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Abstract

In this paper, a comparative model is developed using solidworks flow simulation in order to
differentiate between two extraction systems (one horizontal well and six vertical wells) for Bilciuresti
deposit through three various simulations cases: 6 vertical wells extraction system, a horizontal well
extraction system of 7” casing, 5.5” tubing and extraction through tubing, and the horizontal well
extraction system with 7.625” casing, 5.5” tubing, extraction through tubing and casing). Obviously,
the erosion velocities of gas are compared to its flow velocities. Additionally, a sensitivity analysis is
performed to study the influence of changing nozzle sizes on production. It has been found that, in all
situations, the allowable erosion rate is higher than the gas flow rate, except in the case where no
extraction nozzle is used. Also, the higher gas velocity; the bigger nozzle diameter, but it remains
below 10 m/s (10.25 m/s at the nozzle of 30 mm) and it is below the erosion rate. If no adjustment
nozzle is used, the flow rate increases excessively and the speed exceeds the erosion limit. At a 30
mm nozzle, an extraction flow rate of 1068.57 mSm3/day (extraction only through tubing) was
obtained, comparable to the flow rate of the six vertical wells (1087.8 mSm3/day).

Keywords: Horizontal well; Bilciuresti field; Vertical wells; Comparative study,; Recovery increase.

1. Introduction

A horizontal well is a wellbore drilled with an inclination angle between 80° and 100° but
the ideal horizontal well is which has a deviation of 90°. Applications of the horizontal well
have broadly increased all over the world. They include increasing production rate, adding low
cost reserves, improvement of economic benefit, acceleration of reserves etc. In order to
achieve the above applications, it required to [1:

e Decrease unwanted fluid production and thereby, reduce surface facility cost;

e Produce “lost” reserves in thin oil rim;

e Reduce the number of injection and production wells required for development of a new
field, redevelopment of a mature field or infill drilling;

e Bring on-stream presently unexploited wells by sidetracking.

The horizontal well technology was utilized with limited applications in the early 1980’s.
However, by the 1990’s, it has become accepted in the oil industry and has extensively in-
creased [2-5], Based on the field results of the horizontal well, the stabilized productivity of the
horizontal well is 2 to 5 times more than a vertical well’s productivity. Additionally, the hori-
zontal wells add considerably to the petroleum production in several oilfields. About 30% of
the production from the Norwegian sector of the North Sea is achieved due to horizontal wells.
Likewise, additional oil is produced by horizontal wells rather than by vertical wells in a number
of reservoirs in Denmark. In Saudi Arabia, 5 to 10% recovery improvement is increased due
to horizontal drilling i.e., close to 12.5 to 25 billion barrels of additional recovery. In the Zakum
Field in UAE, over 50 horizontal wells added about 26 MMSTB of oil production by the end of
1993, about 25% of field production. Furthermore, the horizontal well projects are succeeded
in offshore fields in China and India [6-151, Recently, at the level of the world oil and gas
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industry, the drilling of horizontal wells has increased in increasing numbers. In Romania, this
type of well was drilled, especially in the areas of Independenta-Galati County and Vata-Arges
County. The horizontal drilling is a much more complex process, from all points of view, which
is done in various and special conditions compared to vertical drilling. It also involves much
higher costs, but which have proven to be cost-effective compared to the much higher level
of production obtained. Therefore, for the realization of a horizontal path, it is recommended
to use rotary steerable systems and LWD type recording systems, which offer the facility to
record certain values of the formation such as resistivity, gamma radiation values, density
values and porosity of the formation or compression and shear values.

Therefore, in this paper, a comparative model is developed to differentiate the extraction
and production of six vertical wells drilled in the past on the Bilciuresti structure with the
simulated path of a horizontal well drilled at approximately the same depth on the same structure.

2. Model procedures

In order to build a model to compare between the production from a horizontal well and
certain number of vertical wells, the proposed procedures shown in Figure 1 are modeled and
validated by SolidWork Flow Simulation and LMS Amesim software for Bilciuresti deposit field.
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Figure 1. Model flow schema

3. Bilciuresti deposit field description

The Bilciuresti structure is located in Dambovita County, about 40 km W-NW of Bucharest,
Romania for ROMGAZ Company. The fixed assets that contribute to the gas storage process
are the following:

e 61 wells of which 57 injection / extraction wells, 3 piezometric wells, 1 soda waste water
injection;

e Surface infrastructure consists of: Butimanu gas compression station; 7 gas drying
stations; 26.5 km collecting pipes related to the 57 injection / extraction wells; 50 well
gas heaters; 24 impurity separators; 14 gas technological measurement installations; 37.5
km of collecting pipes; bidirectional panel of fiscal measure; and wastewater injection
station.

The company wants to develop and modernize the gas storage Bilciuresti deposit. The
project aims to increase the daily gas delivery capacity of the Bilciuresti deposit to 20 million
m?3/day and ensuring an increased degree of operational safety. This project includes [161:

a. Necessary investment works:

e Modernization of separation, measurement and drying installations for Bilciuresti groups;

e Systematization and modernization of pipeline system and cooling system Butimanu
Compression Station;

e Modernization of 19 injection / extraction wells;
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Drilling 4 new wells;

16" Bilciuresti - Butimanu gas pipeline.
. Estimated completion deadline: 2025;
. Estimated total value of the project: 271.15 million lei (around 56 million euros).

Therefore, our work here is to do a comparative study between one horizontal and 6 vertical

well in order to convince the company to choice our approach. The layouts of horizontal well
and six vertical wells are shown in Figure 1. The characteristics of the vertical wells of Bilciu-
resti deposit are illustrated in Table 1. The reservoir is gas reservoir with pressure (Pr) of
1.25E07 Pa, and temperature of 313.15° K.

Table 1. The characteristics of the vertical wells Bilciuresti deposit

OO e e

Q, PI, Perfora- Nozzles,
el Nl Pl lacl? 2y BRI mSm3/day | mSm3/day/kPa? tions, m mm
17 125 117.05 278.674 14.48E-6 29 16.5
105 125 106.69 158.206 3.72E-6 12 12
145 125 113.90 71.516 2.69E-6 8 7.5
149 125 107.57 227.009 5.60E-6 8 15.1
169 125 100.55 90.94 1.97E-6 11 8.9
171 125 107.32 260.828 8.67E-6 30 16.3
TOTAL 1087.18
Average 6.19E-6 16.33 12.716
3.792E-7 mSm?3/(day.
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Figure 2. Horizontal well layout (well C), and vertical wells'layouts (sonda 17, 105,145, 149, 169, 171)
4. Model results and analysis

Building a model to differentiate between the production of a horizontal well and vertical
wells drilled in Bilciuresti deposit is significantly desirable and important because the ROMGAZ
company has planned to spend 56 million euros to develop that deposit. That's why, our
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study is highly important to select the optimum scenerio for drilling new wells. Here, the model
is developed to compare between a simulated horizontal well and actual six vertical well drilled
in the same structure. The image of the horizontal well model with its surface equipment is shown
in Figure 1 and it s called well C. Moreover, the image of the 6 vertical wells with their surface
equipmentDis appeared in Figure 2 and wells are called Sonda 17, 105,145, 149, 169, and 171.
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Figure 3. Horizontal well (Well C) geometry and trajectory

Table 2. Characteristics of casing and tubing for well C

Case No. Item OD, in 1ID, in t, mm N.wt, kg/m Ra, mm Type
1 Casing (API) 7 6.366 0.0080518 34.22777 2.54E-05 C75
Drillpipe 5.5 4.778 0.0091694 32.59079 2.54E-05 E75
2 Casing (API) 7.625 6.375 15.875 70.09252 2.54E-05 C75
Drillpipe 5.5 4.778 9.1694 32.59079 2.54E-05 E75

For the proposed horizontal well, the suggested geometric shape is shown in Figure 3 with
the properties of casing and drillpipe descriped in Table 2. Additionally, wellbore trajectory are
selected and optimized based on the principles and methods presented by Halafawi and Avram [181,
The final wellbore trajectory is plotted in Figure 3. From the flow assurance calculations, the
pressure drops considered on the surface equipment are: 0.1 bar heater (20 K gas heater);
0.1 bar separator; SUG 0.3 bar; 0.1 bar measuring panel; pressure at the transport pipes 30
bar. In order to determine the productivity index (PI) of well C, the average productivity index
of the 6 vertical wells is divided by the average perforations of the vertical wells, and it equals
3.7917E-07 mSm3/day /kPa?. The average perforations of the vertical wells is estimated at
16.33 m and the productivity indices of the vertical wells are averaged and equal 6.19E-06
mSm?3 /day/ kPa? (Table 1).

4.1. Case 1 Horizontal well model with 7 in casing, 5.5 in tubing, tubing extraction
only (Table 2)

This is the system shown in Figure 3, with a 12.7 mm nozzle (the nozzles were averaged
at the vertical wells). The gas velocity is below the imposed limit of 10 m/s (Figure 4-a). The
obtained gas flow 219.61 mSm3/day. The gas velocity is below the erosion limit (Figure 4-b).
Above the erosion rate, the pipe material is destroyed and, in particular, the layer deposited
inside is degraded, which increases the corrosion resistance. Further, the same conditions
occur during changing the nozzle size to 25 mm. The gas velocity is below limits and reaches
to 7 m/s maximum value and the resulted flow rate is 787.92 mSm3/day (Table 4). However,
changing nozzle size to 30 mm results higher gas speed above the imposed limit of 10 m/s at
the exit from the tubing, where it reaches the value of 10.25 m/s. Otherwise the speeds are
below this limit. The obtained gas flow 1068.57 mSm3/day. The gas velocity is also below the
erosion limit. On the other side, if the system shown Figure 3 is working without the nozzle,
the same situation of 30 mm nozzle size is repeated but with different values. The gas speed

Pet Coal (2020); 62(4): 1523-1532
ISSN 1337-7027 an open access journal



Petroleum and Coal

reaches 65 m/s on the tubing and still above the imposed limit of 10 m/s (Figure 5-a). The
obtained gas flow is then 2278.94 mSm?3/day (Table 4). The erosion rate is below the value of
the gas velocity. In other words, the tubing is not suitable for the high gas flow obtained
through the horizontal well (Figure 5-b).

4.2. Case 2: Horizontal well model with 7.625 in casing, 5.5 in tubing extraction by
tubing and casing (Table 2)

Pressure drops are considered the same as case 1 for surface equipment. The geometric
characteristics of the well are given in Figure 3, except for the casing which is 7.625 in instead
of 7 in. In this system shown in Figure 2, the gas speed is below the imposed limit of 10 m/s
with the 12.7 mm nozzle size (Figure 6-a). The gas flow obtained 220.31 mSm?3/day. The
erosion rate is above the value of the gas flow rate as shown in Figure 6-b. Using bigger nozzle
sizes than 12.7 mm such as 25, 30, and 35 results the same flowing conditions behavior with
various values. Moreover, the gas flow rate increases with increasing the nozzle size (Table
4). However, the behavior of gas flow is inverted without installing the nozzle on the well
head. The gas speed becomes above the imposed limit of 10 m/s, the value of 60.94 m/s on
the tubing is reached (Figure 7-a). The erosion rate is below the value of the gas velocity as
shown in Figure 7-b. The obtained gas flow is therefore 3178.84 mSm3/day (Table 4).
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sure distribution; b. Gas velocity and erosion velocity distribution- Case 1
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b Metwork simulation : Network simulation
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Figure 5. Gas parameters variation of well C without nozzles: a. Gas speed and pressure
distribution; b. Gas velocity and erosion velocity distribution- Case 1
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4.3. Case 3: Building the model with six vertical wells

The characteristics of the vertical wells are given in Table 2. The image of the model with
6 vertical wells, which are called sonda 17, 105,145, 149, 169, and 171, is given in Figure 3.
Pressure drops considered on equipment are: 0.1 bar heater (20 K gas heater); 0.1 bar
separator; SUG 0.3 bar; 0.1 bar measuring panel; pressure at the transport pipes 30 bar. The
geometric characteristics of the vertical wells and the parameters of the pipes are given in
Figure 13 and Table 3. The model and simulations are developed and performed for Fluid with
100% methane and extraction only by tubing. The results of the model are shown in Figures
14 through 19. The gas velocity is found below the required limit of 10 m/s at 3 wells: Sonda
105, 145, and 169 (Figure 14-a) while the gas velocity exceeds 10 m/s at wells 17, 149, and
171 on the tubing and the gas speed is reached to 12.5, 11, and 12.5 m/s) for wells 17, 149,
and 171 respectively (Figures 15-a). Figures 14-b and 15-b show the gas erosion rates
compared to the gas flow rate. It is observed that the permissible erosion rate is higher than
the gas flow rate in all situations. Regarding the production rate comparison, flow rate is
1068.57 mSm3/day at the horizontal well with a 30 mm nozzle size which is equivalent to that
of the model with 6 vertical wells at the same time (Table 4). Gas velocity is still below the
erosion limit. The gas flow obtained with the 6 vertical wells is 1087.18 mSm3/day (Table 4).
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Figure 13. Geometric characteristics of the vertical wells

Table 3. Characteristics of casing and tubing for well C

Well No. Item MD, m ID, m Thickness, m Roug:qness,
17 Casing 1995 0.1470914 0.0105918 2.54E-05
Tubing 1916.77 0.0590042 0.0070104 2.54E-05
105 Casing 2005 0.1470914 0.0105918 2.54E-05
Tubing 1947.8 0.0590042 0.0070104 2.54E-05
145 Casing 2016 0.1470914 0.0105918 2.54E-05
Tubing 1947.8 0.0590042 0.0070104 2.54E-05
149 Casing 2016 0.1470914 0.0105918 2.54E-05
Tubing 1963 0.0590042 0.0070104 2.54E-05
169 Casing 2016 0.1470914 0.0105918 2.54E-05
Tubing 1944.89 0.0590042 0.0070104 2.54E-05
171 Casing 2015 0.1470914 0.0105918 2.54E-05
Tubing 1940.55 0.0590042 0.0070104 2.54E-05
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Table 4. Comparison between well C and vertical wells

6 Vertical Wells Horizontal Well C
Case 3 Case 1 Case 2

Well Total Gas Rate Pressure @ Nozzle Size Pressure ST Gas Rate Pressure ST Gas Rate

MSm3/day Pa.a mm Pa.a MSm?3/day Pa.a MSm3/day
17 278.6747 7928782 12.7 10317870 220.3145 10305440 219.6132
105 158.2067 8475575 25 9912477 809.0681 9665645 787.9285
145 71.51668 9711760 30 9563727 1121.415 9118024 1068.574
149 227.0095 7705266 35 9091888 1450.195
169 90.94493 8805960 Without 3123471 3178.842 3106900 2278.94
171 260.8288 7691173

1087.18131

5. Model discussion and extracted conclusions

In this article, two extraction systems are compared: with a horizontal well (Figures 1,2

and Table 2), with 6 vertical wells (Figures 1,12 and Table 3). Three simulations are performed
(Table 4):

Case 1, for the extraction system with a horizontal well: 7 in. Column, 5.5 in tubing,
extraction only by tubing; the simulation is done with a 12.7, 25, 30 mm nozzle sizes, and
without adjusting nozzle.

Case 2, for the extraction system with a horizontal well: 7.625 in column, 5.5 in tubing,
tubing and casing extraction; the simulation is done with a 12.7, 25, 30, 35 mm nozzle
sizes, and without adjusting nozzles. Gas speeds decrease in case 2 compared with case 1:
12.7 mm (maximum 1.2 m / s compared with 1.8 m /s), 25 mm (maximum 4.8 m/s
compared with 7.1 m/s), 30 mm (maximum 7 m / s compared with 10.25 m / s); without
nozzle (maximum 61 m/s compared with 65 m/s), but It should be noted that in the last
two situations the flows has increased significantly compared with the first case.

Case 3, the simulation is done for the extraction system with 6 vertical wells

Regarding the horizontal well (well C), case 1, it is found that, with the increase of the
nozzle diameter, the extracted flow increases: 12.7 mm (219.61 mSm?3/day), 25 mm
(787.92 mSm3/day), 30 mm (1068.57 mSm?3/day), without nozzle (2278.94 mSm?3/day).
The gas velocity increases with the nozzle diameter, but remains below 10 m/s (10.25 at
the 30 mm nozzle) and is below the erosion rate. If the control nozzle is not used, the flow
becomes very high 2278.94 mSm?3/day and the speed exceeds the erosion limit. It is also
found that the more nozzle diameter, the more extracted flow rate: 12.7 mm (220.31
mSm?3/day), 25 mm (809.06 mSm?3/day), 30 mm (1121.41 mSm?3/day), and without nozzle
(3178.84 mSm?3/day).

Regarding the vertical wells, in case 3, the gas velocity is below the imposed limit of 10
m/s, at 3 wells: 105, 145, and 169. The gas velocity exceeds 10 m/s on the tubing reaching
the gas speed to 12.5, 11, 12.5 m/s for wells 17,149, and 171. It is also observed that, in
all situations, the permissible erosion rate is higher than the gas flow rate. Moreover, the
gas flow obtained from the model with 6 vertical wells and the overall scheme is 1087.18
mSm3/day.

At a nozzle of 30 mm, an extraction flow of 1068.57 mSm?3/day for well C is slightly low
compared to the flow of the 6 vertical wells 1087.18 mSm?3/day.

A solution to reduce the extraction flow rate is the use, in parallel, of the tubing and the
column, case 2.

Using the extraction system with the tubing and the casing in parallel (case 2), increasing
the nozzle size to 35 mm leds to obtaining again a case with speeds below the imposed
limit of 10 m/s, and the flow rate is being 1450.19 mSm3/day, ie 1.33 extraction flow with
6 vertical wells (1087.18 mSm3/day).
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