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Tapered production tubing design considering flow stability and production rate
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Abstract: A tapered production tubing with two different inner diameters has been suggested to increase pro-
duction rates. In this research, various tapered tubing combinations are taken into account and possible tubing
combinations are proposed to satisfy each objective. In previous studies, production enhancement was the main
goal. However, this research also considers flow stability by analyzing tubing pressure traverse, liquid holdup,
and operating conditions.

For a reservoir assumed in this research, a tapered tubing of, 4.5 inch inner diameter(ID) and 2000 ft in
length in the lower part and 5.5 inch ID and 8000 ft in the upper part, shows the highest net present value.
Compared to a mono tubing, tapered tubings enable various tubing designs because they have smaller differ-
ences in frictional pressure loss. It is important to maintain low liquid holdup to prevent liquid loading.
Smaller 1D of tapered tubing in the lower part enables to achieve the object. In conclusion, it is identified
that various tubing designs are achievable from the analyses of overall production operations depending on
purposes specified.
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ferent inner diameter
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Table 1: Reservoir and fluid properties used to calcu-
late IPR
(a) Reservoir properties
IPR conditions (\Vogel’s equation)
Reservoir pressure, psi 6,500
Bubble point pressure, psi 6,500
Viscosity, cp 15
Skin factor, unitless 0
Pay zone thickness, ft 50
Horizontal permeability, md 50
Drainage area, ft 2,980
Wellbore, ft 0.75
Productivity index, STB/day/psi
Formation volume factor, rb/STB Pr dependent
(b) Fluid properties
Pres, PSi | Bo, rh/STB | Bg, rb/scf | R, rb/scf
6,500 1.2500 0.00045 3,000
6,200 1.2425 0.00048 2,900
5,900 1.2350 0.00051 2,800
5,600 1.2275 0.00055 2,700
5,300 1.2200 0.00059 2,600
5,000 1.2125 0.00063 2,500
4,700 1.2050 0.00067 2,400
4,400 1.1975 0.00071 2,300
4,100 1.1900 0.00074 2,200
3,800 1.1825 0.00081 2,100
3,500 1.1750 0.00085 2,000
TPR 7Rt A ES FRHo e &
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Table 2: Tubing properties and related information
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Table 3: Tubing ID combinations

Tubing ID combinations (inch)

Lower
part 2| 25 3|35 4|45 5| | 7
ID
2| 25 3|35 4| 45 5| | 7
Upper 55 3] 35 4| 45 5| 55 --| 7.5
part 3| 35 4| 45 5|58 6| | 8
D | 35 4| 45 5|55 6|65 | 85
4] 45 5(55 6|65 7| ] 9
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Figure 4: Analysis of operating point, stability, pro-
duction period, and NPV
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Table 4: Cumulative production and production time
of tubing diameter 4.5 inch by a well performance
forecast program

Reservoir | Production | Cumulative Ti

pressure rate production (mg:teh)
(psi) (STB/day) (STB)
6,500 0 0 0.00
6,200 4,359 1,321,742 10.11
5,900 4,176 2,254,153 17.55
5,600 3,990 2,922,574 23.13
5,300 3,803 3,429,375 27.58
5,000 3,611 3,832,481 31.30
4,700 3,416 4,164,932 34.54
4,400 3,219 4,435,610 37.34
4,100 2,814 4,662,316 40.03
3,800 2,607 4,887,224 42.90
3,500 2,396 5,069,138 45.44
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5.5(9000 ft), 4 & 5.5(9000 ft), 4.5 & 5.5(8000 ft)
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Table 5: NPV calculation

oil price: 100 $/bbl, interest rate: 10 %(year)
at tubing inner diameter 4.5 inch
Time Production production><oil price
(month) (STB) | (1+interest rate)’**
10.48 1,321,742 121,581,568
18.24 932,412 80,645,848
24.02 668,421 55,199,194
28.64 506,801 40,337,622
32.53 403,106 31,107,397
35.91 332,451 24,971,827
38.84 270,678 19,682,307
41.66 226,706 16,266,044
44.70 224,908 15,751,898
47.38 181,914 12,471,185
Sum 418,194,894

Table 6: Results of NPV and productivity index of
tubing ID combinations

Tubing ID combinations (inch)
mono
. 2 25 3 35 4 45
tubing
25 3 35 4 45 5
& & & & & &
2 2.5 3 35 4 4.5
3 35 4 45 5 55
& & & & & &
tapered | 2 | 25 | 3 | 35 | 4 | 45
tubing 35 4 45 5 55 6
& & & & & &
2 2.5 3 35 4 4.5
4 45 5 55 6 6.5
& & & & & &
2 2.5 3 35 4 4.5
Gt A Yol 8] A A|37d A535(2013. 7)

& 2 AR ARl
NPV (million $)
370.1 | 395.3 | 407.4 | 412.8 | 4165 | 418.2
392.2 | 406.4 | 4124 | 416.2 | 418.1 | 419.1
4045 | 412.0 | 416.0 | 4179 | 419.0 | 419.6
410.1 | 4154 | 417.7 | 4188 | 4196 | 4194
4133 | 417.0 | 418.6 | 4194 | 419.3 | 419.1
Productivity index (STB/day/psi)
0.707 | 0910 | 1.042 | 1.109 | 1.162 | 1.189
0.885 | 1.030 | 1.103 | 1.159 | 1.187 | 1.203
1.007 | 1.097 | 1.155 | 1.184 | 1.201 | 1.209
1.072 | 1.146 | 1.180 | 1.198 | 1.209 | 1.206
1117 | 1170 | 1.194 | 1.206 | 1.205 | 1.201
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Figure 9: Liquid holdup of tubing combinations
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