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ABSTRACT 

Production wells that have penetrated low-permeability reservoirs do not provide adequate oil production due 

to the degraded condition of the near-wellbore zones of the reservoir. Objective assessment of the condition of 

the near-wellbore formation zone of exploration and production wells by determining the magnitudes and 

values of skin effects using well tests allows timely implementation of measures to increase the productivity of 

wells and oil production. 

In this article, the following aspects of difficult-to-recover oil production were examined: 

- The analysis of the dependence of well productivity on the magnitude and significance of the skin effect, in 

order to assess the condition of the bottomhole formation zone for further planning and implementation of oil 

and gas inflow stimulation measures; 

- The influence of the magnitude and significance of the skin effect on the condition of the bottomhole 

formation zone on the experience of developing exploration wells penetrated into low-permeability formations 

in the fields of Western Siberia; 

- Criteria (based on the value and magnitude of the skin effect) for selecting methods of stimulating the 

bottomhole formation zone to increase the productivity of low-rate wells. 

Keywords: Skin factor, Bottomhole zone, Well productivity, Flow rate, Repaired wells, Low permeability. 

I. INTRODUCTION 

One of the most common methods of assessing the condition of the bottomhole zone is to determine the skin 

factor. The skin factor, or in other words, the skin effect, is a dimensionless complex indicator that characterizes 

the additional pressure losses for a hydrodynamically sound well in the adjacent formation zone. It is generally 

assumed that positive values of the skin factor are characteristic of the condition of the near-wellbore zone, 

which is deteriorated in relation to the distant part of the formation, negative - for the improved one. In 

particular, when repairing wells, the skin factor is usually a negative value [1-3]. 

The skin factor is determined when processing well test data in transient mode with the construction of 

pressure build-up curves (PBU)[4-6]. 

In the paper [7], the following formula was proposed to determine the value of skin effect, 

𝑆 = 1,151 [
∆𝑃𝑤𝑓

(𝑡)

𝑖
− log(𝑡) − 𝑙𝑜𝑔

æ
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Where t is the time after shut-in the well, corresponding to any point of the straight section on the PBU, s; ΔPwf - 

increase in bottomhole pressure after shut-in the well, corresponding to time t, kgf / cm2; i - the slope of the 

straight section of the PBU; rw is the radius of the borehole along the bit, m; ӕ - coefficient of pressure 

diffusivity, cm2 / s. 

The coefficient of pressure diffusivity is determined for a distant formation zone according to the formula 

proposed by VN Shchelkachev [8-10]. 

æ =
𝑘
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Where βf and βm are the coefficients of compressibility of the fluid and formation; β * - is the coefficient of 

reservoir elasticity, Pa-1; ϕ - effective porosity, unit fraction; μ - dynamic viscosity, Pa .s. 
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The value of the skin factor determined by formula (1) characterizes the total pressure loss in the near-

wellbore zone caused by a change in permeability in the bottomhole formation zone and the hydrodynamic 

imperfection of the wellbore [11]. 

Van Everdingen and Hurst [12,13] proposed the following expression for the elastic regime equation 

considering the skin factor: 

∆𝑃𝑤𝑓(𝑡) = 𝑃(𝑡) − 𝑃𝑤𝑓(𝑇) =
𝑞

4𝜋𝜀
(𝑙𝑛

2,2𝑠𝑥𝑡

𝑟𝑤
2 ) + 2𝑆                                                            (3) 

Where ɛ - formation transmissibility (kh/µ) , d.cm / cp. 

According to formula (1) for a hydrodynamically sound well [14,15], 

   𝑆 = (
𝜂𝑜

𝜂
− 1) 𝑙𝑛

𝑟𝑒

𝑟𝑤
                                                                                                                   (4) 

Where η is the actual productivity of a real well, m3 / day / kgf / cm2; η0 is the potential productivity that can be 

obtained from a perfect well (in the absence of a skin factor). 

The determination of the skin factor according to the proposed formulas requires a preprocessing of the PBU 

using the tangent method [16-18], which is based on the elastic regime equation. Theoretically, i.e., for a 

reservoir with uniform permeability, with an instantaneous well shutdown and the absence of the influence of 

the operation of neighbouring wells, the pressure buildup in these coordinates should have the shape of a 

straight line, along the slope of which the flow properties of the formation are determined [19-21]. In fact, 

several factors influence the shape of the PBU, causing it to deviate from a straight line, especially in the initial 

section. These main factors include the heterogeneity of the reservoir, the non-immediate shutdown of wells 

(after inflow), the influence of impermeable boundaries and adjacent wells [22-24]. 

A common method for assessing the condition of the bottomhole zone  , based on the determination of the skin 

factor when working PBU by the tangent method, can be applied to PBU with almost complete (at least 99%) 

recovery of the bottom-hole pressure to the value of the reservoir pressure and when a straight section is 

clearly assigned. In the case of incomplete pressure recovery, the value of the skin factor can be determined 

with an acceptable error if the final section on the PBU is chosen in semi-logarithmic coordinates, approximated 

by a linear dependence with a value of the coefficient of determination of at least 0.96 [25-27]. 

II. EXPERIMENTAL WORK 

To obtain the necessary data, borehole tests were carried out on a number of fields in Western Siberia, and an 

estimate of the bottomhole formation zone was given by the magnitude and significance of the skin factor 

(Table 1). 

Table 1. Results of well testing of exploratory wells in Western Siberia under development 

Well  

Number 

Formation Interval, m Q, 

M3/day 

∆ Р, 

Kgf/cm2 

    ɳ, m3/day/ 

  K gf/ c m 2  

 

S 

K, d Bottomhole 

zone 

condition  

1 

FS-30 FS-

31 

2820,0–2825,0 

2815,0–2819,0 

2806,0–2808,0 

14,24 121,43 0,1153 -0,5 0,0035 Improved 

2 BS7 2754,0–2762,0 0,38 154,6 0,0016 3,5 0,00565 Degraded 

3 U2 2704,0–2722,0 5,52 55,2 0,03 -0,3 0,00011 Degraded 

4 U0 2560,0–2594,0 12 93,11 0,237 -0,45 0,004 Improved 

5 US4 3024,0–3030,0 

3033,5–3039,0 

0,84 167,9 0,031 2 0,000007 Degraded 

6 АJ2 2727,0–2738,5 7,32 77,83 0,034 0 0,0006 Improved 

7 U2, U3 2787,0–2805,0 3,2 133,94 0,0174 1 0,000677 Degraded 

8 U2 2892,0–2899,0 

2906,5–2915,5 

3,7 144,13 0,0212 0,8 0,00012 Degraded 

9 U3 2816,0–2821,0 0,48 149,00 0,00314 3 0,0014 Degraded 

10 U2 2796,0–2803,0 0,64 71,28 0,00429 2,5 0,002026 Degraded 
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During the well testing, it was found that the bottomhole formation zone of the studied wells is deteriorated in 

most cases. This is evidenced by low permeability and positive values of skin effect. This is the reason for the 

low production rate of the wells. For clarity, the obtained data can be represented graphically in the form of a 

relationship between the value of the skin factor(S) and the flow rate, Q (Fig. 1). 

 

 

Figure 1 : Dependence of the well flow rate on the value of the skin factor 

We will also present a graphical relationship between the productivity index and the value of the skin effect 

(Fig. 2) 

On these graphs (see Figs. 1, 2), it can be seen that for positive values of the skin effect, the flow rate of the 

studied objects tends to zero. A higher reliability is observed in Fig. 1, which shows the change in the 

production rate [28-30]. 

 

Figure 2: Dependence of well productivity on the value of the skin effect 

Special attention should be paid to the Jurassic deposits of the U-formation under study. According to the 

obtained data, the dependence of the productivity and the flow rates on the magnitude and significance of the 

skin effect is described in (Figs. 3, 4). 
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Figure 3: Dependence of the production rate of U-formation wells on the value of the skin effect. 

 

 

Figure 4: Dependence of the productivity of U-formation wells on the value of skin effect. 

It should be noted that in almost all published works related to the study of the U-formation, there is a high 

heterogeneity and a complex geological structure. The heterogeneity of reservoirs often manifests itself in the 

form of high variability in total and effective thickness, local thinning of deposits and clay zones [31-33]. 

Therefore, in many fields within individual layers zones with completely different values of flow rates and 

productivity are found, which in our case for layer Yu vary from 0.48 to 12 m3 / day, from 0.003 to 0.237 m3 / 

day/kgf/cm2. 

III. STIMULATION TECHNOLOGIES 

Technologies to stimulate and increase the productivity of wells are of paramount importance for ensuring oil 

production, including in Western Siberia, and this issue is given special attention. The main methods of 

enhanced oil recovery in the region include physical, hydrodynamic and chemical. 

 The main tasks in the development of enhanced-oil recovery technologies are to equalize the permeability of 

heterogeneous reservoirs, to create resistance to fluid flow in washed-out zones of the reservoir, and to 

intensify flow in stagnant oil-saturated zones. 
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At positive values of skin effect it is recommended to carry out treatment of formation zone at the bottom of the 

well to increase oil recovery, for example, at values of skin effect from 0 to +3 it is recommended to 

comprehensively affect formation zone at the bottom of the well by vibration wave technologies in chemically 

active media (clay acid treatment, hydrochloric acid, surfactants, solvents) using jet pumps [34-36]. 

This technology will reduce the time required to clean the formation zone at the bottom of the well of the 

products of drilling fluid intrusion and increase well productivity. To effectively stimulate the formation and 

increase permeability, it is necessary to perform preliminary vibratory stimulation at the bottom formation 

zone of the wellbore at several locations without pumping fluid into the formation. In the reservoir there are 

stagnant areas of fluids - their "striding", weakening of the bonds of the fluid and contamination of particles 

with the reservoir skeleton. 

Then it is necessary to pump the chemical composition into the reservoir through a vibration generator, 

installing a packer above the perforation interval, which makes it possible to affect the stagnant zones and form 

new flow channels [37,38]. The peculiarity of this technology is the cyclic process of action of the active fluid on 

the formation by the method "injection - depletion". This process keeps the fluid in the bottom zone in a 

dynamic state, the dynamics of the fluid brings insoluble reaction products into motion and prevents the 

formation of associations. 

After the completion of the treatment of the bottomhole zone of the well (BHZ) with active fluid, the downhole 

equipment is changed to an assembly that includes a philtre with electronic pressure gauge, a packer installed 

directly above the perforation interval and a jet pump. 

As a result of implementing this technology, inflow exceeding the original by 2-3 times has been achieved at the 

exploration wells. 

At skin effect values of +3 to +5, it is recommended to carry out micro-fracturing, the so-called local (small) 

hydraulic fracturing, which is an effective means of influencing the bottomhole formation zone to eliminate 

flow resistance (skin effect) [39,40]. 

In this case, it is enough to create fractures with a length of not more than 30 m and inject a few tons of 

propane, and the production rate of wells increases by 5-7 times, which is confirmed by the result of this 

technology in exploratory drilling of various hydrocarbon fields. 

IV. CONCLUSION 

The dependence of well productivity on the size and significance of the skin effect has been determined at a 

number of fields and areas of Western Siberia. For example, for U-Reservoir, flow rates and productivity vary 

from 0.48 to 12 m3 / day and from 0.003 to 0.237 (m3 / day/kgf/cm2), respectively. 

For further planning and implementation of measures to stimulate oil and gas inflows, the condition of the 

bottomhole formation zone of exploration wells as well as repaired wells was evaluated from the point of view 

of skin effect. 

At skin effect values from 0 to +3, it is recommended to carry out extensive influence on the bottomhole 

formation zone by vibration wave technologies in chemically active media ( clay acid treatment, hydrochloric 

acid, surfactants, solvents) with the help of jet pumps. Micro-fracturing is recommended for skin effect values of 

+3 to +5. 

The improvement of efficiency in the development of new oil fields and, above all, the further development of 

long-term oil fields is possible only through the widespread industrial use of artificial methods for controlling 

the productivity of wells. Special attention should be paid to low-yield wells, the number of which, 

unfortunately, is increasing, and on the efficiency of work with such a fund depends both the total oil 

production in the country and the cost of oil production. 
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