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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 layının açılma dərəcəsinə görə natamam yastı dibli istismar 

quyusunun hesablama metodikası 

G.G. Məmmədova  

Azərbaycan Dövlət Neft və Sənaye Universiteti (Bakı, Azərbaycan) 
 

Xülasə  

          Məqalədə, qalınlığı böyük olan anomal neft layında layın açılma dərəcəsinə görə 

hidrodinamik natamam yastıdibli quyunun dəqiq tam neft debitinin düsturu çıxarılmışdır. Lay quyu 

ilə iki hissəyə bölünmüşdür: yuxarı hissədə yastı-radial sadə süzülmə axını baş verir, aşağı hissədə 

isə mürəkkəb süzülmə axını baş  verir. Burada verilmiş yastıdibli quyu, dibi çökək yarımsfera səthi 

olan quyu ilə əvəz edilmişdir. Bu ikinci quyunun yuxarı açılmış lay hissəsində yastı-radial sadə 

süzülmə axını, aşağı açılmamış lay hissəsində isə yarımsferik-radial sadə süzülmə axını baş verir. 

Məqalədə iki stasionar hidrodinamik məsələ həll edilmişdir  və layın hər iki hissəsindən ayrılıqda 

quyuya süzülən neftin debit düsturlarını çıxarmaq üçün elə bir üsul  tövsiyə edilmişdir ki, onları da 

cəmləyərək  yastıdibli quyunun dəqiq tam debit düsturu çıxarılmışdır. Layda süzülən anomal neft 

V.F.Şulmanın modifikasiya olunmuş modelinə tabedir. 

Açar sözlər:  yastıdibli quyu, layın açılma dərəcəsi, hidrodinamik natamam, anomal neft, 

süzülmə axını, modifikasiya olunmuş model. 

 

Методика расчета дебита несовершенной по степени раскрытия 

плоско забойной добывающей скважины аномального нефтяного пласта 
Г.Г. Мамедова 
Азербайджанский государственный университет нефти и промышленности (Баку, Азербайджан) 
 

Аннотация  

 В статье выведена точная формула гидродинамический несовершенной по степени 

вскрытия пласта аномальной нефти плоскодонной скважины. Пласт этой скважиной 

разделен на две части в верхней части пласта большой толщины происходит 

плоскорадиальный простой фильтрационный поток, а в нижней части пласта -сложный 

поток. Заданная плоскодонная скважина заменена скважиной, имеющей вогнутую 

поверхность полусферы в качестве забоя. У этой второй скважины в верхней вскрытой части 

пласта происходит плоскорадиальный простой поток фильтрации нефти, а в нижней части 

пласта полусферический-радиальный поток. Решены две стационарные гидродинамические 

задачи и рекомендован метод вывода формул дебита нефти, просачивающейся в скважину 

из обеих частей пласта по отдельности и путем их суммирования получена точная формула 

полного дебита плоскодонной скважины. Аномальное просачивание нефти в пласт 

подчиняется модифицированной модели В.Ф. Шульмана. 

 

Ключевые слова:  плоско забойная скважина, степень вскрытия пласта, аномальная 

нефть, гидродинамический несовершенная фильтрационный поток, 

модифицированная модель.
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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 Rc; well radius rw; 

layer filtration coefficient C1 for well №1; layer 

filtration coefficient C2 for well №2; initial 

pressure gradient (IPG) in the formation for the 

first well is G1, and for the second well - G2. 

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. 

 

 
Figure – Scheme of two operational wells with 

different bottoms: 1-a well with a flat bottom, 2-a 

well with a concave hemispherical bottom
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        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 №2) 

[1,2,3,4]. 

Issue 1. Here Shulman’s filtration law is 

taken differentially [5]: 
n
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Since this problem is solved for the upper 

part of the layer, the area of the current 

cylindrical percolation surface is: 

F1=2πra                      (2) 

Here, π=3,14, r – is the current radius-vector. 

The discharge from the upper part of the 

well is equal to the product of F1:  

racFvQ 1111 2==

n

nn G
dr

dP








−

1

2

1

)(      (3) 

r
ac

Q
=

1

1

2

n

nn G
dr

dP








−

1

2

1

)(            (4) 

  nn r
ac

Q
11

1

1 )
2

( =










− nn G

dr

dP
1

2

1

)(        (5) 

Let's separate this differential equation 

into its variables: 

nnnnn rG
dr

dP
r

ac

Q
11

2

111

1

1 )()
2

( −=


 

n

n

n
n

n

n
n dp

r

dr
G

r

dr

ac

Q
1

1

1
1

21

1
1

1

1 )
2

( =+


         (6)                               

dP=[

n

n
n

n

n
n

r

dr
G

r

dr

ac

Q
1

1
1

21

1
1

1

1 )
2

( +


]          (7) 

In the differential equation (7), the power 

"n" can take different values. 

If n=1, this equation becomes: 
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If we integrate this equation in the 

following intervals, then obtain: 
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Here we find:  
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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 №2 is obtained. 

Issue 2. Here also the filtering law is 

derived according to formula (1). 

The area of the current hemispherical 

filtering surface is: 

        F2=2πr2                       (8) 

Then the anomalous oil inflow 

corresponding to well №2 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 №2 is obtained. 

To obtain the exact full flow rate formula 

for a given flat bottom well, Q1 and Q2 must be 

summed, i.e.: 21 QQQ +=  

 Let us assume that n =1, then equation 

(12) will be as follows: 
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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 №1: 
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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 №1. 

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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