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Abstract

The article derives the exact formula of an anomalous flat-bottomed well that is
hydrodynamically imperfect in terms of the degree of reservoir penetration. The formation of this
well is divided into two parts: in the upper part of the formation of large thickness there is a flat-
radial simple filtration flow, and in the lower part of the formation there is a complex flow. The
pre-determined flat-bottomed borehole having a concave hemisphere surface as a bottom hole is
replaced. This second well has a flat-radial simple flow of oil filtration in the upper part of the
reservoir, and a hemispherical-radial flow in the lower part of the reservoir. Two stationary hydro-
dynamic problems are solved and a method for deriving the formulas for the oil flow rate that seeps
into the well from both parts of the reservoir separately is recommended; also, by summing them
up, the exact formula for the total flow rate of a flat-bottomed well is obtained. The anomalous oil
seeping into the formation is subject to the modified model of V.F. Shulman.
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Anomal neft layinin agilma daracasing gora natamam yasti dibli istismar

quyusunun hesablama metodikasi

G.G. Mammoadova
Azorbaycan Déviat Neft vo Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalada, galinligi boylik olan anomal neft layinda layin agilma doracasine gors
hidrodinamik natamam yastidibli quyunun daqiq tam neft debitinin diisturu ¢ixarilmigdir. Lay quyu
ilo iki hissays boliinmiisdiir: yuxari hissads yasti-radial sads siiziilmo axini bas verir, asagi hissado
iso miirokkab siiziilmo axin1 bas verir. Burada verilmis yastidibli quyu, dibi ¢6kok yarimsfera sathi
olan quyu ilo avaz edilmisdir. Bu ikinci quyunun yuxari agilmis lay hissasinds yasti-radial sado
stizilma axini, asag1 agilmamis lay hissasinds ise yarimsferik-radial sads siiziilmos axin1 bas verir.
Moaqalads iki stasionar hidrodinamik masals hall edilmisdir va layin har iki hissasindan ayriligda
quyuya siizlilon neftin debit diisturlarini ¢ixarmaq ii¢iin elo bir tisul tdvsiys edilmisdir ki, onlar1 da
comlayarak yastidibli quyunun doaqiq tam debit diisturu ¢ixarilmigdir. Layda siiziilon anomal neft
V.F.Sulmanin modifikasiya olunmus modelina tabedir.

Acar sozlar: yastidibli quyu, laym agilma daracasi, hidrodinamik natamam, anomal neft,
sliziilmo axini, modifikasiya olunmus model.

Metoauka pacyera 1e0MTAa HECOBEPLICHHOM 110 CTENEHH PACKPBITUS

IUI0CKO 3200HHOM 100bIBaOLICH CKBAKMHBI AHOMAJIBLHOI0 HETIHOIO IJIACTA
I'.I'. Mamenosa
Azepbatiodicanckuti cocyoapcmeentslil yHugepcumem Hegpmu u npomviusiennocmu (baxy, Azepbaiioscan)

AHHOTALIUA
B craTthe BhIBeZeHa TOouHas (Gopmyiia TUAPOAMHAMUYECKUN HECOBEPIICHHOW MO CTENEeHH

BCKpBITHS IIacTa aHOMaJIbHOW HE(TH IUIOCKOAOHHOM CKBaXHHBI. Ilmact 3TON CKBakMHOMN
paszzeneH Ha JBE€ 4YaCTH B BEPXHEW 4YacTH IUIacTa OOJIBIION TOJIIUHBI TPOUCXOJUT
IJIOCKOpanaibHbId MPOCTONW (PUIBTPALIMOHHBIA MOTOK, @ B HUXKHEM YacTH IUIacTa -CJIOXKHBIN
IIOTOK. 3aJaHHas IUIOCKOJIOHHAs CKBAKMHA 3aMEHEHA CKBAXUHOHM, HWMEIIIEH BOTHYTYIO
MOBEPXHOCTB MoJTycepsl B kKauecTBe 3a005. Y 3TON BTOPOH CKBayKUHBI B BEpXHEH BCKPBITON YacTH
IU1acTa MPOMCXOIUT MIIOCKOPAANAIbHBIN MPOCTON MOTOK (PUIbTPALMM HE(TH, a B HIDKHEH YacTH
1acTa noiychepuyecKuii-paguanbHblid MOTOK. PeleHbl ABe CTallnOHapHbIE THAPOANHAMUYECKUE
3aJjaud U PEeKOMEH/I0BaH METO]l BbIBoJa opMyI 1e0uTa He(hTH, MPOCAYUBAIOLIECICS B CKBAXHHY
13 00enx JacTell miacTa 1o OTAeIbHOCTH U MyTeM UX CyMMHPOBaHUS MOJy4yeHa TouHas Gopmyia
MOJIHOTO /1e0UTa IJIOCKOJOHHOM CKBa)XMHBL. AHOMAaJbHOE IpocayrMBaHUE HEPTH B ILJIACT
noguuHsieTcss MmoauduiupoBanHoi moaenu B.@. llynsmana.

KiroueBble cjioBa:  1UI0CKO 3a00ifHAas CKBakKMHA, CTENEHb BCKPBITHS IUIacTa, aHOMAaJlbHAs
He(PTh, THAPOAMHAMUYECKUN HECOBEpIICHHAs (MIbTPALMOHHBIN IMOTOK,
MOIU(PHUIIMPOBAHHAS MOJIEb.
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Introduction

In the history of the development of the
science of oil extraction, the exact full oil flow
rate formula for a hydrodynamic incomplete
flat bottom well according to the degree of
formation opening has not yet been derived.
Only the approximate debit formula was
suggested twice; in the first of them, the
approximate debit formula was derived using
the gamma function [1]; this formula has a
complex form and has been used to solve his
theoretical problems for fields producing
Newtonian oil and worked by rows of
production wells. The second of the
approximate formula was proposed by
academician L.S.Leybenson. He proposed to
assume a hemispherical-radial simple seepage
flow instead of a complex seepage flow in the
lower part of the flat bottom well.

Such wells are located in a thick
productive oil layer and divide it into two parts:
a flat-radial simple flow occurs in the upper
part, and a complex percolation flow occurs in
the lower part; its complexity is that the flow
lines from the drainage zone of the formation to
the well are not radial straight, but curved lines.

In the article, author proposed a method
of deriving the exact complete flow rate
formula for a well with a hydrodynamic
incomplete flat bottom according to the degree
of formation opening [2]. So, in this method,
the well with a flat bottom is replaced by a well
with a concave hemispherical surface.

Figure 1 shows a scheme of two
operational wells with different bottom-holes.
In the figure, both wells are subject to the
modified Shulman’s model of the formation
filtration process.

Research methods

According to the degree of opening of the
well, the hydrodynamics is not complete, and
according to the characteristics of the opening,
the hydrodynamics is complete.

In Figure, the following conventional
symbols are given: layer thickness h; thickness
of the opened upper part of the layer a;
thickness of the unopened part of the layer h-a;
radius of feeding contour R¢; well radius ry;
layer filtration coefficient Cy for well Nel; layer
filtration coefficient Co for well Ne2; initial
pressure gradient (IPG) in the formation for the
first well is G, and for the second well - Ga.

The issue of deriving the exact discharge
formula of a hydrodynamically incomplete flat
bottom well according to the degree of
formation opening is relevant and has great
theoretical and practical importance; because
without this formula, it is impossible to solve
the issues of theoretical development of the
considered productive layer.

When this problem is solved by the
proposed interesting method, the given well
with a flat bottom is replaced by a well with a
bottom in the form of a depressed
hemispherical surface.
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Figure — Scheme of two operational wells with
different bottoms: 1-a well with a flat bottom, 2-a
well with a concave hemispherical bottom



Azorbaycan Miihandislik Akademiyasinin Xoborlori
2026, cild 18 (2), s. 31-36
G.G. Mammadova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 31-36
G.G. Mammadova

Thus, both wells are hydrodynamically
incomplete due to the degree of formation
opening, and hydrodynamically complete due
to the nature of the formation opening.

To create the bottom of the well with a
new geometric shape, a construction of a two-
bladed drilling ax with a special design was
proposed [6].

Below are the solutions of two stationary
hydrodynamic problems (for well Ne2)
[1,2,3,4].

Issue 1. Here Shulman’s filtration law is
taken differentially [5]:

{@5” } )

Since this problem is solved for the upper
part of the layer, the area of the current
cylindrical percolation surface is:

Fi1=2nra 2)
Here, 7=3,14, r — is the current radius-vector.

The discharge from the upper part of the

well is equal to the product of Fi:
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Let's separate this differential equation
into its variables:
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In the differential equation (7), the power
"n" can take different values.
If n=1, this equation becomes:
_Q g dr
27ac,
If we integrate this equatlon in the
following intervals, then obtain:

(7.1)
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If this differential equation is solved, then
the formula for the flow of the upper part of the
formation Q1 for well Ne2 is obtained.

Issue 2. Here also the filtering law is
derived according to formula (1).

The area of the current hemispherical
filtering surface is:

Fo=2nr? (8)

Then the anomalous oil inflow
corresponding to well Ne2 in the lower part of
the formation will be as follows:
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Let's separate this differential equation
into its variables:
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If this differential equation is solved, then
the formula for the flow of the lower part of the
formation Q2 for well Ne2 is obtained.

To obtain the exact full flow rate formula
for a given flat bottom well, Q1 and Q2 must be
summed, i.e.. Q=Q, +Q,

Let us assume that n =1, then equation
(12) will be as follows:

dr dr

dP = =% Q2 r2 +Gzr— (121)
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If we integrate this equation in the

following intervals
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we will get from here:
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If we sum the production rates given by
formulas (7.2) and (12.2), we get the exact
complete debit formula for well Nel:

R

R
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Q=Q+Q, =21 L (12.3)
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If several other values of "n" are given by
this rule, then it is possible to derive a large
number of accurate full oil flow formulas for
well Nel.

Thus, it is purposeful to use the derived
full oil debit formulas when solving various
theoretical development issues of anomalous
oil fields and determining development
indicators [7-12].

Conclusion

1. In the article, the exact full oil flow rate
formula of the hydrodynamic incomplete flat-
bottomed well according to the degree of
opening of the exploited layer in the productive
anomalous oil layer with a large thickness is
derived.

2. The formation is divided into two parts
by a given well: the flat-radial simple
percolation flow of anomalous oil occurs in the
upper part, and the complex percolation flow
occurs in the lower part.

3. The anomalous oil seeping in the
formation is subject to the modified model of
V.F. Shulman.

4. In order to solve the problem, the well
with a flat bottom was replaced by a well with
a concave hemispherical surface.

5. Flat-radial simple percolation flow
occurs in the upper open layer part of the
replaced well, and hemispherical radial simple
percolation flow occurs in the lower unopened
part of the well.

6. Two-stationary hydrodynamic prob-
lems have been solved and separate debit
formulas of oil seeping into the well from both
parts of the reservoir have been derived.

7. By summing these two debits, the exact
full oil debit formula of the given well with a
flat bottom was obtained.

8. This formula should be used when
solving various theoretical development issues
of anomalous oil fields worked with rows of
wells and determining development indicators.
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