
(1.5)8

MNoocTtaenss sHadeHws (1.4) n (1 .3), Mony4nMm

B ou | R
2ank Ry 27k, T,
(R /1)

(1.6)

kycp= In(R _/R)

Mocne npeobpasosarua sammiuem: kK cp = k.

BbiBog: KoahduupeHT npoH1uaemMocTu ks BblparkaeT
cpeaHee 3HaveHme KoahPULMEHTa NPOHNLLIAEMOCTM kscp
CKVH-30HB! [, RS] (cm. puc. 1).

YxyOLIeHne MpoHNLAEMOCTU B MOUCTEHHOMN 30HE
CKBaDKVHbI MOXXHO O6BSICHUTL MHOrOO6pasnem
BbILLIENEPEUMCIEHHbBIX MPOLIECCOB U (hakTOPOB, BANSIOLLINX
Hal MPOHMLIAEMOCTb U MOPUCTOCTb OKOSTOCKBAXKMHHOMO
MPOCTPAHCTBA, B T.4. 06Pa30BaHNEM KOSTbMaTaLIOHHOMO
€101 BOKPYI CTEHKW CKBaXKMHbI B MPOLLECCE BbINOSHEHS
TEXHOJIOMMHECKIMX orepaLyi.

Lns oncaHnsa kosrumeHTa NPOHULIAEMOCTU CKUH-
30HbI, B MEPBOM MPUOIIVIKEHWN, MOXKHO MPUHSTH
KBaApaTUYHYKO (OYHKLNO

2
ks =b-a(r-Ky)~,

rae a n b — KOsOULUMEHTbI KBaOAPaTUHHOW YHKLIMN,
3aBUCSLLME OT NAPaMETPOB CUCTeM, (a 1 b >0).

(1.7)

k
r Kk k
kSRs > *
kscp - Aks
kr v
/ > I
rc RS RK

KpuBasa n3amMeHeHns kosdduumeHTa
MPOHNLAEMOCTH k CKWH-30Hb!

Ak kR -k

r, R k=f(r)

Tak Kak JeBUT CKBKMHbI MPOMOPLIMOHAUTIEH MPaaneHTy
pasnerva dP/dr, sannwem

_k2mh gp
= = wm
u dr

MNoocTtaBum 13 (1.7) 3HadeHne ks B ypaBHeHue (1.8) n
MPOVHTErPUPYEM:

Qu  dr
k2 r (19
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After the conversion, let’s write down: kscp = kS

Conclusion: The permeability factor ks expresses the
average value of the permeability factor of the kscp skin
zone [r, R ] (see Fig. 1).

The impairment of permeability in the near-wall area of the
wellbore may be explained with the multitude of the above-
mentioned processes and factors affecting the permeability
and porosity of the near-wellbore area, including the
formation of the incrustation layer around the wellbore wall
during the process operations.

To describe the skin zone permeability factor, at a first
approximation, a quadratic function may be assumed

—b—a(r—R.)2 :
ko =b-a(r-Ry)*", (1.7

where a and b are the quadratic function factors depending
on the system parameters, (a and b >0).

k
vk k
ksRs > +
k.o - - Ak,
kr v
{ > I
rc RS RK

Curve of the permeability factor ks of the skin zone

AkS= kSRS : kS rC

r, R, k=f(r)

Since the production rate of the well is proportional to the
pressure gradient dP/dr, let’s write down

or dP= Qu_.dr

- =3 k2 —.o09

Let’s insert from (1.7) the value kx in the equation (1.8) and
integrate:

P()= b j

where P(r) is the bottomhole pressure.
Then

Ou r_
P(r)_z”h b- aRS lnj”c
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r
P()= 28 [ . 7 )
crlb-a(r-Rq)”]
roe P( rc)- 3ab0iHOoe JaBneHve.
Torga
Qu| 1 r
P(r)y=="- In— -
27h b—aRsz Te
-1 mr_RS \F 1 r_RSh"I +P(ry).
Vb(V/b +aRy)

vb(vb-a b
S {_ 2Jb (b - &) r'RSWa

Tak kak npu r= R _[nasreHvie nnacta Ha KoHType R
AOIDKHO GbITb P(R ) TOrna

_ou n s 4 p(ry).

1 (1.9
P(R9) = 21 b-aR? c

V13 aByx nocnegHnx paBeHCTB Nostydaem hopmyny ans
pacyeTa JaBneHVs B CKUH-30HE MPOAYKTMBHOIO naacTa

Qu| 1 Rq
P(r)= ( Rs) " 2nh P aR2 In—=
b
N = T 2
Nb(JEmRS) R b "2V (b - aRS) _wa,y,
. st g

1 13 (1.9) MOXXHO onpeaennTb AEOUT XXMOKOCTA C
YHETOM KBaApaTUYHOM 3aBMCUMOCTIN (OYHKUMM ks =f(r).

27hP ~ P(r.))(b-aR2)

0= ,uln(RSfrC)

2. CKuH-30Ha. B3anmocsasb me)xay OCHOBHbIMU
rmopoouHaMmM4yecKUMm napameTpamm rsiacrta mn
CKB@)KMHbI

Mpvmedare: CKyH-30Ha BAVSIET Ha BCE
TULPOAVHAMNHECKIE MapaMETPb! 1aCTa M CKBaKUHBI.

B cBs31 ¢ 3TVIM B JaHHOM pa3fae/ie PaceMaTpuBasTCs]
B3alIMOCBS13b OCHOBHbIX MA00ANHaMUNHYECKX rapameTpoBs,
OTHOCSILLIXCS] CKUH-30HE [I” RS].

2.1. BsaumocBsasb mexxgy koadbdpmumeHTamm
NPOAYKTUBHOCTU PeasibHON CKBaXKMHbI K 1
MPOHNLLIAEMOCTM k CKMUH-30HbI

[edbnt peanbHOM CKBaXKWHBI BbIPA3VM HYepE3 cpeaHee
3HaYeHME KOMMULIMEHTA MPOHNLAEMOCTN kscp. Mpu
3TOM CKMH-30HY paccMaTpVBaeM Kak OOHOPOOHYHO 30HY C
KO3 MHULMEHTOM NPOHMULIAEMOCTU ks (1.6).

kg27h| P, (2.1)

)

yln(RSer)

Qs=
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1 r=R- \'I 1 r-RS".'\lla
- e In r—
2Jb(Jb +aR,) S {_ 2Vb(\b - a&) _stz

+ P(r,).

Asatr= R the reservoir pressure at the boundary R must
be R then

- Qu & epey). (9

1
P(R9) = 21 b-aR? Tc

From the two last equalities we obtain a formula for calculating
the pressure in the skin zone of the pay formation

Qu| 1 Rq
P(r)= ( RS) "2k P aR2 In—=
b
ST -
24b( b+aRS) R - b " 2Jb(Vb - aRy) rc_st{E

or, from (1.9), we can determine the fluid production rate
adjusted for the quadratic relationship of the function

k.= f(r).

2THE - P(r,))(b-aR2)
,uln(RSfrC)

0=

2. Skin zone. Relationship between the key
hydrodynamic parameters of the formation and
the well

Note: The skin zone affects all hydrodynamic parameters
of the formation and the well. Due to that, in this section
we describe the interrelationship between the key
hydrodynamic parameters related to the skin zone [r_, Rs].

2.1. Interrelationship between the productivity
factors of the real well K and the permeability k
of the skin zone

Let’s express the production rate of the real well through
the average value of the permeability factor kscp. In this
case, we consider the skin zone as a uniform zone with the
permeability factor k_(1.6).

kg27h| P, @1

)
yln(R_s.er)

The production rate of the ideal well (the formula symbols
are shown in Fig. 2)

Qs=

0 k?ﬁh[PRS—PSk (2.2)
~ uln(Rg/rg)
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LebuT naeanbHOM CKBaXKMHbI ( 0603Ha4YeHUS hopMy bl
yKasaHbl Ha puc. 2)

_ 2.2
k%h[PRS PS(k] (2.2)

gzhl(Rs frs)

Q=

[Mpr 3TOM KO3 MULIMEHT NPOOYKTUBHOCTU KS peanbHOM
CKB2XXMHbI COCTaBUT

o __ k2

§ =ﬂln(RSer) 3

KoathdmumeHT npoaykteHocT K noeanbHON CKBaXKHbI

__Rah
ﬂln(RSfrs)
PazpgenvB (2.3) Ha (2.4), nosyyuim
£= kg2mh _,uln(RSer)
K uln(Rg/rg)  k2mh
Ortctoga
Ks_ks
K"k @9

V13 (2.5) cnegyet, 4to 3HadeHme koadhdrLmeHTa
NMPOOYKTUBHOCTU PEaTbHON CKBaKUHbI Ks npsIMO
MPOMOPLINOHANTBHO  3HAYEHIO KOadhdrLmeHTa
MPOHULIZEMOCTI kS CKIH-30HbI, & OTHOCUTESTbHbIE VX
BE/MHMHbI PaBHbI MEXOy COBON.

2.2. Bzanmocsssb mexxay nebutom

peanbHON CKBaXXWHbI Q1 KoadhdbuumeHTom
MPOHNLLAeMOCTH k_ CKWUH-30Hbl. P, - const; Boripoc
paccmartpuBaem rpu ,oaBeHCTBe 3a6OMHb/X JaBieHu:

P =P .
3(k) " 3(ks) kSMh PR _P
y 5 B[k.s)
[ebunT peanbHOM CKBaXKMHBI QO =
pIn(Rg /)
k2mh| P, -P.
LebuT npeansHom CKBaXKUHbI RS 3[k]
Q =
yhl[RS / rs)
[Mpw paBeHCTBE 3ab0MHbIX AaBNEHNIA P3(k) = P3(ks) ",

paspewvies Q Ha Q, nosy4nm

Os _ks

0 =% (2.6)
WK C YYETOM (2.5), 3anmLuem
KS — QS — IkS

X 0o & &
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In this case, the productivity factor KS of the real well will be

__ ks27h (2.3)
§ ,uln(RSer)

The productivity factor K of the ideal well

__ K2mh (2.4)
,uln(RS frs)
Having divided (2.3) by (2.4), we obtain
Ky ks2rh  pn(Rg/rg)
K uln(Rg/ry)  k2mh
It follows that
Ks ks o
K k

From (2.5) it appears that the productivity factor value of
the real well KS is directly proportional to the value of the
permeability factor k? of the skin zone, and their relative
values are equal.

2.2. Interrelationship between the production rate
of the real well O and the permeability factor k_of
the skin zone P, - const; We consider the issue when the

bottomhole ,oressures are equal: P, o= =P, (k)

Real rate of production kS 27h PRS - Ps[kg)
Q =
s puIn(Rg /)
Ideal rate of production k2mh PRS N P3[k]
Q =
yln(RS / rs)

When the bottomhole pressures are equal P3(k) P%)
having divided Q_ by Q, we obtain

O5 _k

0 ?S (2.6)

or, with consideration of (2.5), we write down

Ks Qs ks
k

s XS 2.7
X0 (2.7)

The formula (2.7) shows that the productivity factor value of
the real well QS is directly proportional to the values of the
skin zone permeability factors kx and productivity factor KS,
and their relative values are equal.
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OKOJOCKB&XKNHHOE MPOCTPAHCTBO C YXYALLIEHHOW
npoHnuaemocTsio k. nnacta

Near-wellbore area with impaired permeability
ks of the formation

OKOJIOCKBAXKVHHOE MPOCTPAHCTBO C eCTECTBEHHOM
npoHyMLaemocTsto kK nnacTa

Near-wellbore area with natural permeability
k of the formation

A
© | Psk) ¢ A Pks
I
S 8| Psxs)
X O .
| (UL_D_'_
| m—
| x O
| o |
/ﬁ

Cxema ons BbIBOJA OCHOBHbIX 3aBUCHMOCTEN
napameTpOoB MacTa U CKBaxkuHbI: 1- Kpueas
nageHnsa rniacTtoBOoro gaBJsieHUsA npn €CTECTBEHHOMN
nponnuaemocTn k nnacta (k -npoH1LaemMocTb
nnacTta ngeanbHOM CKBaXKMHbI); 2 - KpurBas
nafeHVs NacToBOro AaB/IEHUS B CKUH-CIOe Mpw
npornuaemocTvt K (k- koadhd. npoHmLiaemMocTy
nnacTta peasibHou CKBa>KI/IHbI)

Pkrs - naBnenve nnacra Ha koHType R Pg . 3a60iHoe
[aBfeHe NPy eCTEeCTBEHHOMN I'IpOHI/ILI,aeMOCTI/I k

nnacta; P ks - 3ab0oVHOE JaBieHve Npw yXyaLeHHON

NPOHNLAEMOCTM Ks miacTa (CKMH-30HbI); R pagnyc
CKMH-30HbI; A - MowHocTs nnacta; Rk - pa,u,vlyc
KOHTYpa nutaH1s; APk - MOTEPU NJ1acToOBOro
OaBAeHVs Npy OUAbTPALMA XXUOKOCTU B AEATbHOW
CKBaXXMHE (MpY ECTECTBEHHOW MPOHMLIAEMOCT
nnacra); APk - NOTepW AaBfeHust Npu punbTpaLmm

SKUAKOCTY B CKUH-CII0€ G NPOHULIAEMOCTbIO k; Aps -
roTepn 3a6ONHOIO AaB/IeHVs B peaysibTaTe yxy,qu_|eH|/|9|
MPOHMLAEMOCTV nnacTa ot K Ao ks B CKUH-CJI0€.

®opmyna (2.7) NokaablBaeT, YTO 3HaYeHVe aeduTta
peasbHoON CKBaxKHbI Q MPAMO MPOMOPLVOHaUTBHO
3HAYEHMAM KOIDMMDULIMEHTOB MPOHNLAEMOCTY CKUH-30Hb!
ks W NPOAYKTUBHOCTY K, @ OTHOCKTESbHBIE X BEYVHbI
paBHbI Mexay COOO0W.
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Diagram for deriving the key relationships
between the formation and well parameters: 1 -
the curve of reservoir pressure decline at natural
permeability k of the formation (k - formation
permeability of the ideal well); 2 - the curve of reservoir
pressure decline in the skin layer at permeability
k\, (kg - permeability factor of the real well formation);

Pks - reservoir pressure at the boundary R; P,
bottomhole pressure at natural permeablhty Kk of the
formation; P - bottomhole pressure at impaired
permeability ks 'of the formation (of the skin zone);
R_ - skin zone radius; & - formation thickness; Rk -
external reservoir boundary radius; A Pk - reservoir
pressure losses when the fluid is filtered in the ideal
well (at natural permeability of the formation); APk
- pressure losses when the fluid is filtered in the skm
layer with permeability ks, Aps bottomhole pressure
losses as a result of impairment of the formation
permeability from k to kv in the skin layer..

2.3. Relationship between the permeability factor
ks of the skin zone and the reservoir pressure
drop AP _when the fluid is filtered. We consider the
issue When the production rates of the ideal well and
the real well are equal: Q= Q. .
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2.3. Bsanmocsssb mexxgy KoadohuumeHTom
npoHuuaemMocTn Ks CKUH-30HbI 1 NageHuem
nnacTtosoro naeneHuns AP, npuv dounbTpauun
XNOKoCTU. Bonpoc paccmarpriBaem npu paBeHCTBe
AEeOVTOB 1AeanbHON 1 peasibHOM CKBaXXNH: Q= Q. .

[oTepu NIacToBOro AaBieHNs APk npw punsTpaumm
YKUOKOCTU K 326010 MAeaIbHOM CKBaXKMHbI ONpeaenseTcs
dopmynon Otonton (CM. prc.2)

AP, =
k
ObLme NoTepn NIacToOBOro AaBfeHnNs APkS B CKVH-C/10€
peanbHOM CKBaKMHbI COCTaBAT

Qﬂ.]n&'

ks Prs™ 3(k5) -hk

Paspenvs AP Ha APkS, MOJTYHUM

AP
kB e
ks

C y4eToM (2.7) nmeem

AP,
Ak _Os _Ks _ks
AP, 0 K k
ks
V13 dhopmysibl (2.9) BUAHO, YTO OBLLVE NOTEPU N1AaCTOBOMO
JaBreHus APkS B CKWH-CJ10e 00paTHO NMponopLmoHaibHO
3HAYEHVIAM Qs, Ks, ks, a OTHOCUTESbHBIE X BEINYMHBI
paBHbl MeXay CODON.

2.9)

2.4. B3aumocBsi3b MeXXay NoTeHUunasibHbIM
Aebutom QO ) peanibHOW CKBaXXUHbI U
KO3cppULIMEHTOM MPOHMLLIAEMOCTM k .

MoTeHUMaibHbIM AEeBUTOM CKBaXKMHbI HA3LIBAIOT

AEOUT, KOTOPbI MOXET GbiTh nosydeH npu P, = O.
[VHaMNYECKINI YPOBEHb CKBAXKMHHOM XXUOKOCTU MPU 9TOM
CHWKaETCH IO BEPXHX NepdopaLiOHHBLIX OTBEPCTUM T.€.
P =La. [MnacToBoe AaBfeHVe ocTaeTcs 6e3 3MeHeHNs,

3
P - const.
na

[MoTeHUManbHbIM AEOUT peasibHOM CKBaXKWHbBI C YHETOM
CKWH-30HbI Miacta CoCTaBuT

0 _ k2P,
nom(ks)  uln(Rg/r,)
[NoTeHUmanbHbIN AeOUT nagasIbHOW CKBEDKMHBbI COCTaBUT

_k-27h-Py,
Q k
nom(k) ~ puln(Rg /rp)’
82 | ROGTEC

The reservoir pressure losses APk when the fluid is filtered
to the bottomhole of the ideal well are determined by the
Dupuit formula (see Fig. 2)

Q- u
PRe =Py = Zzhkln

The total reservoir pressure losses APkY in the skm layer of
the real well will be

QJ”.]I]S
AP =Prs 3(ks) 27 hk

Having divided AP by AP, we obtain

AP, =

A _ks g
AP, k-
ks
With consideration of (2.7), we have
A 05 _Ks _ks o9

APks 0] K k
It can be seen from the formula (2.9) that the total reservoir
pressure losses AP in the skin layer are inversely
proportional to the values 0., K, k, and their relative
values are equal.

2.4. Interrelationship between the potential
production rate Qmm ) of the real well and the
permeability factor k .

The potential production rate of the well is the production rate
that can be obtained at P, = O. The dynamic level of the well
fluid in this case drops to the upper perforations, i.e. P =L..
The reservoir pressure does not change, P’M - const.

The potential rate of production of the real well with
consideration of the formation skin zone will be

0 - m )
nom(ks)  ulIn(Rg/r,)
The potential rate of production of the ideal well will be
_k-2mh-Py,
Q

nom(k) ~ uIn(R/r.)’

Having divided Qnom(ks) by Qnom(k), we obtain

Qnom(ks) _kg
0o

nom(k)

(2.10)

With consideration of (2.9), we write down

AP_ Kk Qs K Qnom(ks)

(2.11)

ks 2 K [

?:"
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Pasnenvi Qmm(ks) Ha Qmm(k), NOJTY4NM

Qnom(ks) _kg (.10

0

nom(k)

C y4eTom (2.9), sanuiiem

APk _0Os _Ks _ Qnom(ks) 2.11)

AR 2 K Q0 3

3HadeHne NoTEHUMabHOMO Oebuta Qnom(ks) peasibHOM
CKBaXKMHbI NPAMO NMPONOPLIMOHaITBHO 3HAYEHIO

KO3 PULMEHTA NPOHMLIREMOCTU k CKUH-30HbI, a
OTHOCUTENbHbIE VX BENIMYMHDI paBHbI MeXXay CcOboM.

(YBaxKaeMoMy YTaTes K0 PEKOMEHLYETCS] CaAMOCTOSITE/IbHO
Orpeae T B3aMOCBSI3b MeXXAy 3a00VHbIM AaB/IEHNEM
P3 ) 1 KO3GhULINEHTOM MPOHNLIAEMOCTY ks, a Takxe
MeX1y AVNHaMUHECKM ypoBHeM h sty 1 KO3 HULMEHTOM
MPOHNLIAEMOCTH).

Ha ocHoBe aHanmaa dopmyn (2.5), (2.6), (2.8), (2.10)
MO>XHO caienaTb (PyHAaMEHTaIbHOE 3aK/TFOYEHE:

JtoBbble N3MEHEHUST MPOHMLIRGEMOCTM NacTa

MPVBOANAT K MPOMOPUMOHATBHOMY M3MEHEHWIO EM0
MPOAYKTUBHOCTU, MOPONPOBOAHOCTM, 3aD0NHOMO
OaBJIEHUS N OVHAMUHECKOrO YPOBHS XKUAKOCTU, TEKYLLETO
NPUTOKA 1 NOTeHUMAabHOro aedunTa, a 6e3pa3mMepHble
OTHOCUTENBHbIE VX BEIMHMHBI PaBHbI MeXOQyY COOO0M.

CnepoBarenbHo:

AKOAKOAEOAP D(AP,)0ARO(AL)OAQOAQ

nom’

aTarke,
k_s _&s _ K¢ Q(kv) Qnom(kv) (2.12)
K Q(k) Qnom(k)

k ¢
Ha ocHoBe thyHAaMEHTaIBHOIO 3aK/KOHEHNS W MpeabiayLLnX
dhopmyn 3anmLLIEM 3aBNCUMOCTU /151 ONpeaesieHnst 3Ha4eHMs
CKUH-thakTopa S, Kak (hyHOaMeHTasbHble 3aBUCUMOCTY,
OoTpaXxatoLLiye eAMHCTBO 1 B3aUMOCBS3b MEX[Y OCHOBHbLIMM
MMOPOAVHAMUYECKV MU MapaMETpaMmM NacTa, CKBEXKUHbI U
noabeMHOro o6opyanoBaHVs ((hopmyna Tuma)

K
=|1--%]|=
K]

B Q(ks) _
Q)

Fs(xs) _

Pa(rc)

1-

1- Qnom(ks) _
Q

nom(k)

Q(k} Qnom(x)
(2.13)

[Mony4eHHble 3aBUCUMOCTU (2.13) NOKa3bIBaOT, YTO
3Ha4YeHNE CKNH-(aKTOPa OTPEKAET PaBHYIO OO

www.rogtecmagazine.com

The potential production rate value Q of the real well is
directly proportional to the permeablhty faotor value k of the
skin zone, and their relative values are equal.

(We advise the reader, at their discretion, to determine

the interrelationship between the bottomhole pressure

P3 (ks) and the permeability factor ks, and also between the
dynamic level ha (ks) and the permeability factor).

Based on the analysis of the formulae (2.5), (2.6), (2.8),
(2.10), we can draw a fundamental conclusion: any
changes in the reservoir permeability lead to a proportional
change of its productivity, hydroconductivity, bottomhole
pressure and dynamic level of fluid, current flow and
potential production rate, and their relative values are equal.

Therefore:

AKDAKDOAEOAP O(AP,)DARDO(AL)DAQOAQ
and also

nom’

k _Es _ K, Q(kv) Qnom(kv)

Ks _ (2.12)
k ¢ K Qo

Qnom(k)

Based on the fundamental conclusion and previous
formulae, we write down the relationships for determination
of the skin factor value .S, as fundamental relationships,
which reflect the uniformity and interrelationship between
the key hydrodynamic parameters of the reservoir, well, and
the lifting equipment (Tim’s formula)

S=(l—k5]=[l—K"]= 1P | [ ks | _Qnom(ks)]=
‘ K P 0 Cnom(k)

ks *)  “nom(x)
(2.13)

The obtained relationships (2.13) show that the skin factor
value reflects the equal share of the decline of the key
hydrodynamic parameters of the reservoir and the well:
factors of permeability ks and productivity Ks, increased

losses of the reservoir AP “and dropped bottomhole

pressure P3 (1 Current 0, ) and potential Q i) production
rates for the reservoir of the real well as compared with the

ideal one.

Any ratios and relationships from (2.12) and (2.13) may

be used for a quantitative evaluation of the pay formation
tapping quality or the study of its current state in the course
of well logging, flow testing and mud logging (GIS, GDIS
and TIS) of the “reservoir-well-equipment” system.

In the next section we discuss the interrelationship

between the key hydrodynamic parameters of the zonally
heterogeneous formation.
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YXYALLEHNS! OCHOBHbIX MOPOOMHAMUYECKMX NapaMeTPOB
MacTa v CKBaXKVHbI: KOS((MULMEHTOB MPOHLAEMOCT K
Y NPOAYKTUBHOCTY K, yBENMHEHIIE NOTEPM M1acToBOrO

AP,Q N CHIWKEHME 3a60HOIO AAaBSIEHUN Pj,(ky), TEeKyLLEero
Q(ks) 1 NOTEHLMasIbHOrO Qnom(ks) JebUTOB MnnacTa peasbHOM
CKBa&XKMHbI MO CPABHEHWIO C OEaIbHON.

JTtobble COOTHOLLEHWS 1 3aBUCUMOCTU U3 (2.12) 1

(2.13) MoryT 6bITb 1CMOJIL30BaHbI A5 KONMYECTBEHHOMN
OUEHKM Ka4eCTBa BCKPbITUS MPOAYKTVBHOMO niacta U
CCNeNOBaHNS TEKYLLIEO ero COCTOSHNSA B MpoLiecce
NPOBEAEHVS re0U3NHECKIIX, MTMOPOAVHAMNYECKNX U
TexHonorndeckunx uccneposanun (TG, ANC n TVIC)
CUCTEMBI «MJ1ACT-CKBaXKMHA-060py10BaHME>.

B crenyollem pasaere paccMaTpryBaeM B3anMOCBS3h
OCHOBHbIX MOPOAVHAMUYECKIX NMapaMeTPOB 30HATEHO-
HEeOAHOPOHOrO MiacTa.

3. 3oHaNIbHO-HEOOHOPOOHBIN NNACT.
B3aumocBs3b Mexxay ero OCHOBHbIMMN
rMOpoOuHaMUYECKUMKM MapameTpamm

PaccmatpuBaeTcs (puic. 3) 30HaIbHO-HEOAHOPOOHbIN
naacT paguanbHOM unbTpaLmy, COCTOALLMN N3
30HbI KOHTYpA NUTaHng [Rk, Rs] C KO3(hDULIMEHTOM
€CTECTBEHHOM MPOHMLIAEMOCTU K 11 CKNH-30HD
OKOJTIOCKBaXKVMHHOMO MPOCTpaHCTBa [RS, rlc

KOS ONLMEHTOM MPOHULIZEMOCT ks.

3.1. BsaumocsaAsb mexxay KoadocbuumeHTamm
NPOAYKTUBHOCTU PeasibHON CKBaXKMHbI K 1
MPOHMLLIAEMOCTH k 30HaSIbHO-HEOHOPOAHOIO
nnacra. ‘

g 3Toro paccMoTprM 06 bEMHBIN MPUTOK (0eduT)
peasibHOV CKBaXKMHbI NPV 30HaIbHO-HEOAHOPOAHOM
nnacte. B paboTe [8] nsnaraetcs B YETbIPEX BapraHTax
BbIBOA, (DOPMY/bl A8 pacyeTa aeduta K 3ab0r0 peasibHOM
CKBaXKWHbI, T.€. C 30Ha/IbHOM HEOAHOPOAHOCTLIO NacTa
(3.8), (3.13), (3.17), (3.19)

o . m-ks(Pm Pa(ks)]
: RKka"!k . Ril_ks"/k) nnm
pln
-
C
27h- kg AP,
0o = ks (3.1.)
& R ks/k .p s
,uln K 5
r
C
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3. Zonally heterogeneous formations.
Relationship between its key hydrodynamic
parameters

We review (Fig. 3) a zonally heterogeneous formation of
radial filtration, consisting of the external reservoir boundary
zone [R, R ] with the natural permeability factor k and

the skm zone of the near-wellbore area [R r ] with the
permeability factor k .

3.1. Relationship between the productivity factor
of the real well K , and the permeability factor k_of
the zonally heterogeneous formation.

To this effect, let’s discuss the production rate of the real
well in a zonally heterogeneous formation. Ref. [8] describes
four options of the formula derivation for calculation of the
production rate to the bottomhole of the real well, i.e. with
the zonal heterogeneity of the formation (3.8), (3.13), (3.17),
(3.19)

m-kS(Pm Pa(ks))

(1-ks/k)
5

Q=

R ks/k . R or
K

uln

27h- kg - AP,

0 = ks
R ks/k . g s
K s

3.1)

uln

r
C

The production rate of the ideal well is determined by the
Dupuit formula

0= uln(R,/1,)

In this case, the productivity factor KS of the real well will be

27k

T—ks/k) \
RkSkR( s/k) (3.3)

K =
S

u#ln

r
C

The productivity factor K of the ideal well
__ 2k
uln(R_/r,)
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OKONOCKBaXKMHHOE MPOCTPAHCTBO C YXYOLLIEHHOM
NPOHNLIAEMOCTbIO kx njacTa (CKMH-30Ha)

OKOMOCKBaXXMHHOE MPOCTPAHCTBO C ECTECTBEHHOM
npoHunLaemocTsto K nnacra

Near-wellbore area with impaired permeability ks Near-wellbore area with natural permeability

k of the formation

of the formation (skin zone)

‘
: A
XY
[ | ‘ﬁ
: $‘ 3 > : + APK
: (4] | Pxx) & : 4 A Pks
: 1 = ()] A
: : ; = | Psks) 2 ' i
] O I h
]
: o Eel re :
[ 1 m————» 1
' L v O |Pannyc crmfaonbi Rs >
. : I3) ; Skin zone radius ’
[} [ K :
1 : J Paguyc KoHTypa nutaHna '
: 1 /N External reservoir :
. boundary radius
[ ! Y
' 1

Cxema npr3aboiHOM 30HbI HEOAHOPOAHOMO
naacTa no NPOHULLIAEMOCTU: 1 - KprBasi NaaeHNs
Nn1acTtoBOro AaBJsieHNA MNMpn €CTEeCTBEHHOM
npoHuuaemocTn k nnacta (k -npoHvLaemMocTb
nnacTa naeabHON CKBaXKMHBI); 2 - Kpueast
NafeHns N1acToBOro AABEHUS B CKUH-CII0e
MNPV MPOHNLAEMOCTY ks nnacTa; ks - Koaghab.
MPOHULIAEMOCTY CKUH-30HbI MIACTa PEASbHOM
CKBaXKVHb;

Rk - papnyc korTypa nutanms; R - PagmMyc CKUH-COS;
k - KO3 DULIMEHT ECTECTBEHHOMN I'IDOHVILI,aeMOCTI/I
niacTa; k - KOS DULINEHT MPOHMLIAEMOCTU CKIMH-
30HbI nacTa; Prut - faeneHue naacTa Ha KoHType
[i@BNIeH1E NiacTa Ha KOHTYpe

R P - 3a60IHOE [AaB/IEHNE MPY ECTECTBEHHOM
ﬂpOHI/ILI,aeMOCTI/I k nnacra; Pa(/\; - 3a60MHOE JaBeHVe
PV NPOHNLIAEMOCTH k nnacTa ( C Y4ETOM CKUH-CJI08);
h - mowocTs nnacta; A Pk - notepu nnacTosoro
[8BIeHNS NPV PUNBTPALIAN XUOKOCTU B MAEabHOM
CKBaXKUHE (MPY €CTECTBEHHOM MPOHULIAEMOGCTM K
nnacra); APkY — 06LLVe MoTepy MNIacToBOro AaB/eHVs
NPV PUALTPALMN XUAKOCTU B PEATHEHON CKBaXKUHE (C
YHETOM CKVH-CJI081 G MPOHMLIAEMOCTBIO MiacTa k ); Aps -
MoTepu 3a60MHOMO JAB/EHNS B CKUH-CII0E B PE3y/ibTaTe
YXy/iLLIEHVS MPOHMLIZEMOCTY NnacTa ot k 1o k..

nutarua Rk; Prs -

www.rogtecmagazine.com

Diagram of the near-wellbore area of
heterogeneous permeable formation: 1- the curve of
reservoir pressure decline at natural permeability k
nnacTa (k -formation permeability of the ideal well);

2 - the curve of reservoir pressure decline in the
skin layer at permeability k of the formation; k
permeability factor of the skm zone of the real WeII
formation;

Rk - external reservoir boundary radius; R - skin layer
radius; k - natural permeability factor of the formation;
k - skin zone permeability factor of the formation;

IIJI - reservoir pressure at the external reservoir
boundary Rk; Prs - reservoir pressure at the boundary
R P3(A) bottomhole pressure at natural permeability
k of the formation; P, bottomhole pressure at
permeability k of the %ormatlon (with consideration
of the skin layer); & - formation thickness; A Pk -
reservoir pressure losses when the fluid is filtered in
the ideal well (at natural permeability of the formation);
APk — total reservoir pressure losses when fluid is
f||tered in the real well (with consideration of the skin
layer with formation permeability /\ Aps bottomhole
pressure losses in the skin layer as a result of impairment
of the formation permeability from k to k .
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LebuT naeanbHOM CKBaXKMHbI OMPeasnsieTcst hopmMysIon

Lronton
27h-k(Py, - P
0= Fna~ Py (3.2)
tIn(Ry /1)
[Mpr 3TOM KO3 MUUMEHT NPOOYKTUBHOCTM KS peasibHOM
CKB2XXMHbI COCTaBUT

27k
K - . 69
" (R ok R“ kTP

wuln| -

r
C

KoathdmumeHT npoaykTvBHOCTM K naeanbHON CKBaXKMHGI

__ 2wk 8.4)
uIn(R_/r,)
Pasoenvs (3.3) Ha (3.4), noayynm
K

kg . k kg  In(Ry/r.)

Bs _ + =%
K~ (g kslk g (=ks/k)) “n(Relre) ~ k [ R K RS
Inl ¥ In
Te e
& k_s In(Ry /1)
wnm K k kslk o s (3.5)
n| B Ry~
Te
In(Ry./ )
kslk.p s\
roe n R.’€ Rs (3.6)
r
c

Beenem HOBoe 0603Ha4eHNE @ 1 HA30BEM €r0

KOS PULIMEHTOM HEOHOPOOHOCTY MIacTa, Kak

KOS MDUUMEHT MPOMOPLIMOHANTBHOCTU, YYUTHIBAKOLLINIA
HEOOHOPOAHOCTL M1acTa no NPOHULIAEMOCTU.

C y4eTom (3.6) 3anuiem

k K (3.7)

5 §

k K-a

V13 (8.7) cnemyeT BbIBOA, UTO 3HAYeHNe KoaddrumeHTa
MPOHNLZEMOCTA ks NPSIMO NPOMOPLYOHASTBHO 3HAYEHMIKO
KOS 1LMEHTA NPOOYKTUBHOCTU KS peasibHOM
CKB2XXMHbI 1 0BpaTHO MPOMOPUMOHATBHO KOS(PMDULIMEHTY
HEOOHOPOAHOCTW MiacTa d.

AHanna BbipaxxeHnin (3.5) 1 (3.6) NokasbIBaET, 4TO
KO3 PULMEHT HEOOHOPOOHOCTM NacTa d BAUSIET

86 | ROGTEC

Having divided (3.3) by (3.4), we obtain

K ks k kg In(Re/r,)

Bs _ Ks.
K ™ (g kolk g (=kslk) "R/, k [ R K. Rss]
K In
Te e
or & _ k_s In(R;./7,) (3.5)
K k ks/k K
In R "Ry
Te
where In(R,./1.) (3.6)
—a
R ks/k . RS
lIl K S
r

c

Let’s introduce a new symbol a and call it the formation
heterogeneity factor, as the proportionality factor honouring
the formation permeable heterogeneity.

With consideration of (3.6), we write down

k. K, (3.7)

k K-a
From (3.7), a conclusion is drawn that the permeability
factor value k is directly proportional to the productivity

factor value K of the real well and inversely proportional to
the formation heterogene|ty factor a.

An analysis of the expressions (3.5) and (3.6) demonstrates
that the formation heterogeneity factor a affects the
permeability factor ks of the skin zone logarithmically, i.e.
insignificantly as compared with the permeability & of the
external reservoir boundary.

3.2. Relationship between the production rate O
of the real well and its permeability factor k_of the
zonally heterogeneous formation.

P-const; (P, =P, ).

Real well rate of production

o . Zrﬁz-ks(Pm—Pa(ks))
s R kS_,.-’f k. R(] -k s/ k)
yln K Y

r
C
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Ha KO3 @UUMEHT NPOHNLAEMOCTM k CKVH-30Hb!
norapudMnHecKkm, T.e. HeaHaUMTENbHO MO CPaBHEHMIO C
MPOHMLIAEMOCTbIO K KOHTYpa NMTaHKS.

3.2. Bsaumocenaab mexxay nebutom Q.
peasibHOW CKBaXXMHbI U €ro KoadppnumeHTom
MPOHULLAEMOCTU Kk 30HaSIbHO-HEOAHOPOAHOIO
nnacta. P -const; (PW Pj(kx)).

LebuT peanbHOon CKBaXKMHDI

Zrﬁz-ks(Pm-Pa(ks))

Q. =
’ R kS_..-’fk . R(l —ks k)
K Y

uln

[edbunT noeanbHOM CKBaXKMHDI

22 k(P =P 1)
uln(R,. /1)

Q=

Paspenve Q Ha Q, nonyqmm

Qs _ ks . In(Ry. /7¢)
k ks/k
Q In Rx( 5 ).RSS
r
c

Wn € y4eToM (3.6) 1

ks . Ks _Os

k Ka Qa

(3.7) 3anuiuem

(3-8)

®opmyna (3.8) NokaabIBaeT, HTO 3HAYEHME KOIDDULIMEHTA
MPOHNLIAEMOCTU ks MPSMO MPONOPLIOHasTbHO

3HAYEHUIO AebUTa PeasTbHON CKBaDKUHbI Qs 1 obpaTtHo
MPONOPLMOHANBHO KO3MMULMEHTY HEOAHOPOAHOCTM
nnacra a.

3.3. Bsaumocsasb mexxay KoadodhuumeHTomM
MPOHMLLIAEMOCTH k 30HaSIbHO-HEOHOPOAHOIO
nsacrta v nageHueM naacToBoro OassieHus AP,
npu dounbTpaumm xxugkoctn Q — const.

MoTepst NNacToBOro AaB/ieHns APk npy unsTPaLMm
XKNOKOCTU K 326010 MaeanbHOM CKBaXKMHBLI ONpeagnseTcs
dhopmynon Oronron

AP, = Qu

! 3(k) kQthln(R /re)

ObLme NoTepy NNacTOBOro AaBieHVs] APkv B 30HaU/IbHO-
HEeOOHOPOAHOM MiacTe, T.e. C Y4ETOM CKUH-CJIos

www.rogtecmagazine.com

Ideal well rate of production

2mh-k(P,,- P
uln(R,./1.)
Having divided Q_ by Q, we obtain
&=k_s_ In(R,. /7p)
QO k . Rx(ksfk) 'Rss
r
c

or, with consideration of (3.6) and (3.7), we write down

ks Ky Qg
k Ka Qa

The formula (3.8) demonstrates that the permeability factor
value ks is directly proportional to the production rate

value of the real well Qs and inversely proportional to the
formation heterogeneity factor a .

(3-8)

3.3. Relationship between the permeability factor
k_of the zonally heterogeneous formation and
the reservoir pressure drop AP, when the fluid is
filtered O - const. “

The reservoir pressure loss APk when the fluid is filtered to
the bottomhole of the ideal well is determined by the Dupuit
formula

AP, = Qu
k S(k) k2mh
The total reservoir pressure losses APM in the zonally
heterogeneous reservair, i.e. with consideration of the skin
layer, are determined using the formula (3.6) [8]

ln(R /1)

(R /7, + Q” S IR /1)

Qu
ksma(ks)zm;'c c)

Having divided AP, by AP, , we obtain
APk k

=5,
Afis K ?ln(R,cfrcHS]n(R,{frc)

In(R;. /r) kg

_kg. In(Re/r)
k

kasfk ,st]

In

¥ c

With consideration of (3.6) and (3.8), we have

AP,
AP, o a Ka k°
ks Q
It can be seen from formula (3.9) that the permeability
factor value k is inversely proportional to the reservoir
pressure drop AP . when the fluid is filtered in a zonally
heterogeneous formatlon

(3.9
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onpeaenstoT no dopmyse (3.6) [8]

Ou Qu .
AP =By =Pk = o MR/ Ty +5 3 -S-In(Ry/1,)
Pasnenve AP, Ha AP, , nonyqum
ARk In(R/7,) _kg . In(Ry/r,)
ARs K RS 1R i)+ SR, /ry)

k In

kasfk ,RSS]

C y4yetom (3.6) 1 (3.8), umeem

APk - Oy - K =ks_
APkS-a Qa Ka k

(3.9

13 chopmysibl (3.9) BUOHO, YTO 3HaYeHWe kKoadhduLmeHTa
MPOHULIAEMOCTH k 0BpaTHO NPOMOPLMOHATEHO MadeHMo
njacToBOro ,EI,aBJ'IeHI/Iﬂ AP npy PUABTPALNN XKNOKOCTU B
30Ha/TbHO-HEOAHOPOOHOM rmaCTe

3.4. BzanmocBasb mexxay noteHuasibHbIM
nebutom Qw(ks) Heo4HOPOOHOro rnJjacra u ero

KO3 PMLMNEHTOM MPOHULLIAEMOCTY k
(P, nP,  =0).

3(ks) 3(k)

[NoTeHuyanbHbIn OEOUT PeanbHOM CKBaXKMHbI C 30HaNBHOM
HEeOHOPOOHOCTLIO M1acTa COCTaBUT

2mh-kg B,
R, ksfk R
pln| ~———

0

nom(ks) ~

e
[NoTeHuyanbHbIi OeOUT MAEaNbHOM CKBaXKMHbI

2mh-k- P, ,

Criom() ™ (R /1, )

Paspenvs Q NOJTYHNM

nom(ks) Ha nom(k)’

Qnom(ks) _ks | hl(Rxfrc)
Qnam(k) k kaS;‘!k . RSS

In

r
c

C y4yetom (3.6) 1 (3.9), sanuiiem

AR 05 _ Ky _ Znomtks) ks
APk a Qaf K-a Q()m(k) k (3.10)

3HaueHne Ko duLMEHTa MPOHNLAEMOCTH
kY 30Ha/TbHO-HEOOHOPOAHOIrO MaacTa npPsiMo

88| ROGTEC

3.4. Relationship between the potential production
rate, O .., of the heterogeneous formation and

its permeability factor, k, (P3(ks) and
(P =0).

3(ks) V1 ?(k )

The potential rate of production of the real well with zonal
heterogeneity zone will be -

0

nom(ks) ~

2mhkg Py,
R, ks/k R
puln| —H—

Te

The potential rate of production of the ideal well

2mh-k- P, ,

Crom(k) ™ win(Rg/ 1, )

Having divided Qmm(ks) by Q,mm(k),we obtain

Qnom(ks) _ks | hl(Rxfrc)
k ks/k
Qnom(k) n RK: 5 .RSS
r
c

With consideration of (3.6) and (3.9), we write down

AR Qs Ky Zomiks)

AP @ 0a Ka Q()m(k) Tk

(3.10)

The permeability factor value k of the zonally
heterogeneous formation is d|rect|y proportional to the
potential production rate value Qnam(ks).
Based on the analysis of the formulae (3.7), (3.8),
(8.9), (3.10), we can draw a fundamental conclusion:
any changes in the zonally heterogeneous reservoir
permeability lead to a proportional change of its
productivity, hydroconductivity, bottomhole pressure
and dynamic level of fluid, current flow and potential
production rate, and their relative values are equal.

Conclusion

The issues and problems discussed in this work, including
[8 and 9], belong to the basic concepts of the reservoir
hydrodynamics. The article [8] provides a substantiated
analysis of the existing concept of skin factor. We
identify the errors made in the formulae used for
determining the skin factor and the loss of pressure

in the skin layer when the fluid is filtered. In this view,

a detailed and consistent analytical derivation of its
formula is provided. The analytical derivation of the skin
factor formula is corroborated by the derivations of its
formula through the following indicators - “production
rate - pressure”, “production rate - level”, and also
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MPOMNOPLMOHaNBHO 3HAYEHNIO MOTEHLIMAIBHOMO
nebuta Q

nomf(ks)"

Ha ocHoBe aHanmsa opmyn (3.7), (3.8), (3.9),

(3.10) MmOXXHO coenaTb dhyHOaMeHTabHOEe
3aK/oYeHve: Mobble N3MEHEHNs MPOHNLAeMOCTU
30HasIbHO-HEOAHOPOOHOro MniacTa NPUBOAAT

K MpOonopuUnoHanbHOMY U3MEHEHULO ero
NPOAYKTUBHOCTHU, MMAPONPOBOAHOCTU, 3aDONHOIO
agasneHna N agnHaMmn4eCcKoro YpOBHA XNOKOCTW,
TeKyLL,ero npuToka v noTeHumanbHoro aebuta, a
6e3pa3mMepHble OTHOCUTESbHbIE UX BEIMYNHBI PaBHbI
Mexay cobon.

3akJitoueHue

Bonpocekl n npob6aiembl, pacCMOTPEHHbIE B 3TOM
paboTe, Bkto4as [8 n 9] oTHocATCs 6a30BbIM
NONOXXEHUAM rnapoaMHaMmnKK nnacta. B ctatbe [8]
NPMBOANTCA OOOCHOBAHHbIN aHaNN3 CYLLECTBYIOLLEN
KOHLIEMNLUNW CKUH-(haKTopa. YKasbiBatOTCA OLUNOKM,
OOMyLLEHHbIE B hopMynax AN onpeaeeHns CKUH-
dakTopa 1 NoTepw AaBNEHUS B CKUH-CNOe NMpu
dunbTpauMn XnakocTn. B cBasu ¢ aTuM gaetcs
NOAPOOHbLIN 1 MOcNenoBaTeNbHbIN aHANUTUYECKNI
BbIBOA, ero hopMyibl. AHAIUTUYECKNA BbIBOA
dopmy bl CKNH-haKTopa NoATBEPXKAAETCS BbIBOAAMM
ero hopmMyibl YepPEe3 UHANKATOPHbIE NHUK «Oe6UT
— OaBneHune», «0ebuUT — ypoBEHb», a TaKXe Mo
3Ha4YeHNaM 3ab0MHOro AaBfAEHNS N NOTEHLUMaIbHOro
nebuTa. YkasblBaeTcs BAUSHWE pagnyca CKUH-Cos
N KO3 duLMeHTa NPOHULIAEMOCTU Ha BEIUHNHY
NPUTOKA XXUOKOCTU B CKBaXKMHY. [pnBoanTca
BbIBOL, (DOPMYSIbl CKUH-haKTopa O/19 30HasIbHO-
HeoOHOPOAHOro nnacTa. MNpPUBOANTCS KPUTUYECKUI
aHanms cyLlecTBytoLLen hopMysibl A9 ONpeaesieHns
NPUTOKA XXMOKOCTU K 32600 peaslbHON CKBaXKWHbI,
KOHKPETHO YKasbIBatOTCS AOMYLLEHHbIE OLLVOKA U B
YeTbIpeX BapuaHTax NpUBOAUTCA BbIBOO, OPMY /bl AN
ONpeaeNeHNs NPUTOKA XNOKOCTN B CKBaXKHY MPW
30HaNbHOM HEOOHOPOOHOCTM NNacTa. YKasblBakoTCs
OLUMBKMK, OONYyLLEHHbIE B hOpMyNe N onpeneneHis
Npu1BeaAeHHOro paanyca CKBaXKMHbI. [prBoanTCs HoBOE
onpeneneHne NpMBeOeHHOro pagmyca CKBaXK HbI U
[aeTcs BbIBOA, ero hopmysibl.

Ha ocHoBe TeopeTUYECKMX U NMPOMbIC/IOBbIX
1NCCNeqoBaHNi, BbIMOJIHEHHbLIX B 06/1aCTU
rMAOPOMEXaHNKM COBMECTHOM paboThl NacTa, CKBaXKMHbI
1 NoabEMHOro 060pya0oBaHNS, a TakXKe Mo NoJlyYeHHbIM
pesybTaTam JaHHOM paboTbl yCTaHOBMEHDI
dbyHOaMeHTaNbHOe 3ak/to4eHne 1 yHOAMEHTa IbHbIE
3aBNCUMOCTW, OTparkaroLe eAMHCTBO W B3aMMOCBS3b
MeXXy OCHOBHbIMU MMAPOANHAMNYECKUMM
napamMeTpamu niacra, CKBaXKMHbI 1 NOABEMHOIMO
obopynoBaHus.

www.rogtecmagazine.com

through the values of the bottomhole pressure and the
potential production rate. The effect of the skin layer
radius and the permeability factor on the amount of
fluid flow to the wellbore is also described. A derivation
of the skin factor formula is provided for the zonally
heterogeneous formation. A critical analysis is provided
for the existing formula used to determine the fluid flow
to the bottomhole of the real well, the errors made are
specifically indicated, and four options are provided

for the derivation of the formula used for calculation

of the fluid flow to the wellbore in case of the zonal
heterogeneity of the formation. Errors are identified that
were made in the formula used for determination of the
equivalent radius of the well. A new definition for the
equivalent radius of the well is provided, and its formula
derivation is given.

Based on the theoretical and field investigations
performed in the sphere of hydromechanics of the

joint operation of the reservoir, the well, and the lifting
equipment, and also based on the results obtained

in this work, we have established the fundamental
conclusion and fundamental relationships reflecting

the uniformity and relationship between the key
hydrodynamic parameters of the reservoir, well, and the
lifting equipment.
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