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ABSTRACT

The production of hydrocarbon fluids is via production system. The production system has different parts with 
different features. Assurance in optimized performance of this system is requiring precise knowledge of its different 
parts. The production system can be categorized into three major parts. These are Inflow that related to fluid flow 
through porous media, vertical well flow (from sand face to the wellhead choke), and flow through surface facility.

By using available models, any part of production system can be modeled. Inflow information of production system 
such as reservoir pressure and temperature, fluid type and porous media characteristics and vertical well flow 
information (well geometry and pressure control devices) can be used to model the production system. After modeling 
of the production system, any problem can be specified and then proper methods are applied to rectify the system. 

Selecting proper tubing and wellhead choke sizes are essential to maximize reserve recovery in depletion drive oil 
reservoirs. In this study two wells of an oil reservoir were analyzed to determine optimum tubing and choke sizes for 
production optimization. Database bank consists of flowing, static and buildup test were utilized. Data were analyzed 
with PANSYS and PIPSEIM software. Nodal analysis technique was used to analyze tubing and choke sizes for these 
wells. Also, effects of skin damage change on IPR curve and well deliverability were examined.

INTRODUCTION 

The production system can be divided to main three 
components. These are inflow (fluid flow through 
porous media), vertical well flow (from sand face to 
the wellhead choke), and flow through surface facility. 
In order to optimize the system, any one of these 
segments must be evaluated separately. Well analysis 
is the most important step to optimize oil production. 
The goals of well analysis are to determine the flow 
rate at which well will produce with a given well-
bore geometry and completion configurations 
(first by natural flow); to determine under what flow 
conditions the well will produce which can be related 
to time as the reservoir depletes; to select the most 
economical time for the installation of artificial lift 
and to assist in the selection of the best artificial lift 
method; to optimize the well conditions and system 
geometry in order to increase produce flow rate; 

to analyze each component in the wel1 system to 
determine if it is restricting the flow rate unnecessarily 
when compared to the flow capacities of the other 
system components. 

The objective of production optimization methods 
is to find out that component of the well which is 
restricting the rate below the maximum possible. 
Well inflow performance relationship (IPR) and 
tubing performance relationship (TPR) are the basic 
requirements for well analysis. Accurate well test and 
flowing data most be obtained then the proper IPR 
and two phase flow correlation models applied for 
successful analysis. Then mathematical models of 
other well components can be used to complete the 
predicted well performance. 

There are many oil and gas wells in an oil field that 
have not been optimized to achieve an objective 
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rate in an efficient manner. In fact, many wells had 
been routinely completed in a manner such that 
their maximum potential rate cannot be achieved. 
These wells can be analyzed by applying optimization 
techniques to evaluate well component such as tubing 
size and choke size. The effects of change in any one 
of this component on the entire producing system are 
very important and can be graphically displayed using 
well analysis. Tubing size and choke size are important 
components that must be optimized for production of 
an oil reservoir. This paper is rating the effects caused 
by single components on the entire production 
system using PANSIM and PIPESIM software’s.

ANALYZING WELL PERFORMANCE

Analyzing well performance is an important step 
to optimize production by improving production 
techniques. The analysis can be performed by well 
tests and examination of the field data. Data gathering 
was the main problem in this study. For this purpose 
we selected two wells; A and B in this reservoir with 
their various data such as flowing, static, PI tests, fluid 
property and well geometry data. Then PI test data was 
analyzed by the PANSYS software. The PI tests were 
done in a short time, therefore they cannot detect 
the correct magnitudes of skin and permeability and 
they show only an approximate value of the skin and 
permeability. Then by using PIPSIME software, tubing 
size and choke size of these wells were examined. Also 
for analyzing the effect of inflow performance in the 
production, skin factor and reservoir pressure were 
analyzed. Tables 1 and 2 show the well, reservoir and 
fluid properties data and production condition of the 
wells A and B, respectively.

    Table 1 -  Wells, reservoir and fluid property data

   Table 2 - Production condition of the wells A and B

PI TEST ANALYSIS

PI Test of Well A

For this well a PI test was analyzed. The radial flow plot 
and log-log plot of this test are shown in Figures 1 and 
2. 

     Figure1.     Radial flow plot of well A
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     Figure 2.     Log-log plot of well B

PI Test of Well B 

For this well a PI test was analyzed. Radial flow plot 
and log-log plot of this test are shown in Figures 3 and 
4. As shown in these figures, single fault dual-porosity 
(pseudo steady state) model gives an acceptable 
match.

    Figure 3.     Radial flow plot of well B

     Figure 4.     Log-log plot of well B

Results of the PI tests which are analyzed by PANSYS 
software, including the skin factor and the reservoir 
permeability, are summarized in Table 3.

     Table 3  - Skin factor and reservoir permeability
         for Wells A and B

ANALYZING THE PRODUCTION CONDITION OF 
THE WELL A AND WELL B

Flow Correlation Matching 

By using flow correlation matching, different two 
phase flow correlations such as Hagedorn and Brown 
Revised (HBR), Duns and Ros (DR), Orkiszewski (ORK),           
Tulsa Hagedorn and Brown (THB), Beggs and Brill 
Revised (BBR), Original Beggs and Brill (BBO), Govier 
and Aziz (GA) and Mukherjee and Brill (MB) were 
selected to predict pressure drop in the wells A and B 
(Figures 5 and 6). 
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   Figure 5.     Flow correlation matching for well A

  Figure 6.     Flow correlation matching for well B

Tubing Size Analyzing

The production tubing is one of the main components 
of any production well system. The wrong choice of 
tubing can lead to disastrous consequences later on 
during the life of a well and so, the economies of scale 
need to be properly scrutinized. According to the 
pressure data of the wells A and B, the following IPR 
correlations were used: 1- Combination Vogel and PI 
correlation for the well A 2-Vogel correlation for the 
well B. 

The tubing sizes were varied between 2.2" and 6.184" 
and all other parameters such as GOR, wellhead 
pressure, static pressure and etc. for any one of these 
wells are held constant. Results of analysis are shown 
in the Figures 7 to 14. Figures 7 and 8 show the IPR 
and TPR curves for these wells.

     Figure 7.   IPR and TPR curves for well A

     Figure 8.    IPR and TPR curves for well B

Nodal Analysis

Figures 9 and 10 show the IPR and TPR curves for 
different tubing size of the wells A and B which are 
developed  using  nodal analysis.
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     Figure 9.   Tubing size performance analyzing 
              for the well A (nodal analysis)

 Figure 10.   Tubing size performance analyzing 
            for the well B (nodal analysis)

Wellhead Performance Analysis

Figure 11 shows the results of the wellhead 
performance analysis for well A in two cases; (1) 
tubing size = 4.276", (2) tubing size = 6.184".

      Figure 11.    Wellhead performance 
                  analysis for well A

Figure 12 shows the change of flow rate vs. wellhead 
pressure in the well B for three cases (1) tubing size 
=2.99" (2) tubing size =3.428" (3) tubing size=3.826".

    Figure 12.    Wellhead performance analysis 
              for well B

Choke Size Analyzing 

For analyzing choke performance, the optimum 
condition for downstream pressure (P2) was assumed 
to be equal to 710 psia and 640 psia for wells A and 
B respectively.  Figures 13 and 14 show CPR and WPR 
curves for wells A and B when the Gilbert and Ashford 
correlations are used for critical and states.
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   Figure 13.     CPR and WPR curves for well 
                A (using Gilbert and Ashford)

    Figure 14.    CPR and WPR curves for well 
                B (Using Gilbert and Ashford)

As shown in the Figure 13, for well A, the predicted 
operation conditions (q=2200 STB/d and Pwh=1500 
psia) differ from real operation conditions (q=3000 
STB/d and Pwh=1460 psia). Furthermore, this figure 
shows that flow behavior in the choke is at sub critical 
state. But in this well (P2/P1) > 0.55 which shows the 
flow in the choke is at critical state.  Also as shown 
in Figure 14 for well B, the predicted operation 
conditions (q= 700 STB/d and Pwh=950 psia) differ 
from real operation conditions (q=1000 STB/d and 
Pwh=915 psia). Also flow behavior in the choke is at 
critical condition. But in this well (P2/P1)<0.55 and 
flow in the choke is at sub critical state.

Reservoir Pressure Effects

For analyzing the reservoir pressure depletion, we 
assume that the gradient of pressure decline in the 
reservoir is 40 psig /year. Figure 15 to 16 show the 
effect of the reservoir pressure depletion on the IPR 
curves and production rates for the wells A and B, for 
two conditions:1- When the wells produced by casing 
8.535" 2- When the well A produced by tubing size 
4.276" and well B produced by tubing size 2.99". All 
other parameters such as GOR, wellhead pressure and 
etc. were held constant.

     Figure 15.     Effect of reservoir depletion of the 
                 well A (Casing 8.535")

     Figure 16.     Effect of reservoir depletion of the 
                 well KL-15 (Casing 8.535")
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Skin Effect

For analyzing the skin effect on IPR curves, pseudo-
steady state equation for inflow performance 
relationship (IPR) were used. Figure 17 and 18 show 
the effects of skin factor on the IPR curves, for wells 
A and B.

     Figure 17.     Effect of skin factor on the IPR 
                 curves for well A(Casing 8.535")

     Figure 18.     Effect of skin factor on the IPR 
                 curves for well B

CONCLUSIONS

1. Well analysis is an excellent method for showing 
how the overall well performance optimization 
and objective flow rate on the oil wells can be 
done.

2. According to current results, the flow correlation 
matching for wells A and B, in contrast to 
measured data, the predicted value for pressure 
drop (in the wells columns) with the Mukherjee 
and Brill (MB) correlation is more accurate than 
other correlation. 

3. Achong and the API14B correlations can simulate 
the choke performance on critical and sub critical 
conditions of these wells.

4. According to result of tubing size analysis, 
production rate of these wells via casing 8.535" is 
at unstable state.

5. The proper tubing and choke bean sizes for well A 
are found to be 4.276" and 40/64" respectively. By 
using these tubing and choke bean sizes, the flow 
rate increases from 3000 STB/d to 4800 STB/d and 
is at stable state.

6. If the reservoir pressure decreased to 4771 psia, 
but all other parameters such as GOR, wellhead 
pressure are held constant, well A cannot produce 
with the casing 8.535" on natural depletion. But if 
it is completed with the tubing size 4.274", it can 
produce until the reservoir pressure decreased to 
below 4691 psia.

7. The proper tubing and choke bean sizes for well 
A are 2.99" and 32/64" respectively. By using of 
these tubing and choke bean sizes, the flow rate 
increases from 1000 STB/d to 1900 STB/d and 
production is at stable state. 

8. If reservoir pressure decreases to 4164 psia, but 
all other parameters such as GOR, wellhead 
pressure and etc. are held constant, the well 
B with the casing 8.535", cannot produce on 
natural depletion. But, if it is completed with the 
tubing size 2.99" it can produce until the reservoir 
pressure decreased to below 3964 psia. 

9. Based on the results of the positive skin effect, the 
inflow performance cannot be an optimistic one. 
If the skin damage decreases, inflow performance 
curves will be improved considerably and the flow 
rates do indeed increase. Thus, these wells need a 
cleanup program and stimulation to remove the 
damage.
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