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Domestic Use in Libyan Benghazi City)

IAlsadek Ali Alguail, 2Ali Hussien Al-Eggiely

'Faculty of Engineering-Garabolli, Elmergib University
2Faculty of Engineering — Alkhoms, Elmergib University

saalghwil@elmergib.edu.ly - Ahaleggiely@elmerbib.edu.ly

gadladl

SN sy el S i gl e # a3 Lobasly Lz ol 81 e G el Sl bl boas e oY1 0l (3
Sl Ll by A ol Gl B> gy 4 By Lakdlly ) s Jiee (1 e Sl o e gl UL e £ gl B B
S Il sgney SO ronseall A1 Znd) Sliolyey 3151 (o S ppicd) o) S¥oliae plasend ¢ )l das o 3 Lhas
SU LW Loy ity Lty gadYl sl Lars gl Jpodl 25 copa¥) o BT cosiW b s ¢ qead) 3 ool Jalgal) om0
) Lo 58T i ) Yl ) 314173 (gl ) (319685 (sl ) (31133.85 (10 (Ao 0.157 dog 12 Sl e Lo a8 s
B ELE o Lo Jpadl & Sl sl ol o 5 ) :Mm T

sl (—;\J’;lmm (oxnb e ¢ panali el oA -Ajalidall ailalsy)

Abstract
The research paper focuses on the design of a natural gas transmission pipeline for providing home gas

in Benghazi city. The study utilizes advanced technologies in gas transmission, specifically natural gas
pipelines. The research methodology involves the collection of secondary data on gas sales, which includes
flow rate, pressure, and temperature. An empirical study is conducted to analyze the gas properties and calculate
the physical characteristics necessary for pipeline design. To design the gas pipeline, hydraulic design formulas
from recognized standards such as ASME B31.8 and API 5L are employed. These formulas are used to calculate
various parameters critical to the design process, including pipe diameter, pipe wall thickness, schedule
number, maximum operating pressure, burst pressure, and hydro test pressure. The calculated values for these
parameters are determined as follows: pipe diameter of 12 inches, pipe wall thickness of 0.157 inches, schedule
number of 10, maximum operating pressure of 1133.85 psi, burst pressure of 1968.5 psi, and hydro test pressure
of 1417.3 psi. To ensure accuracy and precision, it is recommended to simulate the designed pipeline using
appropriate software or programs. This simulation process will verify the convergence of all the designed
parameters, confirming the feasibility and efficiency of the pipeline design. By employing simulation, any
potential issues or discrepancies can be identified and addressed before the actual construction of the gas
transmission pipeline.

Keywords: Pipeline, design, Natural Gas, Domestic.
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1- Introduction

The efficient and effective
transportation of natural gas, from its
production site to the end consumers,
necessitates a comprehensive and intricate
transportation system. This system is
closely linked to storage, as any excess
natural gas that is not immediately
required upon reaching the end of the
pipeline or transportation system can be
stored for later use. It can be released from
storage facilities when there is a demand
for it. It is important to note that the
natural gas used by consumers differs
significantly from the gas extracted from
underground and brought to the wellhead
[James, 2019].

Various options exist for the
transportation of natural gas energy from
oil and gas fields to the market [Guo
Buoyan et al., 2005]. These options include
Pipeline Natural Gas (PNG), Compressed
Natural Gas (CNG), Liquefied Natural
Gas (LNG), and Gas to Solid (GTS), such
as hydrates. Among these options,
pipeline  transportation and LNG
technology have emerged as the most
significant and well-developed methods,
while CNG and GTS technologies are still
in the developmental stage [Correa, T., &
Osorio, N, 2009].

Pipelines have emerged as a highly
convenient method of transportation;
however, they lack flexibility when it
comes to delivering gas from a single
source to a specific destination [Cranmore
and Stanton, 2000]. Pipelines are essentially
interconnected pipes that are fixed in place
for the purpose of transmitting gases,
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liquids, slurries, and other substances
from their points of origin to one or more
distribution centers or large-volume
customers. These pipes serve to establish
connections between sources of supply
and their intended destinations. Pipes, in
this context, refer to tubes with a round
cross-section that adhere to the
dimensional requirements for nominal
pipe size.

Over the past centuries, an average of
more than 12,000 miles of newly
constructed gas pipelines has been laid
each year, with many of these pipelines
crossing national borders. It is widely
believed that if factors such as political
stability and other variables can be
ensured, pipelines can offer a sustainable
long-term solution for natural gas
transportation [Lyons W; 2011].

In the system approach to pipeline
design, four interrelated aspects must be
considered: hydraulic design, mechanical
design,  geotechnical  design, and
operations/maintenance design. These
aspects collectively contribute to the
overall design of the pipeline system.

The primary objective of pipeline
design is to identify a suitable pipeline that
can safely transport fluids from oil and gas
fields to storage or utilization sites [Mike
Y, 2010]. In order to ensure the safety of
personnel and the general public, various
codes and standards have been established
to guide the design, construction, and
operation of pipelines. These codes and
standards aim to minimize the risks
associated with high-pressure pipelines
[Cult et al, 2008].

To design an appropriate gas pipeline,
it is crucial to estimate the properties and
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compositions of the gas. Benghazi, the
second largest city in Libya, is situated in
the northeastern region of the country
along the coast of the Gulf of Sidra, which
borders the Mediterranean Sea. Currently,
natural gas is not utilized for cooking and
heating purposes in residential areas of
Benghazi. Instead, liquefied petroleum
gas (LPG), specifically propane or butane,
is used as the primary gas supply within
households. LPG is either purchased in
cylinders or delivered in bulk through road
tankers and stored in fixed cylinders
located near the residences. The transport
and storage of gas, even in small
quantities, carry a significant risk of fire or
explosion. However, replacing the current
system of gas delivery through road
transport and storage with a domestic
natural gas pipeline system offers inherent
advantages in terms of safety and ease of
use [Cera/IHS, 2007].

Previous field studies conducted by
Mahmoud Hassan et al. [2008] have
demonstrated the feasibility of supplying
natural gas for domestic use in the city of
Benghazi. This can be achieved by
designing a natural gas transmission
pipeline that connects to the existing
Brega-Benghazi pipeline, which passes
near the city. The proposed design
involves two feeding points and two lines
with two tracks extending from the
feeding points to two metering and
pressure reduction stations (PMRS)
numbered 1 and 2. Each station has a
maximum gas flow rate of 60,000 m3/hr,
as depicted in Figure 1. The first PMRS is
located at the northeastern border of the
city close to the electrical power plant,
while the second PMRS is situated in the
southern part of the city near the cement
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factory. It is anticipated that the gas
capacity transferred by the proposed
pipeline will be sufficient to meet the
domestic gas consumption needs of
approximately 100,000 customers
[Mahmoud Hassan et al., 2008].

For the purpose of this study, the focus
is on the gas line route from the feeding
point to PMRS No. 2, as indicated by the
red line in Figure 1. This specific segment
will be used for the design steps of the
proposed natural gas transmission
pipeline. The design process involves
collecting secondary data on a sales gas
pipeline and conducting an empirical
study to determine the gas's properties and
physical characteristics, which will be
utilized in the design of the gas
transmission pipeline.

e, A

‘Figure (1) PRMS& Off Takes Locations
for Benghazi City (Mahmoud H. et al., 2008)
2. Methodology

The gas data and other relevant
information utilized in the design process
of the gas pipeline were obtained from
[GGTDC, 2023], as outlined in the
following list. The subsequent sections
provide a comprehensive description of
the pipeline design procedure and the
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specific equations employed in each
design step.
Table (1) Gas composition
Mole | Molecular
No- component Frz(ﬂ&)ion W(el‘\l/(‘I:];] t
I g/mlol
1 gf‘gg%“e 0.024 44
2 Nitrogen 0.058 28
3 methane 0.8368 16
4 Ethane 0.0883 30
5 propane 0.0271 44
6 I-Butane 0.0054 58
7 N-Butane 0.0066 58
8 I-Pentane 0.0026 70
9 N-Pentane 0.0019 72
10 Hexane + 0.0015 86
Gas sales pressure, temperature and flow
rate:
The gas data which are pressure,

temperature and gas capacity as gained from
(GGTDC), also the distance between the
feeding point and delivery point of the gas
through pipeline as gained from (GGTDC) are
as the following :

- Inlet pressure = 17 bar (246.56 psia)

- Minimum Outlet delivery pressure = 11
bar (159.54 psia)

- Inlet flowing temperature (Tf) = 70 FO

- Gas capacity = 53000 m3 / hr (44.92
MSCF/D)

- Base pressure and temperature ( P, = 14.7
psi, To =60 FO)

Other needed data:

Distance between the feeding point and
delivery point of the gas = 11 km = 36089.24
fi = 6.8mile

The terrain is flat and accessible, so there
is no effects for elevation on pipe pressure and
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the pipeline will be designed as horizontal
pipe.
2.1. Calculation of Gas Properties

2.1.1 Determination of Apparent
Molecular Weight

The molecular weight (Ma) of the gas
can be estimated from the following
Formula:

1)

is the mole fraction of

Mg = (Yix M;)
Where: Yi
component | in gas mixture, Mi is the
molecular weight of component i [ E.shahi
,2016].
2.1.2 Determination of Gas Gravity (G)
The gas gravity (G) can be calculated

from the following formula:

(2)
Where: Mair is the molecular weight of
the air which equal to 28.96 g/mol
[E.shahi ,2005].
2.1.3 Determination of Gas compressibility
Factor, Z

The gas compressibility factor can be
evaluated using Katz and standing chart
based on the psedo-reduced temperature

and pressure as the following:
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2.1.3.1 Calculation of the pseudo-critical
temperature (Tc) and pressure (Pc) using
the following correlation:

P = 677 + 15G — 37.5G? (3)
Where G is the gas Gravity, Pc critical
temperature (psi )

T, = 168 + 325G — 12.5G%  (4)
Where Tc is the critical temperature (R°)
[Lyons and Plisga, 2011].
2.1.3.2 Calculation of the pseudo-
reduced temperature (Tr) and pressure

(Pr)

T
TT = T_C (S-A)
Pay
b= ch (S'B)

Where: T is the flowing inlet temperature
of the gas (R?), Pavg. is the average pressure
of the gas which can be estimated from the

following equation :

2 pP3-p3
Pavg = E(u (6)

pPZ-p?

Where: Py, P2 are the inlet and outlet
flowing pressures of the gas through the
pipe (psi)

[Lyons and Plisga, 2011; H.Dale Beggs ,1984].
2.1.3.4 Determination of Gas Density (p)
The gas density can be calculated from

the following Formula:

PaygMqg

p=— (6)
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where : p is the gas density (b/ft3), Payg
is the average pressure of the gas (psi), Ma
is apparent molecular weight of the
gas(b/mol), z is gas deviation factor, T is
inlet flowing temperature of gas (R%), R is
the gas constant which equal to (10.73
ft®psi / mol. R% [Lyons and Plisga, 2011].
2.1.3.5 Determination of Gas Viscosity (p)

The viscosity of natural gas mixture can
be determined by the correlation
developed by Lee,et .al in (1966) as shown
in equation (8) below which:

1y = K.10"*e(Xpy) )
. _ (94+40.02M)TS5
Where: K= 209+19M+T '

X=3.5+9j—6+ 001M,Y=24—-02X

Lg : dynamic viscosity of gas mixture (Cp),
M . molecular weight of gas mixture, T
:gas Temperature (R®), pg: gas density (g
/cm®) [H. Beggs , 1984].

2.2 Pipeline Sizing

2.2.1. Determination of Pipe Diameter
The inside pipe diameter (d) can be
estimated using Weymouth equation as

shown in equation (9) below:

p2_p2
Qg = 1.1 d*S7[ 2117 (8)

[Maurice Stewart, 2016].

72

'#
g
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where : Qg Is the flowing gas flow rate
(capacity) (MSCF/D), d is the inside pipe
diameter (inch) , P1and P are the flowing
inlet and outlet gas pressures through the
pipe (psi) , L is the length of the pipe (ft),
Z is the gas deviation factor , G is the gas
gravity, T1 is inlet gas temperature (R?).
2.2.2. Determination of Gas velocity
pipeline

The gas velocity at any point in a pipeline
can be estimated from the equation (9-A)

below:

u = 0002122 () (j—z) &
Where: u: Gas velocity (ft/s), Qu: Gas

flow rate, measured at standard condition

(ft¥/day), D: Pipe inside diameter (in) , Ps
- base pressure (psia), Tp: base temperature

(9-A)

(R%, P: gas pressure (psia),T: Average
(R°)

Z:. Gas compressibility factor at flowing

gas flowing Temperature
temperature [E. Shashi Menon ,2016].
The upper limit of gas velocity in a

pipeline can be approximately calculated

from the following equation:
Upax = %’ (9-B) [E. Shashi

Menon ,2016].
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where: Umax: maximum or erosional
velocity (ft/s), p: gas density at flowing
temperature ( Ib/ft3).

2.2.3 Determination of pipe Nominal
Thickness
The nominal wall thickness of pipe

can be calculated using Barlow equation
(10) below:

PgD
——+ C
2€W178yFt + a

[ Boyun Guo and Ali Ghalambor ,2005]

where, tnom @ nominal wall thickness
(mm) , Pq : Design internal pressure (psi)
D: internal inside diameter of pipe (mm)
€w : weld efficiency factor for pipe

dy: specified minimum Yield strength of
pipe , n : design factor, F¢:temperature
derating factor , and Ca : corrosion
allowance thickness (mm).

2.2.4 Determination of pipe schedule
number
The schedule number of the pipe can be

(10)

tvom =

calculated from the following Formula:
Sn = 1000X ¢ (11)
[ Boyun Guo and Ali Ghalambor ,2005]
Where: Sn: pipe schedule number, P:
design internal pressure (psi)
S: Specified minimum yield strength

of pipe (psi).

'?
g
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2.2.5 Determination of Reynolds Number
and Friction Factor

The Reynolds number for the gas flow
in pipeline can be evaluated from the

equation (12-A) below:

20QG

N, =
Re uD

(12-A) [Maurice, 2016]

Where: Nre : Reynolds number, Q: gas
flow rate (MSCF/D), u: gash viscosity
(cp), and D: pipe inside diameter (inch).
The friction factor of the pipe for turbulent
flow can be estimated from the equation
(12-B) below:

f05 —

[Saeid Mokhatab et al ,2006]
Where, f: friction factor of pipe, D: pipe

1
2 log(%)+1.14

(12-B)

inside diameter (in), € : pipe roughness (inch)
2.2.6 Determination of gas pipeline design
pressures

2.2.6.1 Maximum allowable pipeline
operating pressure (MAOP)

The maximum of allowable operating
pressure pipeline can be calculated from the

following formula:
MAOP =2 x F x SMYS x = (13)

Where, MAOP: maximum of allowable

operating pressure pipeline (psi)

Rwafed Al- Maerefah 12 - 2024
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F: design factor for natural gas pipelines,
t: pipe wall thickness (mm)
D: pipe inside diameter (mm)
SMYS: specified minimum yield strength
of pipe material (psi)
[ E. Shashi Menon, P.E.,2005]
2.2.6.2 Pipeline Bursting pressure (BP)
The bursting pressure of pipeline can be
evaluated from the following formula:

BP =2 X (SUTS) X = (14)
Where: BP is the bursting pressure of gas
pipeline (psi), SUTS is the specified
ultimate tensile strength of pipe material
(psi), t is the pipe inside diameter (mm), t
‘pipe
[ E. Shashi Menon, P.E.,2005]
2.2.6.3 Plastic collaps pressure (Py)

wall thickness (mm),

The plastic collapse pressure of the gas
pipeline (psi) can be estimated from the
following formula:

Py =2XSMYS X+ (15)
2.2.6.4 Hydro test pressure (Hr)
The maximum hydro test pressure of
pipeline (psi) can be evaluated from the
following formula:

Hy = 1.25 X MAOP (16)
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2.2.6.5 Pressure drop (AP)
The pressure drop of the gas through the
pipeline (psi) can be calculated from the
following formula:
AP = P, — P, 17
Where: Pi, P2 are inlet and outlet
pressure of the gas through the pipeline
[E. Shashi Menon, P.E.,2005].
3. Results and Discussion
3.1. Results of Gas Properties
3.1.1 Apparent Molecular Weight:
By applying the equation (1) using the
mole faction and the molecular weights of
all the components in gas mixture, the
estimated values are summarized in table
(2) below; the resulted total apparent
molecular weight of the gas mixture is
21.0414 g/mol.
Table (2): Gas Apparent molecular weight

estimation

carbon

1 Ry 0.024 44 1.056
dioxide
2 Nitrogen 0.058 28 1.624
3 methane | 0.8368 16 13.38
4 Ethane 0.0883 30 2.649
5 propane 0.0271 44 1.1924
6 1-Butane | 0.0054 58 0.3132
7 N-Butane | 0.0066 58 0.3828
8 |1-Pentane | 0.0026 70 0.182
9 N-Pentane | 0.0019 72 0.1368

=
o

H +

86
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Based on the gas compositions outlined in
Table (2),

predominantly consists of methane and

it is evident that the gas

ethane, with higher concentration levels,
along with other hydrocarbon and acid gases
in lower quantities. Therefore, based on this
composition data presented in Table (2), it
can be concluded that the gas is classified as
a dry gas that meets the necessary criteria for
designing gas transmission pipelines.

3.1.2 Gas Gravity (G)

Using the equation (2), the obtained gas
gravity (G) value was 0.726 as the following:

21.0452

G =
28.9625

=0.726

3.1.3 Gas Compressibility Factor (Z)
Firstly, by allying the equations (3, 4,),

obtained values of pseudo-critical

temperature (Tc) and pressure (Pc) are:
397.36 R°, 668.124 Psi

P, =677 + 15 % 0.726 — 37.5  0.726% =
668.124 Psi

T, = 168 + 325 * 0.726 — 12.5 * 0.7262 =
397.36 R°
Secondly, using equations (5-A, 5-B, 6),
the resulted values of the pseudo-reduced

temperature (Ty) and pressure (Pr) are:

1.33, 0.3085
- 70+460 _ 4 2o ’
397.36
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2 (246.56%—159.543 ,
Favg = 5(246.562—159.542 ) = 206.15Psi
206.15
) = =0.3085
668.124

Thirdly, using the obtained values of Ty, Pr
and by referring to Katz and Standing
chart [H.Dale Beggs,1984] the estimated
value of gas compressibility factor (z) of
the gas was 0.960.

3.1.4 Gas Density (p)

By applying equation (6), the estimated
value of gas density (p) was 0.794 b/ft® as

the following:

_ 206.15%21.0452
T 0.96%10.73%530

3.1.5 Gas Viscosity (p)
Firstly, the constants K,X,Y in equation

= 0.794 b/ft3

(7) were estimated and the obtained values
were 103.16,5.606,1.278 as the following:

_ (9.4+0.02%21.0452)520%5
T 209+19%21.04524520

X =35 +%+ 0.01 » 21.0452 = 5.606

= 103.1 ,

Y =24-0.2* 5606=1.278
Then by substituting the obtained values
of K, X, Y constants into equation (7), the
calculated value of gas viscosity was

0.010536 cp as the following:
Ly = 103.16.107*e(5.606 x 0.012721278) =
0.010536 cp

3.2. Results of Pipeline Sizing

3.2.1. Pipe inside Diameter

Rwafed Al- Maerefah (12 - 2024)
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The pipe inside diameter was calculated
by applying Weymouth equation (8), the
obtained value of pipe inside diameter was

12 inch as the following:

2 2
246.562-159.54 1172

_ 2.67
44.92=11d [(36089.24)(0.96)(0.726)(530)

d?¢7 =793.143,

d =12.187 inch 212.0 inch

Therefore, The Pipe Inside diameter will
equal to 12 inch (309.8mm).

3.2.2. Gas velocity in pipeline
According to equations (9-A,9-B), the
estimated values of entering, outlet and
erosional (maximum) gas velocity in
pipeline were (38.61 ft/s, 59.67 ft/s ,112.22
ft/s ) as the following :

For entering gas velocity, P = P1 = 246.56
psia, T=T; =530 R? Z =0.960, D = 12 inch,
Qb = 53000m3/hr (44920256.07 ft3/day).

u, = 0.002122 (M) (ﬂ) (0-960*530) _

122 520 246.56

38.615 ft/s = 11.76 m/s .
For outlet gas velocity, P = P2 = 159.54
psia, T= T1 =530 R°, Z = 0.960

u, = 0.002122 (w) (ﬂ) (0-960*530) _

122 520 159.54

59.67 ft/s = 18.18 m/s.

For erosional gas velocity, by applying
equation (9-B) for gas density (p = 0.794
b/ft),

100 ft
Umax = Jo2ez = 112.22= = 3420 m/s

76
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Typically, in cases where the gas contains

certain amounts of sand or other
impurities, it is recommended to maintain
an operational gas velocity below 50% of
the erosional gas velocity. This precaution
IS necessary to prevent vibration, noise,
and long-term erosion of the pipe interior.
Upon evaluating the obtained values of the
entering, outlet, and erosional gas
velocities, it is evident that these values
fall the

Therefore, the gas velocities meet the

within acceptable  range.

required criteria, indicating that the
operational gas velocity remains within
the acceptable limits to ensure the
avoidance of vibration, noise, and pipe
interior erosion over an extended period of
time.

3.2.3 Results of Pipe Nominal Thickness
By applying Barlow equation (10), the
estimated value of pipe nominal thickness

was about 4mm as the following:

Pda = P1 = 246.56 psia, D (pipe inside
diameter) = 12 inch (304.8mm) ,For the
proposed design of pipeline Ew =1.0 for
steel pipe seamless Arc weld (SAW or
DSAW ), Ft (temperature derating factor )
= 1.0 for temperature under 250 F°. The

Rwafed Al- Maerefah (12 - 2024)

77

o4 £

Abadek LLG Ali

recommended value of corrosion
allowance thickness Ca is 1/16 inch (1.58
mm). The design factor (n) for the
proposed design of pipeline is 0.72 for gas
lines [E.W. McAllister, 2002]. Jy:
Specified minimum Yield strength of
pipe(SMYS) is 25000 psia for Pipe
specification APl 5L Type (seamless Arc
weld) according to ASME B31.8-2016
standard for materials and equipment
specification

(246.56)+(304.8)

1.58 =
2x1%0.72%25000%1 +

tnom =
3.66 mm = 4.0 mm

According to ASME B31.3 Pipe sizing,
the estimated value of pipe wall thickness
(4 mm)

is in compliance with ASME B31.8 code
for 12 inch, X -60 grade for steel pipes.
3.2.4 Results of Pipe Schedule Number
The estimated value of schedule number
(Sn) of the designed pipe was 10.0 as the
following:

P = P1 (Gas entering pressure) = 246.56
psia, Specified minimum yield strength of
pipe(S) = 25000 psia

Sn = 1000 * 2252¢ _ 986 =10.0
25000

&=

'?
g
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According to the nominal pipe size tables
presented in Pipe Properties [E. Shashi
Menon, P.E. 2005], a 12-inch nominal size
pipe with a schedule number of 10 has a
thickness of 4.57 mm. This calculated
value aligns with the thickness obtained
using the Barlow equation. The schedule
number denotes the pressure rating of
pipes, their
withstand pressure. It

indicating capacity to
is crucial to
determine the schedule number when
ordering pipes to ensure the appropriate
selection for the intended application.
3.2.5 Results of Reynolds number and
friction factor

By applying equations (12-A, 12-B), the
estimated values of Reynolds number and
friction factor were 5158.807, 0.01318 as

the following:

20%44.92x0.726
Nge = 2242920726 — 5158.807
0.010536%12

The Reynolds number is used to predict
the fluid pattern, since the estimated value
was greater than 2100, an indication that
the gas flow regime is turbulent.

For the pipe fraction factor, for carbon

steel pipe (non-corroded) ¢ = 0.001968

1
f0'5 = 12

Zlog(m)+1.14 '
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1
= = 0.01318
! j((—))

3.2.6 Results of Gas Pipeline Design
Pressures

3.2.6.1 Maximum allowable pipeline
operating pressure (MAOP)

By applying the equation (13), the
evaluated value of MAOP was 1133.85
psia as the following:

Design factor for natural gas pipelines (F=
0.72), for AP1 5L (Note 2) grade X60 steel
pipes, SMYS of the selected pipe material
= 60 000 psi.

MAOP = 2 % 0.72 X 60000 X —— =
304.8

1133.85 psi (78.17 bar)

3.2.6.2 Pipeline Bursting Pressure (BP)
According to equation (14), the estimated
value of bursting pressure of designed
pipe was 1968.5 psi as the following:

For API 5L (Note 2) grade X60 steel
pipes, SUTS of the selected pipe material
=75 000 psi,

BP = 2 x (75000) ><304—4_8 =
1968.5 psi (135.72 bar)
3.2.6.3 Plastic Collaps Pressure (Py)

By applying the equation (15), the
calculated value of collaps pressure was
1574.8 psi as the following:
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Py = 2 X 60000 X —— =
1574.8 psi (108.57 bar)
3.2.6.4 Hydro Test Pressure (HT)
According to equation (16), the evaluated
maximum hydro test pressure of the
designed pipeline (Ht) was 1417.31 psi as
the following:

Hy = 1.25x1133.85 =
1417.31 psi (97.72 bar)
3.2.6.5 Gas Pressure Drop (AP)
By applying equation (17), the estimated
value of gas pressure drop was 87.02 psi
as the following:

AP = 246.56 — 159.54 =
87.02 psi ( 6 bar)
As shown from the pressure drop value,
the gas pressure in pipeline is decreased
and this drop of pressure is mainly due to
Table (3) below

summarize all the results of the design

frictional effects.
parameters.

4. Conclusion and Recommendation
The design of the gas transmission
pipeline involved the utilization of
relevant design equations from ASME and
APl codes/standards. These equations
were employed to estimate crucial

parameters such as the appropriate

Rwafed Al- Maerefah (12 - 2024)

A

19455

Abadek LLG Ali

diameter, wall thickness, schedule
number, and pressure ratings. The gas
properties were also calculated using
appropriate equations tailored to the
specific requirements.

Based on the design process, several
significant design parameters were
obtained, including a pipe inside diameter
of 12 inches, a pipe wall thickness of
4mm, a pipe schedule number of 10, a
maximum allowable operating pressure of
1133.85 psi, and a burst pressure of 1968.5
psi. To ensure accuracy and precision, it is
recommended to employ an appropriate
simulation program to simulate the
designed pipeline. This simulation process
will aid in verifying that all the obtained
design parameters align with the
simulation results, thereby confirming the
reliability and functionality of the

designed gas transmission pipeline.
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Number Parameter value /unit
1 Flow capacity , Q 53000 m3/ hr (44.92 MSCF/D)
2 Inlet Pressure,P1 17 bar (246.56 psia)
3 Out Pressure,P2 11 bar (159.54 psia)
4 Inlet Temperature , T 70 F°
5 Pressure Drop (Ap ) 87.02 psi ( 6 bar)
6 Apparent Gas Molecular weight (Ma) 21.0452 g/mol
7 Gas Gravity , G 0.726
8 Gas Density ,p 0.794 b/ft3
9 Gas Viscosity , 1 0.010536 cp
10 Gas deviation factor, Z 0.960
11 Pipe diameter, D 12 inch ( 309.8 mm)
12 Pipe thickness, t 0.157 inch (4 mm)
13 Pipe length, L 11 km (36089.24 ft)
14 Inlet gas velocity 36.58 ft/s (11.49 m/s)
15 Out let gas velocity 56.53 ft/s (17.23 m/s)
16 Erosional (maximum ) gas velocity 116.33 ft/s (35.45 m/s)
17 Reynolds number, Nre 5158.807
18 Pipeline Specified Minimum Yield Strength 60000 psia
19 Pipeline Specified Ultimate Tensile Strength 75000 psia
20 Pipeline Maximum Allowable Operating Pressure 1133.85 psi ( 78.17 bar)
21 Pipeline Bursting Pressure (BP) 1968.5 psi (135.72 bar)
22 Pipeline Hydro test pressure 1417.31 psi (97.72 bar)
23 Schedule Number 10.0
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