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 The paper review efficiency of geological and technological methods (GTM) of bottomhole formation zone (BHFZ) treatment
that increase productivity of production wells. Today, according to directional documents, value of skin-effect (S) which is 
determined by calculations based on well-test is the main information to screen a GTM. The greater positive value of S-effect at 
the same production rates, the earlier it is planned to carry out a GTM on a well. Wells with negative value of S take the last 
place. The larger value, the less probability of GTM application. There is no relation between S value and parameters of a
particular GTM technology. That is caused by physical nature of this dimensionless coefficient. According to directional
documents, S gives a generalized virtual assessment of BHFZ state through the principles of good-bad and more-less. Thus, 
BHFZ characteristics needed to select parameters for a particular technology of GTM application in each well remain unknown. 
An analysis of real physical objects that constitute structural basis of BHFZ whose properties determine value of S is performed. 
A historical review of development of this parameter since 1949 is given. It is established that generalized unified characteristic 
of BHFZ basically reflects its two properties, that are diriment in structural feature that are specific surface of a well drainage 
system and hydrodynamic resistance of its formation fluid. A technique for determination numerical values of these parameters
is proposed. There are examples of application of proposed BHFZ characteristics for analysis of reasons of change in
productivity of a production well of Perm region during 4 years of operation and reasons for change in productivity of five more 
wells after the GTM application are given in conclusion. 
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 Рассмотрена эффективность геолого-технологических методов (ГТМ) воздействия на призабойную зону 
продуктивных пластов (ПЗП) для увеличения производительности дренирующих их скважин. В настоящее время 
основной информацией для выбора технологии ГТМ, соответствующей состоянию конкретной ПЗП, является,
согласно руководящим документам, величина скин-фактора (S), определяемая расчетным путем по результатам 
гидродинамических исследований скважин. Чем больше положительная величина этого коэффициента при
одинаковых дебитах, тем раньше планируется проведение ГТМ в скважине. На последнем месте остаются
скважины с отрицательным значением S. Чем больше его величина, тем меньше вероятность проведения ГТМ. 
Никакого отношения к выбору параметров конкретной технологии ГТМ величина S не имеет. Причиной тому 
служит физическая сущность данного безразмерного коэффициента. Согласно руководящим документам, он дает
некую обобщенную виртуальную оценку состояния ПЗП скважины по принципам хорошее – плохое и более –
менее. Таким образом, характеристики ПЗП, необходимые для выбора параметров конкретной технологии
проведения ГТМ в каждой скважине, остаются неизвестными. 
В работе выполнен анализ реальных физических объектов, составляющих конструктивную основу ПЗП, свойства
которых определяют величину S. Приведен исторический обзор развития данного параметра начиная с 1949 г.
Установлено, что обобщенная единая характеристика ПЗП в основном отображает два ее свойства, отличающиеся 
по конструктивному признаку, – это удельная поверхность дренажной системы скважины и гидродинамическое
сопротивление ее пластового фильтра. Предложена методика определения численных значений этих параметров.
В заключение приведены примеры практического использования предложенных характеристик ПЗП для анализа
причин изменения продуктивности одной из добывающих скважин Пермского края в процессе ее четырехлетней 
эксплуатации и причин изменения продуктивности еще пяти скважин после ГТМ. 
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Introduction 

Increase in time of operation of production 
wells that pump a productive reservoir in oil fields 
causes the fact that state of a bottomhole formation 
zone (BHFZ) that plays a role of a filter in a 
drainage system of wells is changed. 
Multidirectional movement of various fluids in that 
zone during operation is accompanied by either 
blockage or cleaning of its free space, which 
significantly affects well productivity. Therefore, 
assessment of a real state of BHFZ is one of the 
most important tasks that determines a direction of 
work to improve efficiency of well operation 
including a technology for BHFZ stimulation in 
particular conditions that has to be chosen. 

Today, a value of skin factor S that is the main 
parameter for assessing the state of BHFZ is used 
everywhere [1]. For the first time that was used in 
oil production in 1949 by an American scientist 
Van Everdingen. He called it a dimensionless 
factor reflecting properties of a film that covers 
penetrating (infiltrating) surface of a well and 
hinder free movement of fluids between a well and 
formation. Dimensions of that parameter and its 
physical nature were determined by the following 
expression:  

 S = (k – k*) / k* x ln(ra/rw)  (1) 

where k, k* are permeabilities of the main formation; 
ra, rw are radii of BHFZ and well respectively.  

That was not consider to obtain large values of 
S << -1. 

Later a practical method for determination of a 
value from pressure build up curve (PBC) is taken 
in a stopped well during field well test [2]. 

 S = (b/i) – ln(2,25ǽ/rw
2),  (2) 

where b, i and ǽ are the parameters calculated from the 
PBC, reconstructed in semilogarithmic coordinates. 

That a dimensionless parameter was widely 
used in our and foreign practice of oil production 
as a multiuse one for assessing the state of BHFZ. 
However, during accumulation of information on 
well survey it was determined that in a sufficiently 
large number of cases the parameter value 
becomes negative and large. Essentially, this 

means that at S = 0 a virtual cover is washed off 
from the well walls. If the value continues to 
decrease S appears again as a virtual physical 
nonsense, real physical essence of which will be 
interpreted by every speciallist in different way 
until their own interpretation is included a 
guideline document. 

Current state of the issue  
of real BHFZ parameters estimation 

In order to eliminate uncertainties in evluation 
of BHFZ state another dimensionless parameter 
such as damage factor is used in American practice 
since 1953 (1 – PR). That was developed by 
Tomas [12] as a coefficient of zonal damage, 
where PR = k*/k is a ratio equal to Q*/Q if other 
parameters that determine real and calculated rates 
are equal. Positive value of a factor from 0 to +1 
indicates a damage (deterioration) of BHFZ. 
Negative value of a factor from 0 to –∞ on 
contrary indicates its improvement. Numerical 
value of a parameter, other than zero, determines 
degree of deviation of flow penetration property of 
BHFZ from the natural state of the main reservoir. 
The disadvantage of this parameter is asymmetry 
of its boundary estimates. Therefore, although 
possible use of 1/PR instead of 1 could provide the 
necessary property, only a positive part of them 
has received practical application. 

Since 1953 a more meaningful parameter such 
as reduced well radius is used in domestic practice 
with the same purpose. That is virtual radius of 
some perfect well operating with production rate of 
a real well at interval of a productive formation 
[13-20]. That radius rred = rw · е

–с is calculated 
using С = С1 + С2, obtained from Shchurov’s 
charts [20], that represent С1 and С2 as functions 
from a method of casing perforation and degree of 
productive formation penetration. Since 1985 
official documents [22, 23] require to calculate rred 
through b/i and ǽ, that are parameters determined 
from semi logarithmic anamorphosis of PBC, and 
use Skin-factor S = ln(rw/rred) (instead of 
Shchurov’s coefficients) that is numerically not 
equal to calculated by formula (2) but reliable in 
terms of virtual physical nature. These changes 
were confirmed by later [24] domestic guidelines.  
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Unfortunately, even this version of a parameter 
that characterise a state of BHFZ showed its 
inefficiency shortly. Indeed, having its design 
values varying in the range 0-0.01 cm, real 
throughput of a pipeline or any well, is reset to 
zero a reservoir fluid. In this case, reduced radius 
rred together with a virtual well becomes 
meaningless. In the opposite case, when calculated 
reduced radius of tested wells approaches to size of 
radius of their feeding zone (and exceeds it 
sometimes) meaningless objects are obtained 
again. And again we go beyond the well-known. 
Neither virtual nor real physical objects can be 
meaningless (nonsense). 

Reduced radius and a virtual well become 
meaningless objects. In the opposite case, when a 
calculated reduced radius of tested wells 
approaches to size of radius of their feeding zone 
(and exceeds it sometimes) then again from virtual 
ones we get meaningless objects. We go beyond 
the well-known again. Neither virtual nor real 
physical objects can be meaningless (nonsense). 

Despite this fact, incredible values of skin 
factor and reduced radius of production wells 
continue to appear in report technical 
documentation and data banks for control of field 
development, which puzzle engineering and 
technical staff of the oil fields. 

Recently, there are in some publications [25, 26] 
new computational operations are proposed as 
methods of overcoming a still urgent challenges. 
Those operations increase accuracy of 
determination of above parameters that evaluate 
BHFZ state. However, since the virtual essence of 
parameters in such works remains unchanged 
efficiency of well operation cannot be increased this 
way. In this case dynamics of comparative estimates 
of real physical objects has a practical value. 

Upgrade of the method for determination 
of BHFZ state 

An araised issue can be solved at more careful 
analysis of modern theoretical bases of 
development of oil fields. For example, there are 
two main factors recognized by oil field personnel 
among objective factors characterizing well design 
and complicating movement of fluid between a 

productive formation and wells. Those factors are 
surface area of a drainage system (i.e. well radius 
as the best case) and value of hydrodynamic 
resistance of BHFZ as a formation filter. [27]. At 
the same time, modern guidelines recommend to 
use only generalized characteristics of the object of 
interest. Therefore, for more correct and clear 
understanding of structure of BHFZ it is advisable 
to use quite correct parameters, physical essence of 
which corresponds to real design of wells and 
properties of a productive reservoir. Obviously, 
such parameters should include a specific surface 

of a drainage system (SSDS) of a well **
redr  and S 

which represents dimensionless hydrodynamic 
resistance of its formation-drainage filter (FDF). 
Among the parameters presented in formula (1), S 
includes a number of parameters characterizing 
constantly changing properties of a reservoir 
continuum, including velocity of the fluids, their 
composition, properties, pressure in BHFZ etc. 
Their magnitude determine constantly changing 
size and throughput properties of a filter. In case of 
positive values of S parameter, resistance of BHFZ 
increases in comparison with a reservoir value, 

which is equal to ln(R/ **
redr ), while for negative 

values it decreases on contrary. 
The method for determination the parameter 

does not require special explanation, since it is 
specified by relevant guidance documents [11]. 
The most probable filter size is calculated in 
accordance with [28-30]. 

An ideal understanding of the physical essence 
and magnitude of the first parameter can be obtained 
by considering results of the initial full opening of a 
productive formation. In this case, part of the real 
wellbore located in a productive formation is its 
drain. A part of a lateral surface of the drain i.e. 
borehole area surface that belongs to length of the 
drain, is the required quantity. Obtained SSDS (cm), 

corresponds to a reduced well radius **
redr , which is 

relative reduced in 6.28 times by quantitative 
characteristic of this parameter. The physical essence 
of the parameter will not change in front of other 
methods of opening a productive formation for its 
drainage as well. Its magnitude varies only. 
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Determination of SSDS can be performed 
through generally known Dupuis formula if well 
productivity index is a function instead of well 
production rate.  

 K = 2πέ / ln(R/ *
redr ).  (3) 

All the constituent parameters of this formula 

except redused well radius *
redr  are determined 

expirementally. As a result of well test using 
constant rate method K is determined before a well 
was stopped for PBC; έ (formation conductivity) is 
determined by PBC, R parameter is determined as a 
half of length between wells in a network, i.e. well 
influende area in accordance with head documents. 
Equation is solved in respect to an unknown 

parameter. Then analogous parameter of redr  was 

determined earlier by PBC. In accordance with the 
requirements of RD 153-39.0-109-01 [12], 
corresponding parameters of S* and S are calculated 
for obtained reduced radii. Such calculations were 
performed based on results of study of 20 wells at 
11 fields of Perm region. Fig. 1 a shows the graph 
of the relationship between the results obtained.  

It is seen from the chart that S* has 
systematically higher values in all the range of 
values. That can be caused by the effect on 
calculation of different reservoir coditions that is 
common for different methods of well test. The 
parameter S* is determined based on results of test 
of working wells, i.e. in conditions of speed fluid 
movement in BHFZ. The parameter S is 
determined in all other wells, i.e. with no analogue 
fluid movement in BHFZ. Here, in accordance 
with Shchurov’s theory it is possible to write an 
equation S* = S + С, where a parameter С reflects 
a value of additional hydrodynamic resistance that 
appear in BHFZ when flud moves. It is clear that 
those resistances are located in an BHFZ, which is 
as close as possible to drane wall where the 
maximum speeds are concentrated. Hydrodynamic 
resistances inside the drain are negligible. 
Moreover, it has to be noted that BHFZ in terms of 
time is not included in information field of PBC. 
Now, using obtained values of С in accordance 
with head documents it is possible to determine **

redr  
(true reduced well radius) that represent a value 
proportional to SSDS. If С = 0 then **

redr = rw. 

 

Fig. 1. Dependencies between: a – S values,  
determined by different methods of well test;  

b – productivity and reduced wellbore radius for PBC;  
c – productivity and true reduced radius of wells 

To assess a degree of influence of two reduced 
radii on productivity of wells we use its 
dimensionless analogue as a function. Specific 
coefficient of productivity is a part of the 
coefficient calculated by a method of constant rates 
per unit of hydraulic conductivity of a formation, 
determined by PBC. Unfiltered results of 
calculations performed for 15 wells, 7 deposits and 
13 fields of Perm region are shown in Fig. 1, b, c. 

The graphs show existence of logical 
relationships between the parameters studied, but 
the nature of these relationships is not the same. 
So, with increase in values of parameters at initial 
sections of the graphs, a similar dynamics of their 
productivity is observed, which corresponds to 
requirements of theoretical basis (3). This trend is 
maintained in the second case with their further 
increase in the second version (see Fig. 1, c), while 
the first case is reversed (see Fig. 1, b) which 
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contradicts (3). Another negative characteristic of 
this case is a zero value of the parameters. Well 
productivity in this case in accordance with the 
formula (3) should not be equal to zero as well, but 
this is not the case shown in Fig. 1, b. The third 
negative sign for the first sample is observed on X-
axis of the graphs. With a real well radius of about 
10 cm, these values, shown in Fig. 1, b, are 
unlikely to appear. More real are the figures shown 
in Fig. 1.  

Presented analysis allows to propose reduced 
well radius, called true (actual), to use for practical 
purposes. It corresponds to SSDS and can deviate 
within a reasonable range from the actual radius of 
wells, reflecting either blockage of its drainage 
systems or formation of new penetrating 
(infiltrating) surfaces. There is no changes in terms 
of internal dimensionless hydrodynamic resistance 
of a well, except for a virtual cover film which is 
not considered anymore. S value is simply added to 
analogous resistance of a well drainage system. 

To verify the efficiency of proposed 
specifications it was necessary to calculate well 
flow rates using the Dupuyi's formula with 
substitution of the above parameters into it and 
compare with real rates. Herewith, in the first case 
when performing calculations in a denominator 

(3), we use a parameter lnR/rred and (lnR/ **
redr  + S) 

in the second case. Fig. 2 shows results of 
comparison of the rates calculated according to the 
first case for 15 studied wells. 

 
Fig. 2. The ratio of well flow rates  

measured and calculated 

 
Rates of the same wells calculated according to 

the second case of the Dupui's formula are not 
represented graphically, because they are identical 

to those obtained as a result of measurements. It is 
clear that this case of calculations has real 
advantages.  

An example of practical use  
of allocated characteristics of BHFZ 

In order to use recommended parameters of 
BHFZ it is offered to evaluate how they affect well 
productivity. In the Fig. 3 below such an 
evaluation is made on example of the six-time test 
of well 182 of Ariazhskoe field, which gives 
almost no water in its production. 

 

Fig. 3. Dynamics: а – SSDS; b – S;  
c – hydraulic conductivity; d – well productivity  

Fig. 3, d shows that there is 5 % increase in 
well productivity index at the first period of 
operation. However, hydraulic conductivity of a 
reservoir (see Fig. 3, c), which directly affects a 
value of this coefficient, at the same time 
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decreases by 65 %. At the same time, a degree of 
cleaning of FDF is increased by 60 % (see Fig. 3, 
b) and well SSDS is increased in 3 times (see Fig. 
3, a). As we can see, positive dynamics of the last 
two factors neutralized negative impact of 
decreased fluid-conducting properties of the main 
productive reservoir on well productivity. After 
analysis of the penultimate period of operation in 
the same way it is easy to see that at this stage 
decrease in well productivity was mainly caused 
by a decrease in an area of its drainage system. In 
other words there was a blockage of BHFZ walls 
of virtual well bore.  

Another example is shown in Fig. 4, where you 
can see results of stimulation on five randomly 
selected wells. First two wells drilled clastic 
reservoir, others drilled carbonate one. Wells are 
located on four fields of Perm region. 

According to the charts built from results of 
well test before and after stimulation the most 
successful is a technology used in the second well 
(injector) and the fourth (producer). Rather 
intensive stimulation of remote part of reservoir 
caused contamination of a reservoir filter in the 
first well. A negative result in the third 

production well was obtained mainly due to 
blockage of a surface of a well drainage system, 
despite the slight purification of its filter. There is 
a small positive effect obtained in the fifth well 
(producer) mainly due to cleaning of a formation 
drainage filter; a remote reservoir zone was 
contaminated largely; well drainage system is 
partially blocked. In case of no data on 
parameters of stimulation technology it is 
impossible to give recommendations regarding 
violations that reduced efficiency of stimulation.  

In order to have detailed understanding about 
changes occurred after stimulation in the zone of 
a formation drainage filter of wells a 
graphoanalytical method to study formula (1) 
with substitution of previously found values into 
it. The most probable changes in extreme 
numerical values of physical parameters that 
determine S value are shown in Fig. 5.  

The figure shows that in our case of negative 
initial values of the parameter S, the change in 
external dimensions of the FDF after stimulation 
affects the change in its hydrodynamic resistance 
more significantly than the dynamics of 
throughput. 

 

Fig. 4. Influence of properties of RFZ and BHFZ on results of stimulation in five wells:  
a – relative increase in well productivity index; b – effect of formation hydraulic conductivity, %;  

c – impact of well SSDS, %; d – effect of hydrodynamic resistance FDF, % 
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Fig. 5. Relative change in characteristics that determine the value of S after well stimulation:  
a – hydraulic conductivity of FDF, %; b – size of FDF, % 

Thus, having received a package of proposed 
information on the state of BHFZ, including well 
SSDS (specific surface of drainage system) and 
parameter S (hydrodynamic resistance of its FDF), 
field technology service can easily choose most 
optimal stimulation regime with calculated 
expected increase in well productivity. Chosen 
technology determines the type of agent, its 
amount, location of implementation in a well, 
pumping regimes, maintaining and removal and 
will be passed either to cleaning or artificial 
increase of well drainage surface system or 
decrease of hydrodynamic resistance of its 
formation drainage filter or combined influence. In 
any case, second well tests will show which real, 
rather than virtual, well parameters have been 
changed and by what value. 

Conclusion 

1. It is established that a single generalized 
characteristic of BHFZ state in each well makes it 
difficult to select parameters of a technology for 

stimulation of BHFZ in order to increase efficiency 
of well operation. 

2. The technique for differentiating 
evaluation of BHFZ state is suggested.  
That includes determination of a specific  
surface area of well drainage system and values  
of hydrodynamic resistance of a formation 
drainage filter. 

3. Based on the example of results of 
systematic well tests possibilities of using the 
proposed characteristics of BHFZ are shown to 
identify reasons of change in productivity of a well 
that is operating for a long time. 

4. Based on results of well tests conducted 
before and after stimulation, possibilities of using 
above mentioned parameters to determine reasons 
for decrease in efficiency of implemented 
technologies are shown.  

5. The main directions of differentiated 
approach to planning of stimulation technology for 
specific bottomhole conditions for each well are 
indicated.  
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