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ABSTRACT

Natural gas can be transported from one place to another through various modes such as
tankers, ships, etc. For a long distance transportation of natural gas over a long period of
time, transportation through pipelines is the most economical option. Natural gas
transpbrtation through pipelines involve very low maintenance costs. But, huge
investment costs are what burden pipeline transportation of natural gas. For this reason,
pipeline transportation is only preferred for transporting fluid over long distances for a

long period of time.

The major components of a pipeline are the pipes. These pipes come in various diameters

and grades. The other important components used are valves, compressors, pressure and

flow meters, etc.

Design of a pipeline involves various parameters that are to be found, such as, pipe
internal diameter, friction factor, compression ratio, total volumetric flow rate, drop in

pressure with respect to distance and the total costs incurred in constructing and

maintaining the pipeline.

In this project, we have designed an optimized horizontal pipeline over a distance of 100
miles. We havé considered an isothermal steady-state flow of natural gas through the
pipeline with negligible kinetic change and a constant gas compressibility factor. Natural
gas flows from station O at 15 MMSCMD and 90 bar through three different stations A,
B and C. At station A, 3 MMSCMD of gas is withdrawn, 3 MMSCMD at station B and
9 MMSCMD at station C. With the help of hydraulic performance analysis and cost

analysis we optimize the design using manual arithmetic calculations.
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Designing of a Natural Gas Pipeline

INTRODUCTION:

To obtain optimum design results for natural gas pipeline transmission system requires complex
economic and engineering studies are necessary to decide on the pipeline diameter, material,
compression power requirements and location of the pipeline route. The hydraulic study is one of
the most important parts of the DFR. |

Determining the diameter of the pipeline is the very important thing that would determine the
least operating and investment cost. The objective of this project is to optimise the 100 mile
pipeline diameter for the transportation of 15 MMSCMD Natural gas from Station O to C using
manual arithmetic calculations.

The purpose is to compare various different configurations matching the requirements based on

. Hydraulic performances
o Investment cost
o Operating cost

The final design solution will be optimised based on all these criteria of evaluation.

Q=15 MMSCMD
P =90 bar
T=25°C

7
L

(B) —B C

30 miles 40 miles 30 miles
Q1 =3 MMSCMD Q2 =3 MMSCMD Q3 =9 MMSCMD
P1 = 45 bar [min] P2 = 45 bar [min] P3 = 45 har [min]

(Figure 01 - Basic system flow diagram)
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Designing of a Natural Gas Pipeline

CHAPTER 1 : DESIGN BASIS

Throughput =15 MMSCMD

Length Of pipeline - =250 Km

Supply Pressure = 95 bar

Supply Temperature =25°C

Receiving Terminal Pressure =44 - 45 bar [Minimum]
Design Pressure = 95 bar = MACP

1.1 Mass fraction of natural gas

Methane =8721%
Ethane =6.8%
Propane =298 %
i - Butane =0.41%
n- Butane =0.82%
i - Pentane =023 %
n - Pentane =0.22%
Hexane =0.46 %
Carbon-di-oxide =0.74 %
Nitrogen =0.18%

1.2 Diameter of Pipeline Considered
20 Inch -

22 Inch

24 Inch

1.3 Grade of Line Pipe

X 60
X170

University Of Petroleum and Energy Studies



Designing of a Natural Gas Pipeline

1.4 Pipe Roughness
Internal Coated

Roughness of Line pipe = 5 Micron

1.5 Compressor Details

Compressor Type = Centrifugal Compressor [1-4 Stages]
Maximum Working Pressure - =105 bar

Maximum Design Inlet Flow = 11300 m*/hr

Design Speed [Range] =9000 — 13800 rpm

Compression Ratio =13

In this we analyze the hydraulic performances and cost analysis for six different cases taking into
consideration the various combinations formed with the different diameters and grades.

The six cases formed are as shown below.

Case 1 — This involves a 20 inch outer diameter pipe of grade X60.

Case 2 — This involves a 20 inch outer diameter pipe of grade X70.

Case 3 — This involves a 22 inch outer diameter pipe of grade X60.

Case 4 — This involves a 22 inch outer diameter pipe of grade X70.

Case 5 — This involves a 24 inch outer diameter pipe of grade X60.

Case 6 — This involves a 24 inch outer diameter pipe of grade X70.

University Of Petroleum and Energy Studies 3
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Designing of a Natural Gas Pipeline

CHAPTER 2: DETERMINATION OF PROPERTIES OF NATURAL GAS

- 2.1 Standing-Katz Method

The Standing-Katz method of calculating compressibility factor is based on

the use of a graph that has been constructed for binary mixtures and saturated hydrocarbon
vapor. This method is used generally for sweet natural gas mixtures containing various
hydrocarbon components. When the natural gas mixture contains appreciable amounts of non-
hydrocarbons such as nitrogen, hydrogen sulfide, and carbon dioxide, certain corrections muét be

applied for these components. These adjustments are applied to the critical temperatures and

pressures.

Pseudo . reduced temperature, Tr = T/Tc

Pseudo . reduced pressure, Pr = P/Pc

University Of Petroleum and Energy Studies 6




Compound yi -

Cl1 0.872
C2 0.068
C3 0.03

i-C4 0.004
n-C4 0.008
i-C5 0.002
n-C5 0.002
Cé 0.005
N2 0.002
CO2 0.007

Designing of a Natural Gas Pipeline

mi yi mi Pci Tci
16.04  13.98688 673 344
30.07 2.04476 709 550
44.1 1.323 618 666
58.12  0.23248 530 733
58.12  0.46496 551 766
72.15  0.1443 482 830
72.15  0.1443 485 847
86.18 04309 434 915
28.02 0.05604 227 492
4401 030807 1073 548
A =0.007 €=1.336862
T'pc = 373.9841 °R
P'pc = 662.3264 psi
From Graph, Z = 0.996

University Of Petroleum and Energy Studies

yi Pci

586.856
48.212
18.54
2.12
4.408
0.964
0.97
2.17
0.454
664.694

7.511

1.43589
0.022194

yi Tci

299.968
374
19.98
2.932
6.128
1.66
1.694
4.575
0.984
375.321

3.836




Designing of a Natural Gas Pipeline .

2.2 Standing-Katz Chart

Pseudo-reduced pressure, P,
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(Figure 02 — Standing Katz chart)
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Designing of a Natural Gas Pipeline

2.3 Compressibility Factor

The compressibility factor or gas deviation factor. It is a measure of how close a real gas is to an
ideal gas. The compressibility factor is defined as the ratio of the gas volume at a given
temperature and pressure to the volume the gas would occupy if it were an ideal gas at the same
temperature and pressure. The compressibility factor is a dimensionless number close> to 1.00 and
is a function of the gas gravity, gas temperature, gas pressure, and the critical properties of the
gas. From the Standing-Katz chart, compressibility factor,

Z =0.996

2.4 Specific gravity
Specific gravity of a gas, sometimes called gravity, is a measure of how heavy the gas is
compared to air at a particular temperature. It might also be called relative density, expressed as

the ratio of the gas density to the density of air. Because specific gravity is a ratio, it is a

dimensionless quantity.
First we calculate the density of the gas,
Density, p = (pM)/(ZRT) . @2.1)

Where,

p = Inlet pressure in psi.

M = molar mass in kg/mol.

Z = Compressibility factor.

R = Universal gas constant in psiaft*’R™

T = Temperature in °R
From calculations, Density, p = 4.351645 kgmol/ft’

Gas Specific Gravity = p / psy = 4.351645/28.97 = 0.66

University Of Petroleum and Energy Studies 9



Designing of a Natural Gas Pipeline

2.5 Viscosity of natural gas

Gas viscosity is a measure of the resistance to flow exerted by the gas. Dynamic viscosity (ug) in
centipoises (cp) is usually used in the natural engineering.

1 cp = 6.72 * 10-4 Ibm/ft-sec

Ps (2.2)

‘Kinematic viscosity (V) is related to the dynamic viscosity through density (p,.). Gas viscosity is
very often estimated with charts or correlations developed based on the charts. The gas viscosity
correlation of Carr, Kobayashi, and Burrows (1954) involves a two-step procedure: the gas
viscosity at temperature and atmospheric pressure is estimated first from gas-specific gravity and
inorganic compound content. The atmospheric value is then adjusted to pressure conditions by
means of a correction factor on the basis of reduced temperature and pressure state of the gas.

The following formulae show the correction factors for calculation of actual gas viscosity.

By = faye Ty, T Bico, : 23)
Where,
iype = 8.188 % 107° — (6.5% 107* = log(y, )} + {(1.709 = 107%) — (2.06;; 1076« 3 JHT)
(2.4)
i1y, ={(9.59 = 107%) + (848 = 107" log(y, ))} = s, 2.5)
Hico, = {(624+107%) + (9.@8 x 1073 « Jog ('fg)\)}%:oz
- ' (2.6)

University Of Petroleum and Energy Studies : 10



Designing of a Natural Gas Pipeline

2.6 Calculation of Viscosity using Carr et al correlation for Natural Gases

Input Data

Pressure

Temperature

Gas Specific Gravity
Mole Fraction of N2
Mole Fraction of CO2
Mole Fraction of H2S

Calculation

Pseudo Critical Pressure

Pseudo Critical Temperature

Uncorrected Gas Viscosity at 14.7 psia

N2 Correction for Gas Viscosity at 14.7 psia
CO2 Correection for Gas Viscosity at 14.7 psia
Corrected Gas Viscosity at 14.7 psia

Gas Viscosity

University Of Petroleum and Energy Studies

1305.34  psi
77 °F

0.14

0.002

0.007

0

662.33 psi
373.98 °R
0.00932 cp
0.000016 cp
0.000032 cp
0.009368 cp
0.009389 ¢p
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Designing of a Natural Gas Pipeline

CHAPTER 3: DETERMINATION OF PIPE SPECIFICATIONS:

3.1 Calculation of Pipe Thickness

Thickness of the pipe is calculated using the formula as per ASME B 31.8.

t=[P* D)/ [2*S*F*E*T]

Where,

t = Thickness of line pipe in inch

P = Design Pressure of Pipeline in psi

D = QOuter Diameter of Pipeline in inch

S = Yield strength of the pipe material psi

F = Basic Design Factor

3.1.1 Basic Design Factor [F]

Design
Location class
Factor
Location Class 1,
o 0.80
Division 1
Location Class 1,
o 0.72
Division 2
Location Class 2 0.60
Location Class 3 0.50
Location Class 4 0.40

(Table 03 — Location and design factor)

ASME B31.8 has defined location classes as follows
Location Class I - A Location Class 1 is any 1 mile section that has 10 or fewer buildings
intended for human occupancy. A Location Class 1 is intended to reflect areas such as wasteland,

deserts, mountains, grazing land, farmland, and sparsely populated areas.

Division 1 :

A Class 1 location where the design factor of the pipe is greater than 0.72, but equal to or

less than 0.80, and which has been hydrostatically tested to 1.25 times the maximum operating

pressure.

University Of Petroleum and Energy Studies
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Division 2 :

Class 1 location where the design factor of the pipe is equal to or less than 0.72 and
which has been tested to 1.1 times the maximum operating pressure.
Location Class 2:

A Location Class 2 is any 1 mile section that has more than 10 but fewer than 46
buildings intended for human occupancy. A Location Class 2 is intended to reflect areas where
the degree of population is intermediate between Location Class 1 and Location Class 3 such as
fringe areas around cities and towns, industrial areas, ranch or country estates, etc.

Location Class 3: |

A Location Class 3 is any 1 mile section that has 46 or more buildings intended for
human occupancy except when a Location Class 4 prevails. A Location Class 3 is intended to
reflect areas such as suburban housing developments, shopping centers, residential areas,
industrial areas, and other populated areas not meeting Location Class 4 requirements.

Location Class 4:

Location Class 4 includes areas where multisfory buildings are prevalent, and where

traffic is heavy or dense and where there may be numerous other utilities underground.

Multistory means 4 or more floors above ground including the first or ground floor.

3.1.2 Longitudinal joint factor, E

Longitudinal joint factor [E] for API 5L

Pipe class E Factor

Seamless 1.0

Electric resistance welded | 1.0
Electric flash welded 1.0
Furnace butt welded 0.6

Submerged arc welded 1.0
(Table 04 — Longitudinal joint factor)
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3.1.3 Temperature Derarating factor, T

Temperature Derating Factor [T] for Steel Pipe

Temperature °F | T Factor
121 or less 1.000
149 0.967
177 0.033
204 : 0.900
232 0.867

(Table 05 — Temperature derating factor)
Considering the Location Class 2, Electric resistance welded pipe, and the temperature below
121 °F.

F =0.60

E=1.00

T=1.00

3.2 Calculation of Pipe Diameter

The internal diameter is one of the most important variables to be used in flow calculations. The

internal diameter is calculated using the formula,

Internal Diameter = Outer Diameter - 2 x (Pipe Thickness) (3.2)
Calculation For Internal Diameter '
Outer Diameter | SMYS | Thickness Internal Diameter
inches psi inches inches
20 60000 | 0.362594 19.27481111
20 70000 [ 0.310795 19.37840952
22 60000 | 0.398854 21.20229222
22 70000 | 0.341875 21.31625048
24 60000 | 0.435113 23.12977333
24 70000 | 0.372954 23.25409143

(Table 06 — Calculation for internal diameter)
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3.3 Reynold’s Number

An important parameter in flow of fluids in a pipe is the non dimensional term Reynolds number.
The Reynolds number is used to characterize the type of flow in a pipe, such as laminar,
turbulent, or critical flow. It is also used to calculate the friction factor in pipe flow. We will first
outline the calculation of the Reynolds number based upon the properties of the gas and pipe
diameter and then discuss the range of Reynolds number for the various types of flow and how to
calculate the friction factor. The Reynolds number is a function of the gas flow rate, pipe inside

diameter, and the gas density and viscosity and is calculated from the following equation:

Re =Dvp/u (3.3)
Or
Re = 0.5134*(Py/Tp)*(yQ/uD) (34

3.4 Calculation of Reynold's Number for the gas in all the given cases

INPUTS

Flow Rate 15Mmscmd = 529.313 Mscfd
Viscosity 0.009389 cp

Gas Gravity 0.66

University Of Petroleum and Energy Studies ' 15
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Internal

Diameter, inches

19.27481111
19.37840952
21.20229222
21.31625048
23.12977333
23.25409143

3.5 Friction Factor

Reynold's

Number

38607.97487
38401.57377
35098.15897
34910.52161
32173.31239
32001.31148

Friction factor is defined as the ratio of the shear stress at the fluid solid surface interface and the

kinetic energy of the fluid per unit volume, is used in computing the magnitude of the pressure

drop due to the friction

Colebrooke-White Equation:

The Colebrook-White equation, sometimes referred to simply as the Colebrook equation, is a

relationship between the friction factor and the Reynolds number, pipe roughness, and inside

diameter of pipe. The following form of the Colebrook equation is used to calculate the friction

factor in gas pipelines in turbulent flow.

1 (=2) 1 [ e 4 2.51
— = (—2)} {ogysi
JF 37D N, V,»’f}

Where,

f = Friction Factor, dimensionless.

Nre = Reynold’s Number, dimensionless.

D = Internal diameter, inches.

e = pipe internal roughness, metres.

University Of Petroleum and Energy Studies
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Since Re and f are dimensionless, as long as consistent units are used for both e and D, the
Colebrook equation is the same regardless of the units employed. Therefore, In SI units, e and D
expressed in mm. | |

For turbulent flow in smooth pipes, the first term within the square brackets is negligible
- compared to the second term, since pipe roughness e is very small.

Therefore, for smooth pipe flow, the friction factor equation reduces to,

2.51

1
= (~2logy(——)
x}'f ‘vRs“f?) (3 . 6)

To calculate the friction factor £, we must use a trial-and-error approach. It is an implicit equation
in f, since f appears on both sides of the equation. We first assume a value of / (such as 0.01) and
substitute it in the right-hand side of the equation. This will yield a second approximation for f,
which can then be used to calculate a better value of £, and so on. Generally 3 to 4 iterations are

sufficient to converge on a reasonably good value of the friction factor.

3.6 Calculation of Friction Factor for all the given cases

For pipe 20X60, Reynold's number = 38607.97

Friction

Factor Equaling
0.01 3.625994
0.02 0.396031
0.021 . ' 0.20443
0.022 0.025569
0.0221 0.008329
0.02211 0.006611
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0.02212 0.004895
0.02213 0.003179
0.02214 0.001465
0.02215 -0.00025

For pipe 20X70, Reynold's number = 38401.57

Friction

Factor ' Equaling
0.01 3.630649
0.02 0.400687
0.021 0.209086
0.022 0.030225
0.0221 0.012985
0.02211 0.011267
0.02212 0.009551
0.02213 0.007835
0.02214 0.006121
0.02215 ‘ 0.004407
0.02216 0.002695
0.02217 0.000984
0.02218 -0.00073

For pipe 22X60, Reynold's number = 35098.16

Friction

Factor Equaling
0.01 3.708779
0.02 0.478817

University Of Petroleum and Energy Studies

18



0.021
0.022
0.0221
0.0222
0.0223
0.0224
0.0225
0.0226
0.02261
0.02262
0.02263
0.02264

Designing of a Natural Gas Pipeline

0.287215
0.108355
0.091114
0.073986
0.056969
0.040062
0.023263
0.006571
0.004908
0.003246
0.001585
-7.5E-05

For pipe 22X70, Reynold's number = 34910.52

Friction

Factor

0.01
0.02
0.021
0.022
0.0221
0.0222
0.0223
0.0224
0.0225
0.0226
0.02261
0.02262
0.02263

Equaling

3.713435
0.483473
0.291871
0.113011
0.09577

0.078642
0.061625
0.044718
0.027919
0.011227
0.009564
0.007902
0.006241

University Of Petroleum and Energy Studies
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0.02264 0.004581
0.02265 0.002922
0.02266 0.001264

0.02267 -0.00039

For pipe 24X60, Reynold's number = 32173.31

Friction

Factor | Equaling
0.01 3.784356
0.02 0.554394
0.021 0.362792
0.022 0.183932
0.023 0.016433
0.0231 0.000261
0.02311 -0.00135

For pipe 24X70, Reynold's number = 32001.31

Friction

Factor Equaling_

0.01 3.789012

0.02 0.55905 h
0.021 0.367448

0.022 0.188588

0.023 0.021089

0.0231 0.004917

0.02311 0.003305

University Of Petroleum and Energy Studies
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0.02312 0.001695
0.02313 8.5E-05
0.02314 -0.00152

The friction factor for the various pipe combinations are shown below.

Pipes ‘ Friction Factor
20x60 0.02214

20x70 0.02217

22x60 | 0.02263

22x70 0.02266

24x60 0.023 1

24x70 0.02313

(Table 07 — Friction factor for various pipe combinations)

3.7 Transmission Factor
The transmission factor F is considered the opposite of the friction factor f.

Where as the friction factor indicates how difficult it is to move a certain cjuantity of
gas through a pipeline, the transmission factor is a direct measure of how much gas
can be transported through the pipeline. As the friction factor increases, the
transmission factor decreases and, therefore, the gas flow rate also decreases.
Conversely, the higher the transmission factor, the lower the friction factor and,

therefore, the higher the flow rate will be. The transmission factor F'is related to

the friction factor f as follows:
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3.8 Calculation of Transmission Factor

Friction
Pipes Factor F
20x60 0.02214 13.4413
20x70 0.02217 13.4322
22x60 0.02263 13.29498
22x70 0.02266 13.28618
24x60 0.0231 13.15903
24x70 0.02313 13.1505

(Table 08 — Transmission factor for various pipe combinations)

3.9 Gas Flow Equation

One of the most widely used equations for long transmission lines is the Panhandle equation. The

pipeline flow equation is thus given as follows:

-

SC p _ p‘} 1 233
q — 109 364‘ (P )104!} (é_ﬁ)e .51 (1 }'}‘;9 00&)
s Ha (.8)

Where,
g.. = gas flow rate measured at standard conditions, Mscfd.

= pressure at standard conditions, psi

= temperature at standard conditions, °R
P, = upstream pressure, psi

p, = downstream pressure, psi

Z_, = average gas compressibility factor
T.. = flowing temperature, R

L = Length of pipe, ft
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e
Il

gas gravity (air = 1 basis)
d = diameter of the pipe, ft

1i; = gas viscosity, cp

The Panhandle B equation is most applicable to large diameter pipelines, at high values of
Reynold’s number. Implications of this equation is made possible by the various assumptions we

have considered for this analysis. They are as follows,

No mechanical work:

It is assumed that no work is done on the gas between the points at which the pressures are
measured. This condition can be satisfied easily by putting pressure measurement stations such

that no mechanical energy is added between these two points.

Steady-state flow:

Rarely, if ever, encountered in practice, this assumption is the major cause of discrepancies in
pipeline calculations. Reasons for unsteady behavior include: pressure/flow pulsations or surges,

liquids in the pipeline, variations in operating conditions, variations in withdrawal or supply

rates, etc.

Isothermal flow: '
This assumption is usually met because buried pipelines are used which are not affected much by

atmospheric temperature va;iations. Heat of compression is also dissipated rapi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>