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1. Introduction

Gas leakage from the transmission, supply, and
urban distribution network pipelines, in addition to
triggering the loss of a large volume of gas and,
sometimes, gas-flow shut off, can result in human
and environmental damages. Thus, the non-
controlled leakage will bring annually expensive
losses to the National Iranian Gas Company.
Unlike the exertion of all technical conservations
and predictions in the design, implementation, and
exploitation from the distribution networks and gas
transmission lines, we can never estimate the gas
leakage emergence possibility at zero. Hence, the
calculation of the gas leaked from natural gas
pipelines is an extensively important and most
demanded issue. Majority of the previous studies
in this regard have addressed gas leakage from
above-ground  pipelines. However,  few
investigations on buried or under-ground pipelines
are available. Furthermore, in some cases, the
numerical studies have been conducted using two-
dimensional simulation and with low accuracy.
Likewise, no study has so far examined the buried
supply and transmission pipelines, whose gas
pressure is between 150 and 1050 psi (10.3-72.4
bar), to calculate the volumetric flow rate of leaked
gas. Concerning the importance of this topic in the
natural gas distribution companies, this research
estimates the rate of gas release from supply and
transmission pipelines and presents high-accurate
correlational relationships for the estimation of gas
leakage from these lines according to pipe
diameter, hole diameter, and line pressure.

2. Problem Modeling and Numerical Solution
Method

To model the problem, the researchers used a hole,
whose diameter is smaller than the pipe diameter,
over the pipe surface. The gas flow leaked from

this hole to the outer ambient. This condition is
called the hole model. Figure 1 illustrates the
computational domain inside and outside of the

pipe.
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Figure 1. Schematic view of buried pipe

In this study, the flow inside the pipe is steady
and turbulent. Accordingly, the problem governed
by equations include the conservation of mass,
momentum, conservation of energy, and
conservation of chemical species. These equations
are solved for the compressible fluid and in steady
and three-dimensional conditions. Regarding the
high pressure of the natural gas in the damaged
pipe, the study employed the real gas equation, and
the compressibility factor of the natural gas is
obtained by the AGA method. Moreover, the
turbulent flow is modeled by the use of k-¢
realizable terbulence model.

For soil simulation, a porous medium is
defined around the buried pipe. The distribution of
the pores is irregular and disordered. The flow
equations in the porous medium are defined
independently from the inner side of the pipe. The
governing equations consist of conservation of
mass, momentum, and energy depended on the
porosity as well as the permeability and inertial
resistance coefficients of the soil. In this research,
the porosity of the soil equals 35%, and other
coefficients were calculated by the empirical
formulas presented by Ergun.

3. Results and Discussion

Parameters such as pipe diameter, hole diameter,
pipeline pressure, pipeline temperature, pipe
length, loss of pressure within the pipe, and
thermal properties of soil can affect the amount of
gas leakage from the pipe. However, due to
insignificant temperature changes along the
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natural gas pipe, the effect of inlet temperature on
the amount of gas leakage can be disregarded.

Evaluation of the pipe radius and hole radius’
effect on the amount of gas leakage . Pipe and
hole diameters are two of the most effective
parameters on the amount of gas leak in pipelines.
Therefore, in this research, pipes with different
diameters are evaluated. For supply lines, pipes
with 4, 6, and 8 inch diameters and for
transmission lines, pipes with 8 and 10 inch
diameters, which are the most commonly used
sizes for supply and transmission lines, were used.
Moreover, the hole diameter was evaluated with
respect to different quantities. In Figure 2 the
changes in the volumetric flow rate of the gas
leaked from supply lines are shown with respect to
the hole diameter and different pressures on the
four-inch-diameter pipe. As expected, as the hole
diameter increases, gas leakage also increases.
According to this figure, the volumetric flow rate
of leaked gas has a direct and second-order relation
with the hole diameter.
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Figure 2. The volumetric flow rate of the gas leaked from
supply lines, with respect to hole radius in different
pressures on the four-inch-diameter supply line

Evaluation of the effect of pipeline inlet pressure
on the amount of gas leakage. In Figure 3 the
changes in the volumetric flow rate of the gas
leaked from transmission lines are shown with
respect to different hole diameters and different
pressures on the eight-inch-diameter pipe.
According to this figure, the volumetric flow rate
of the leaked gas has a direct aad first-order
relation with pipe inlet pressure.

According to the results from the numerical
simulations, correlational relationships are
introduced for determining the volumetric flow
rate of the leaked gas, Q (m®/hr), from supply and
transmission lines. The fitted equations are in
different ranges and with respect to hole diameter,
d(mm), pipe diameter, and pressure at the inlet of

the pipeline, p(psi). For example, for a ten-inch-
diameter transmission line in the 400 < p < 1050
psi pressure range and 10 < d < 70 mm hole
diameter, the following correlational relationship
is achieved:

L2000
- 70 mm -
& 60 mm
10000 ~6- 50 mm ~°
# 40 mm o
* 30 mm -
~& 20 mm C
1000
o 10 mm gl -
- .
& o - . )
e 6000 S ey Y- L
E o a o
> o
.
000 »
-0 o
< &>
&> -
. .
2000 ® > P
-
- -
e
b s g R =
i ¢ 9 - |
0o 500 600 o0 oo o 1000
ppsl)
[V r— et et ettty et
276 3% 176 576 6746
p (bar)

Figure 3. The volumetric flow rate of the gas leaked from
transmission lines, with respect to different hole diameters
and pressures on the eight-inch-diameter transmission line
Introducing the correlations to measure the flow
rate of the leaked gas

Q=1091-73.17 p-1.791 d + 0.9126 p? + 1)
0.1727 pd + 1.066e3d?

This fitted equation has a 0.9988 correlation
coefficient and is highly precise.

4. Conclusion

The effect of factors, such as pipe diameter, hole
diameter, and pipeline pressure on the amount of
natural gas leakage from a damaged pipeline, was
evaluated and highly precise correlations were
extracted for estimating the amount of gas leaked
from high-pressure supply and transmission
pipelines. The results show that the relations
between the volumetric flow rate of leaked gas and
hole diameter and pipe pressure, respectively, are
of the second and first order. Unlike above-ground
pipes, in under-ground pipes, the choked outflow
from the damaged section is not seen, even in high
pressures. According to the results, parts of the
released gas from the pipe move towards the lower
area of the pipe, after colliding with soil particles,
which shows that the leakage flow has a three-
dimensional character and it is not possible to
provide precise corelations for estimating the
leakage through two-dimensional simulation.
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