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Abstract 
Partial completion processes of wells have been utilized by petroleum engineers for many years to 
prevent gas and/or water from coning in production wells. However, this technique results in an extra 
pressure drop, known as pseudoskin, which has an effect on well productivity.  A detailed assessment 
of this extra pressure drop is critical to fully recognizing the presence of formation damage in pay zones 
that are producing with partial penetration. This investigation's objective is to present a simple 
empirical correlation that could be utilized in forecasting the skin factor due to limited entry. In this 
study, we investigated the presented model and the available models for assessing pseudoskin factors 
that were presented in the literature. Computer programs were developed to implement the chosen 
literature models. Subsequently, with an emphasis on producing wells, a sensitivity analysis was 
performed. The effects of formation thickness, vertical and horizontal permeabilities, borehole size, 
and the length of the perforating interval, as well as the elevation from the centre of the perforating 
interval to the end of the formation, were studied. It is proven that regardless of where the open 
interval is located, the presented equation shows adequately accurate estimations of the pseudo skin 
factor. 
Keywords: Pseudoskin factor; Near-wellbore region; Completion efficiency; Partial completion. 

1. Introduction

Well penetration is the joint distance between the borehole and the production zones of the
reservoir. In several situations, the perforations of a borehole do not match the reservoir's full 
thickness. Such cases are described as partial penetration or restricted entry. In a restricted 
entry borehole, the flow path is compelled to converge perpendicularly in the direction of the 
perforations. Flow pattern distortion causes fluids to travel a longer distance. A situation of 
this type leads to an additional pressure drop added to the one caused by uniform radial flow 
in the case of a totally penetrating borehole. Generally, this further pressure drop caused by 
a restricted entry can be described by a measure referred to as the "pseudo skin." When the 
pseudo-radial flow starts, this pseudo skin is a time-independent variable [1]. Several authors have 
investigated the restricted entry problem and its effects on the pressure response and produc-
tivity loss. An infinite series is the analytical solution to this restricted entry problem. This solution 
necessitates the use of a computer programme and requires time to complete. The goal of this 
research is to use a commercial simulator (Eclipse) to obtain pseudo skin data and introduce 
a simple correlation of this factor to reduce calculation time. The next sections of this work 
address the dimensionless variables that analytical solutions are dependent on, the author's 
methodologies through a literature review, the method for getting pseudo skin factor data, 
using regression analysis to develop a simple correlation for the limited entry skin factor and 
sensitivity analysis using the developed correlation and five approaches chosen from the literature. 

2. Definition of dimensionless variables

The equations utilized in this study to compute the skin factor due to limited entry will be
described in the following section. These equations are valid for single-phase fluid flow with 
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low compressibility and constant viscosity. The vertical permeability is assumed to be different 
from the horizontal permeability in all mathematical models. The top and bottom of the res-
ervoir are assumed impermeable, and gravitational effects are ignored. The pseudoskin factor, 
Sp, is only dependent on the dimensionless variables b, hD, and huD, indicated in Fig. 1 based 
on the assumptions given above.  
𝑏𝑏 = ℎ𝑝𝑝

ℎ𝑡𝑡
                                 (1) 

ℎ𝐷𝐷 = ℎ𝑡𝑡
𝑟𝑟𝑤𝑤
�𝑘𝑘ℎ
𝑘𝑘𝑣𝑣

                               (2) 

ℎ𝑈𝑈𝐷𝐷 = ℎ𝑈𝑈
ℎ𝑡𝑡

                                  (3) 

where hp, ht, rw, kv, kh, and hu denote the perforating interval length, the thickness of the pay 
zone, wellbore radius, vertical permeability, horizontal permeability, and the distance between 
the pay zone's top and the perforation's top, respectively. 

 
Fig. 1. Wellbore and formation geometrical parameters. 

3. Literature review 

Muskat investigated a steady-state model for an isotropic and homogeneous reservoir. The 
oil well was partially completed and the start of the perforation is adjacent to the top of the 
pay zone. For the inner boundary condition representation, Muskat considered the oil flow rate 
at the borehole to be uniform, i.e., in every part of the perforated distance, the oil flow rate 
is uniform. The solution he obtained is a function of the interval of the perforated depth. 
Muskat illustrated that the infinite conductivity in which the wellbore pressure stays fixed in 
every part of the completed interval is the most realistic inner boundary condition to model 
the borehole. However, the uniform flow model solution is easily obtained, while the infinite 
conductivity model solution can face many difficulties. Muskat introduced the term "equivalent 
point" at which the solutions of the uniform flow model and the infinite conductivity model are 
identical. He found that the equivalent point occurred at a perforated interval depth of 0.75. 
Muskat illustrated the deduction of an anisotropic solution from the isotropic case [2]. Brons 
and Marting presented a plot of the pseudoskin factor in response to the perforated ratio, b, 
and the thickness of the reservoir in relation to the size of the well, h/rw, as a solution to the 
model of restricted entry in homogeneous and isotropic reservoirs [3]. Kazemi and Seth de-
veloped the Brons and Marting work for the anisotropic situation and the arbitrary location of 
the completed distance. They showed that the solution of an anisotropic case can be obtained 
from the solution plot of Brons and Marting if the term ht/rw is replaced by huD [4]. Odeh  
investigated the perforated interval generic position for steady-state flow considering a uni-
form flux wellbore model [5].  

Odeh introduced a broad view of the solution of Muskat. The solution he presented is plots 
of productivity reduction in response to the geometrical parameters of the perforation. He 
introduced a mathematical equation that facilitates the calculation of the pseudoskin factor [6]. 
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Gringarten and Ramey introduced a new approach to the computation of restricted entry prob-
lems based on the concept introduced by Muskat. They used the infinite conductivity model. 
In their approach, they divided the perforated interval into segments and assumed a uniform 
flux model in each segment. The pressure is constant at all the segments, and the gross flow 
rate is the aggregate of the flow rates from all the segments. Based on this methodology, the 
equation system ought to be solved every time for the flow rate in each segment and the 
pressure at the wellbore. Although their approach is reasonable, it needs a huge computational 
effort to attain the solution and includes complex implementation. They introduced a figure of 
the equivalent point versus hD that was reliable for the situation of the perforation adjacent to 
the top of the reservoir or to the producing zone base. Based on this Fig., the infinite conduc-
tivity solution can be derived from the uniform flux solution [7].  

Streltsova-Adams obtained the solution of the pseudoskin factor for a random location of 
the perforation using a uniform flux model. They considered two situations: first, the highest 
and the bottom of the reservoir are sealed; and second, the reservoir contains a gas cap. To 
remove the effect of pressure variation throughout the perforation, they integrated the uni-
form flow solution to calculate the average pressure at the borehole [8]. Papatzacos used an 
infinite conductivity wellbore model to derive the pseudoskin factor for a generic location of 
the perforated distance. The formula he presented does not include complex implementation [9]. 
Kuchuk and Kirwan investigated a uniform flux model for a partial perforation and introduced 
a pseudoskin factor formula. Also, they illustrated that the infinite conductivity solution is 
attained in accordance with the equivalent point plot, which was introduced by Gringarten and 
Ramey. The formula presented in their work is valid only when the start of the perforations 
begins at the top or bottom of the pay zone [10]. Yeh and Reynolds used a numerical reservoir 
simulator to study the effect of limited flow entry in a multilayer reservoir. For the single layer 
case, they introduced a pseudoskin factor formula for the arbitrary position of the perforated 
distance [11]. Vrbik investigated partial penetration problems using steady state flow and pre-
sented a pseudoskin factor formula. The presented correlation was derived for an incompress-
ible system with consistent flow across the perforation [12-13].  

In a single or multilayered reservoir with cross-flow between layers, Lee revealed how to 
determine the pseudo skin factor value for a well with only a section of the producing interval 
open to flow. A sealed reservoir's long-time pressure distribution is calculated using a pseudo-
steady-state diffusivity equation, which was developed for this method [14]. Abobaker et al. [15] 

investigated partial penetration skin factor using numerical and experimental work. They used 
a radial flow cell (RFC), which was built by Ahammad et al. [16-17] to do twenty-five experi-
mental runs. They injected water into a core sample and measured the pressure drop and 
single-phase flow rate. The water is radially injected within the Darcy flow in the core sample. 
Also, they used ANSYS DLUENT 18.1 for numerical runs. Table 1 lists the five models consid-
ered in this investigation from the literature. 

Table 1. Summary of some studies’ models of pseudo-skin factor. 

Author(s) Equations 
 
(Streltsova-Adams, 1979)[8] 
 

𝑆𝑆𝑝𝑝 =
2

𝜋𝜋2𝑏𝑏2
�

1
𝑛𝑛2

{𝑠𝑠𝑠𝑠𝑛𝑛[𝑛𝑛𝜋𝜋(𝑏𝑏 + ℎ𝑈𝑈𝐷𝐷)]
∞

𝑛𝑛=1

− 𝑠𝑠𝑠𝑠𝑛𝑛(𝑛𝑛𝜋𝜋ℎ𝑈𝑈𝐷𝐷)}2𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠𝐵𝐵𝐵𝐵𝐵𝐵(0,
𝑛𝑛𝜋𝜋
ℎ𝐷𝐷

) 

 
 
(Kuchuk and Kirwan, 1987) 
[10] 

𝑆𝑆𝑝𝑝 =
2
𝜋𝜋𝑏𝑏�

1
𝑛𝑛 sin (𝑛𝑛𝜋𝜋𝑏𝑏)

∞

𝑛𝑛=1

𝑐𝑐𝑐𝑐𝑠𝑠(𝑛𝑛𝜋𝜋𝑧𝑧𝐷𝐷∗ )𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠𝐵𝐵𝐵𝐵𝐵𝐵(0,
𝑛𝑛𝜋𝜋
ℎ𝐷𝐷

) 

𝑧𝑧𝐷𝐷∗ = 0.9069− 0.05499 ln(𝑏𝑏ℎ𝐷𝐷) + 0.003745[ln (𝑏𝑏ℎ𝐷𝐷)]2 
 

 
 
(Papatzacos, 1987) [9] 
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Author(s) Equations 
 
(Yeh and Reynolds, 1989) [11] 𝑆𝑆𝑝𝑝 = �

1 − 𝑏𝑏
𝑏𝑏 � �𝐵𝐵𝑛𝑛�𝐶𝐶/𝑏𝑏(1 − 𝑏𝑏)ℎ𝐷𝐷� − 𝑐𝑐1� 

𝑐𝑐1 = 0.481 + 1.01𝑏𝑏 − 0.838𝑏𝑏2 
 

 
 
(Odeh, 1980) [6] 

𝑆𝑆𝑝𝑝 = 1.35 ��
1 − 𝑏𝑏
𝑏𝑏 �

0.825
[𝐵𝐵𝑛𝑛(𝑟𝑟𝑤𝑤ℎ𝐷𝐷 + 7) − [0.49 + 0.1𝐵𝐵𝑛𝑛(𝑟𝑟𝑤𝑤ℎ𝐷𝐷)]𝐵𝐵𝑛𝑛(𝑟𝑟𝑤𝑤𝑤𝑤) − 1.95]� 

𝑟𝑟𝑤𝑤𝑤𝑤 = 𝑟𝑟𝑤𝑤𝐵𝐵𝑒𝑒𝑒𝑒[0.2126(𝑧𝑧𝑚𝑚𝐷𝐷 + 2.753)] 

𝑧𝑧𝑚𝑚𝐷𝐷 = ℎ𝑢𝑢𝐷𝐷 +
𝑏𝑏
2 

In the Yeh-Reynolds equation, the perforating interval position and the perforating ratio, b, de-
termine the quantity C'. Once the perforating period occurs at the structure’s top or bottom, 
C' = 2. We have C' = 1 when the formation's perforating interval occurs in the middle. In other 
cases, it is necessary to calculate the value of C' using a figure from Yeh and Reynolds [11]. An 
artificial neural network (ANN) model has been developed in this study to estimate the value of C'. 

4. ANN model development for C' 

An ANN is a type of optimization tool that predicts an object's best performance given a set 
of input datasets. An ANN usually has one or more hidden layers, as well as an input and an 
output. Several processing elements are included in each layer (called neurons). By using 
connecting parameters (called weights), the neurons in each layer are connected to the neu-
rons in the next layer [18-22]. 

The chart data was utilized to create a feed-forward neural network model with back-propagation 
training. 70% of the data was utilized in the training phase to reduce mean square error (MSE), 
while the remaining 30% was used to test and confirm the model's dependability and accuracy. 

4.1. Model architecture 

The model consists of three layers: an input layer with one input, a hidden layer with five 
neurons that employs the Tan-sigmoid function as a transfer function, and an output layer 
with one estimated C' output. The architecture of the ANN model is shown in Table 2. Table 3 
illustrates Input and hidden layer weights and biases, and biases and weights between the 
hidden and output layers. 

Table 2. ANN model architecture and parameters. 

Component Value 
Layers Count 3 
The number of neurons in the input layer 1 
The number of neurons in the hidden layer 5 
Training algorithm Levenberg-Marquadrt 
The hidden layer's activation function Tan Sigmoid 
The output layer's activation function Pure-linear 

4.2. Mathematical model description 

For i = 1 to no of neurons, the hidden inputs are calculated using the following expression: 
𝑆𝑆𝑖𝑖.1 = ∑ �𝑤𝑤𝑖𝑖,1𝑒𝑒� + 𝑏𝑏𝑖𝑖5

𝑖𝑖=1                              (4) 

x: 𝑠𝑠𝑛𝑛𝑒𝑒𝑖𝑖𝑖𝑖, 𝑛𝑛𝑐𝑐𝑟𝑟𝑛𝑛𝑛𝑛𝐵𝐵𝑠𝑠𝑧𝑧𝐵𝐵𝑛𝑛 of 2∆𝑧𝑧𝑢𝑢
1−𝑏𝑏

. 
The normalized values can be obtained using the following expression: 

x = 2*(x – x(min))/(x(max)-x(min))-1                    (5)   
The following formula can be used to compute C': 

C′ = 0.5 ∗ �∑ 𝑤𝑤𝑖𝑖,25
𝑖𝑖=1 � 2

1+𝑒𝑒−2𝑆𝑆𝑖𝑖.1
− 1� + 𝑏𝑏2 + 1� + 1                  (6) 
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Table 3. Input and hidden layer weights and biases 

Neuron # wi,1 bi,1 Wi,2 b2 

1 1.893549 -15.3063 36.13444 -0.57307 
2 0.043486 9.095388 -47.2234 

 

3 8.965245 11.82367 -78.9215 
 

4 -1.11017 -3.02243 35.06231 
 

5 64.97845 -137.169 -196.899 
 

5. Pseudoskin factor calculation approach 

From the interpretation of well test, the total skin factor can be acquired by the following 
equation [23]:  
𝑠𝑠𝑡𝑡 = 𝑠𝑠𝑝𝑝 + 𝑆𝑆

𝑏𝑏
                          (7) 

where St, S, Sp, and b symbolize the total skin, mechanical skin, pseudoskin caused by re-
stricted entry, and the proportion of perforated to total reservoir thickness, respectively.  

The total skin factor, as determined by the preceding equation, is the sum of the effects of 
the pseudo skin factor and the real skin, as a result of damage or stimulation. The petroleum 
engineer can obtain the total skin from well test pressure data and also estimate the pseudo-
skin factor using a correlation. Then real skin can be estimated to determine if the well needs 
stimulation or not. The dimensionless bottomhole pressure, PwD, and dimensionless time, tD, 
can be described by the following equation: 

𝑒𝑒𝑤𝑤𝐷𝐷 = 𝑘𝑘 ℎ �𝑝𝑝𝑖𝑖−𝑝𝑝𝑤𝑤𝑤𝑤�
141.2 𝑞𝑞 𝜇𝜇

                               (8) 

𝑖𝑖𝐷𝐷 = 2.637∗10−4 𝑘𝑘 𝑡𝑡
∅ 𝑤𝑤𝑡𝑡𝜇𝜇 𝑟𝑟𝑤𝑤2

                              (9) 

If the pay zone is completely perforated, such that the length of the open interval, hp, is 
equal to the total pay zone thickness, ht, then a plot of dimensionless bottomhole pressure, 
pwD, versus dimensionless time, tD, on semilog coordinates shows a slope of 1.151straight line, 
as displayed by the lowest line in Fig. 2. 

 
Fig. 2. Restricted entry well dimensionless pressure drop in a single layer reservoir. 

For a partially perforating well, a plot of PwD versus tD still shows a slope of 1.151 straight 
line on semilog coordinates; see the middle line in Fig. 2. This semilog straight line was moved 
up from the one acquired in the whole perforation case by a fixed quantity for particular prop-
erties of the reservoir and the ratio of the interval of the perforation to the pay zone thickness, 
b. The complete penetration and partial penetration cases assume that the real skin factor is 
equal to zero; that is, no damage or stimulation. Supposing the model has been damaged 
close to the wellbore region, then the plot of PwD versus tD still shows a slope of 1.151 semilog 
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straight line on semilog coordinates as displayed by the highest line in Fig. 2. On the other 
hand, the amount by which this semilog straight line has moved up from the one that happens 
for the whole perforation represents the total skin factor, St. Then the pseudoskin factor rep-
resents the difference between the complete penetrating case and the restricted entry one. 

6. Numerical simulation 

Two cases are considered in this study; the first case is where the perforation interval starts 
from the pay zone's top. The perforation interval can be located anywhere between the crest 
and end of the pay zone in the second case. Table 4 illustrates the basic parameters inputted 
in the numerical simulator. 

Table 4. Basic parameters inputted in the numerical model. 

Parameter Value Parameter Value 
Wellbore radius, ft 0.333 Sand-face  production rate, bbl/D 100 
Reservoir Porosity 0.2 Initial pressure, psi 5000 
Permeability in radial direction, mD 100 Oil viscosity, cp 5.9 
Permeability in theta direction, mD 100 Rock compressibility, psi-1 0.000004 
Permeability in vertical direction, mD 36.07232 Oil formation volume factor, bbl/STB 1.1 

6.1. Open interval at top 

We consider here the case where the open interval’s top is adjacent to the formation’s top 
boundary, as shown in Fig.3.  

 
Fig. 3. Single layer reservoir. 

Using a commercial reservoir simulator 
(Eclipse), an oil phase model with the following 
assumptions has been developed: 
• Constant viscosity and small compressibility. 
• The sand face flow rate is a constant at the 

wellbore. 
• Well is positioned at the centre of a cylindrical 
• The model is homogenous and has a uniform 

thickness. 
• Horizontal permeability differs from vertical 

permeability. 
• The pay zone’s top and bottom are sealed. 
• The start of the perforation is close to the top 

of the reservoir. 

From all the analytical solutions in the literature, the pseudo skin factor is dependent on 
the total reservoir thickness, open interval length, well radius, horizontal permeability, and 
vertical permeability. These independent variables were grouped into two dimensionless num-
bers, b and hD. To obtain the data to develop the pseudo skin factor correlation, b was as-
sumed to take the values of 0.025, 0.05, 0.075, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9, and 0.95, while hD takes the values of 50, 100, 250, 500, 1000, 2500, 5000, 10000, 
25000, and 50000. These ranges should encompass virtually all cases of practical interest. 

6.1.1. Example calculation 

Two simulation runs were carried out to obtain a single value of skin factor due to limited 
entry. The first run in which the open interval length is equal to the total pay zone thickness 
(complete penetration). The second run, in which the open interval length is equal to 0.1 of 
the formation thickness (partial penetration, b=0.1), therefore, the pseudo skin factor is the 
difference between the second run and the first one. The following Figure show this approach. 
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Fig. 4. Pseudo skin factor calculation. 

This process is repeated for each value of b 
for all values of hD, and then we used regres-
sion analysis to correlate the results to get a 
simple equation of pseudo skin factor. The 
concept of regression analysis is to minimise 
the error between the calculated pseudo skin 
factor from the equation and the measured 
one from the simulation. It has been noted 
that there is a linear relationship between 
pseudo skin factor, Sp, and hD on a semilog 
scale. A number of 140 data sets collected 
from simulation runs were used to establish 
the following correlations. 

𝑆𝑆𝑝𝑝 = 𝑛𝑛 𝐵𝐵𝑛𝑛(ℎ𝐷𝐷) + 𝑐𝑐                         (10) where  

𝑛𝑛 = 0.937
𝑏𝑏

− 0.8274                         (10a) and 

𝑐𝑐 = 0.001
𝑏𝑏3

− 0.0804
𝑏𝑏2

− 1.27
𝑏𝑏

+ 1.4346                                (10b)  

6.2. Arbitrary location of the open interval 

In this case, we consider the single-layer case where the location of the open interval is 
arbitrary. The reservoir geometry for this case can be obtained from Fig.5 by setting the 
geometrical properties such as porosity, horizontal and vertical permeabilities to be the same 
for all layers [11]. This system allows us to move the open interval up and down along the 
reservoir. 

 
Fig. 5. Three layers reservoir. 

When the perforating interval is next to 
the top of the perforation, the maximum 
pseudo skin factor occurs, and when the cen-
tre of the perforating interval corresponds 
with the centre of the formation, the mini-
mum pseudo skin factor occurs. In this work, 
this comment was used to introduce a cor-
rective graph to the developed pseudo skin 
factor correlation. 

To investigate the influence of the open 
interval's arbitrary position on the value of 
the pseudo skin factor, b and hD were con-
sidered to be the same as in the previous 
scenario. The distance between the reser-
voir's top and the perforation's top, hU, (for 
example, when b = 0.1), has values of 0.01,  

0.03, 0.05, 0.1, 0.2, and 0.45. The pseudo skin factor is calculated in the same way as in the 
previous case. A total of 780 data sets have been collected from simulation runs to introduce 
the following correction graph (Fig. 6). As a result, the presented correlation has the following form: 
𝑆𝑆𝑝𝑝 = 𝑛𝑛 𝐵𝐵𝑛𝑛(ℎ𝐷𝐷) + 𝑐𝑐 − ∆𝑆𝑆                        (11)  
where m and c do not change, and ∆𝑆𝑆 can be obtained from the following Figure 6. 

Fig. 6 assumes that,ℎ𝑈𝑈 = ℎ𝐿𝐿  and ∆𝑧𝑧 = ℎ𝑈𝑈
ℎ𝑡𝑡

 to present our correlation for predicting ∆S. When 

the top of the perforation is next to the formation’s top, hU =0, ∆z =0, and Fig. 6 shows that 
∆S =0. Fig. 6 displays that for any perforation ratio, maximum ∆S is achieved when the center 
of the open interval is next to the formation centerline, that is, when ℎ𝑈𝑈 = ℎ𝐿𝐿and 2∆z (1-b) = 
1. When using Fig. 6 to estimate ∆S, ∆z should be defined as ∆𝑧𝑧 = ℎ𝐿𝐿

ℎ𝑡𝑡
  if ℎ𝑈𝑈 > ℎ𝐿𝐿. 
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Fig. 6. Correlation for correction of pseudo-skin arbitrary location. 

7. Results and discussion 

A sensitivity analysis of the problem of estimating the skin factor due to limited entry for a 
vertical oil well is described in this section. A spider plot is utilized to accomplish this target. 
There are two main scenarios to examine, as shown in Table 5.  

Table 5. Sensitivity analysis bas-cases. 

Parameter ht, ft hp, ft kv, mD kh, mD rw, ft hU, ft 
Base-case 1 40 5 60 120 0.3 0 
Base-case 2 40 5 60 120 0.3 10 

The perforated distance is poisoned near the crest of the pay zone in the first-case sce-
nario.  The perforated distance in the second-case scenario can be placed anywhere on the 
producing formation between the top and bottom. The mean of the pseudo skin factors gen-
erated from the presented correlation and the five chosen models is used to perform the 
sensitivity analysis for all correlated variables. The spider diagrams show how pseudo skin 
factors are affected by geometry-related parameters (ht, hp, rw) and reservoir attributes (hor-
izontal and vertical permeabilities) (Figs. 7 and 8).  

  
Fig. 7. Base-case 1 spider plot. Fig. 8. Base-case 2 spider plot. 

Tables 6 and 7 illustrate the sensitivity dependency gradients for all six methods. It is 
obvious that the presented correlation shows the same trend of dependency slopes for all 
correlated parameters as the five chosen models. The pseudo skin factor is clearly responsive 
to the thickness of the pay zone, followed by the length of the perforated interval on a sec-
ondary level. 
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Table 6. Pseudo-skin factor change rate- Base Case 1.  

Parameter Yeh-Reynolds Odeh Papatzacos Streltsova Kuchuk-Kirwan This study 
ht 21.15 19.20 21.15 22.05 20.45 21.85 
hp -14.45 -13.95 -14.48 -15.88 -13.45 -15.50 
rw -6.87 -5.57 -7.03 -6.73 -7.33 -6.47 
kh 3.60 2.94 3.58 3.40 3.66 3.40 
kv -3.62 -3.00 -3.53 -3.43 -3.73 -3.42 

Table 7.  Pseudo-skin factor change rate- Base Case 2.  

Parameter Yeh-Reynolds Odeh Papatzacos Streltsova Kuchuk-Kirwan This study 
ht 16.50 19.25 17.45 17.45 _ 17.70 
hp -8.85 -13.65 -10.05 -8.70 _ -11.00 
rw 3.56 2.90 3.58 3.24 _ 3.40 
kh -3.62 -2.98 -3.62 -3.28 _ -3.45 
kv -7.07 -5.60 -7.07 -6.40 _ -6.70 
hu -0.58 -0.30 -0.52 -0.55 _ -0.60 

7.1. Comparison of models 

For each of the models previously mentioned, the pseudo-skin factor due to limited entry 
was computed. The following parameters were used to compare the pseudo skin: the perfo-
rated interval, hp, the position of perforating interval, ZmD, the formation thickness, ht, the 
horizontal and vertical permeability, kh, and, kv, and the wellbore radius, rw, (Figs. 9 to 14).  

  
Fig.9. Pseudo-skin versus perforation interval 
(Base-case 1). 

Fig.10. Pseudo-skin versus pay zone thickness 
(Base-case 1). 

These graphs show a pattern that says, given the identical data input, the Streltsova for-
mula yields a greater pseudo skin factor value, on the other hand, the Odeh method produces 
a lower pseudo skin factor value. Fig. 9 displays the responses of the six models to changes 
in hp. The rate of change in Odeh's solution is the least. When hp approaches the whole for-
mation thickness, ht, there will be no pseudoskin as expected. This indicates that the mechan-
ical skin equals the total skin in this scenario and may be determined using typical well test 
procedures. Fig. 10 shows how the formation thickness has a significant impact on the pseu-
doskin value. Due to the restricted flow, a great pay zone thickness with a small perforated 
interval will result in a great pressure decrease. This is similar to the movement of fluid via a 
small-diameter conduit. Two situations for ZmD are evaluated, the borehole segment that has 
been prepped for production is placed at the crest of the pay zone, and a perforating interval 
can be placed anywhere between the crest and end of the producing formation. 
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Fig. 11. Ratio of pseudo-skin to permeability 
(Base-case 1). 

Fig. 12. Pseudo-skin versus wellbore radius 
(Base-case 1). 

 

  
Fig. 13. Pseudo-skin versus ZmD (Base-case 1). Fig. 14. Pseudo-skin versus ZmD (Base-case 2). 

Figs. 11 and 12 indicate that the pseudo skin factor value grows as the the ratio of anisot-
ropy (kh/kv) increases, while it reduces when the wellbore radius value increases. Fig. 13 
represents the same trend as Fig. 9 for the first case. ZmD is the function of hp when hU is 
fixed, therefore this is understandable. Once the perforating interval varies from crest to end, 
the presented correlation and the five models' pseudo skin result at a fixed amount. In the 
second situation, the variable for ZmD is the perforating position. As shown from Fig. 14, the 
minimum value of the pseudo skin factor lies at ZmD = 0.5. This is for the presented correla-
tion and the models from the literature. This means that, the centre of the perforating interval 
coincides with the centre of the formation. As well as the value of the pseudo skin factor at 
the top of the formation equaling the value at the bottom of the formation. Except for Kuchuk 
and Kirwan, all of the models reveal the same trend for ZmD. 

8. Conclusions 

This paper has highlighted the importance of the estimation of pseudoskin factor to answer 
the two practical questions: a) How much oil will be loss due to restricted-entry; and, b)  

A straightforward method for generating pseudoskin factor data for a vertical oil well par-
tially completed in a single layer reservoir was introduced. A simple correlation was proposed 
to estimate such pseudoskin factor. The correlation applies when the perforating interval 
placed in the pay zone between the top and bottom. The presented correlation covers a data 
wide range to encompass virtually all cases of practical interest and showed a good match in 
comparison to the literature correlations. A sensitivity analysis was carried out, as well as a 
model comparison. The total pay zone thickness affects the pseudoskin factor more than any 
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other variable, followed by the length of the perforating interval. The Streltsova formula pro-
duces the biggest pseudoskin factor values, whereas the Odeh formula produces the smallest 
pseudoskin factor values. 

Nomenclature 

b  Dimensionless variable, defined by Equation (1) 
ct        System compressibility; psi-1 
hL Distance to the perforating interval from the bottom of the pay zone, ft 
hU Distance to the perforating interval from the crest of the pay zone, ft 
hD Dimensionless variable, defined by Equation (2) 
hp  Perforating interval thickness; ft 
ht Pay zone thickness; ft 
k  Absolute permeability; mD 
kh  Horizontal permeability; mD 
kv  Vertical permeability; mD 
pi Initial pressure, psi 
PwD Dimensionless variable, defined by equation (5) 
pwf Wellbore flowing pressure, psi 
q Sand face flow rate, RB/D 
rw Wellbore radius; ft 
rwc Corrected wellbore radius, Odeh equation; ft 
S Mechanical skin (formation damage); dimensionless 
Sp Pseudoskin dimensionless variable 
St Total skin; dimensionless 
t Time, hours 
tD Dimensionless variable, defined by equation (6) 
ZmD Dimensionless variable, Odeh equation 
Φ porosity; fraction 
µ viscosity; cp 
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