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ABSTRACT

Introduction: Methane is one of the most widely used gases in industries with a high flammability
potential. This study aimed to evaluate the efficiency of ventilation systems installed on methane valve
pits based on hazardous areas classification.

Material and Methods: This study was implemented in a steel industry in Qom Province in 2019. The
tools used in this study were a DELTA OHM pitot tube (DO-2003) to measure wind speed, EPA Protocol
for equipment leak emission estimates (U.S. Environmental Protection Agency) and IEC-60079-10 for
evaluating the safety of ventilation of methane valve pits.

Results: The methane LELm was about 0.0334 kg/m?, and the volume of the release area was approximately
VZ=0.053 m3. The expected leak emissions were within the Vz<0.1 m?® range. The ventilation system
embedded on methane distribution pipelines was not effective for openings with diameters of more than
0.3 mm and the volume of gas inside the valve pits would quickly exceed high ventilation border which
might lead to a dangerous accumulation of gas in the valve pits.

Conclusion: Given that a very small opening or leak in gas transmission valves may lead to the formation
of an explosive atmosphere, it is essential to monitor methane before entering the valve pit area and
performing any operations on valve pits.
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1. INTRODUCTION

Methane gas is widely used as a source of energy
and gas intermediate in chemical processing. It is
used in many industries to supply the heat required
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in chemical process and in water steam generation,
as well as in the buildings’” heating systems. Given
that methane is potentially explosive that can
cause serious damage to human and equipment,
its transportation and storage are of significant
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Figure 1: A 3D view of a Vault

safety concern. Methane is usually transferred and
distributed to industrial units through pipelines.
Valves and other connectors in various types and
sizes are used in these facilities for conducting gas to
the plants. For monitoring purposes, some of these
connectors are placed in pits or vaults of various
dimensions covered with metal lids protecting
them from various environmental and physical
damage (Figure 1). Given that any accident caused
by methane accumulation in a valve pit can be
devastating to human lives and equipment as well
as a costly cessation of operations of industries, this
study aimed to evaluate the safety of methane valve
pits in the steel industry. This study has employed
standard measures from international hazardous
area classification to introduce the best approach
required for improving the safety of valve pits and
for prevention of hazards resulted from possible
methane emissions.

2. MATERIAL AND METHODS

This study was designed and implemented in a
steel industry, manufacturing cold-rolled steel
sheets in Qom province, Iran, in 2019. In the steel
manufacturing process, methane is used for steam
production and for altering the physical properties
of the rolled sheets in annealing process. In order
to supply methane gas, at about 500 meters distant
from the plant, a 6-inch diameter pipeline is
branched from the main line which delivers gas to
different plant’s divisions through four valve pits.
We studied four valve pits, each of which consisted
of an in-ground 2-4 cubic-meters concrete pit
protecting one or two 6- or 4-inch valves inside it.
The pressure is about 4.5 bar in the line, and the
ventilation system is a 4-inch vent tube installed in
the pit’s lid.

Our investigation was divided into two sections:
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Section A: Evaluation of ventilation efficiency and
its capacity to vent methane out of valve pits during
common emissions. In this section the emissions
were calculated using tables of the EPA protocol
Section B: Evaluation of ventilation efficiency
and its capacity to vent methane out of valve pits
during unintentional emissions. In this section
the emissions were calculated using mathematical
models. Also, the speed of wind in the vent was
measured for calculating the degree of ventilation.
In both cases, ventilation efficiency was assessed
according to IEC-60079, Part 10.

3. RESULTS AND DISCUSSION
A. The results of the calculations based on EPA
protocol for equipment leak emission estimates

The maximum rate of release obtained, based
on the EPA protocol, was 2.7x107 kg/s. According
to this standard, if the air flow is normal, the
maximum wind speed will be 0.05 m/s. While
according to the measurements made by a DELTA
OHM pitot tube (DO-2003), the wind speed in the
vent channels was about 4 m/s.

In addition, methane LEL  was about 0.0334
kg/m? methane distribution valve pit dimensions
were about 4m® and the volume of the release area
was approximately V =0.053m’. Therefore, given
that IEC60079-10 defines the permitted range
of V to be less than 0.1 m3 for ‘high’ ventilation,
we are confident that despite the simplicity of
implementation, the ventilation system designed
for methane distribution valve pits can provide
high degrees of ventilation according to IEC 60079-
10.

B. The results of calculations of leak emissions from

small openings in gas transmission pipelines
As shown in Table 1, for openings with a
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Table 1. Maximum rate of release based on the diameter of the opening in gas transmission pipelines

1 0.1
2 0.2
3 0.3
4 0.4
5 0.5

diameter more than 0.3mm, V. >0.1 m?®, which was
not within the permitted range defined by the EPA
protocol and IEC 60079-10 norm, the ventilation
system installed in the methane distribution valve
pits was not sufficient and the volume of gas inside
the valve pits can quickly exceed the high ventilation
threshold, leading to hazardous gas accumulation
inside the valve pits.

4. CONCLUSIONS

Methane emissions can lead to explosion and
fire accidents as a result of the accumulation of
flammable mixture in chambers with inadequate
ventilation. This explosion needs an ignition source.
This study aimed to evaluate the capacity of the
studying chambers to exhaust explosive gases and
prevent the formation of explosive atmospheres
during possible and/or common emissions in the
chambers. An important hypothesis in this study
was that not complying with the relevant standard
of construction of a ventilation system in the valve
pits may result in failure of the valve chambers
to prevent potential hazards. According to NFPA
325 standard, since the flame index number for
methane is 4 and highly flammable, fire safety
measures in such plants that use methane in their
manufacturing process is of great importance in
planning and maintenance.

As a result, in any industry, Health, Safety and
Environment (HSE) and Repair and Maintenance
units should pay particular attention to the
following important issues:

1) Following the international and national
standards codes for safety of valve pits for
regular inspection and planning for appropriate
maintenance. According to the U.S. regulations,
periodic inspection of valve pits must be performed
at least once every 15 months, however, for complex
industries and busy sites, the proposed program
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7.85E-09 0.01041819
3.14E-08 0.04167278
7.07E-08 0.09376375
1.26E-07 0.16669112
1.96E-07 0.26045487

must be performed once every month. Leak
detection by foam spray (at least) and inspection
of vent pipeline routes are essential. Valve pits
should also be free from any source of ignition
or flammable materials. If a leakage occurs in the
system, it must be eliminated as soon as possible,
and if it is noticeable, gas flow must be halted.

2) Repair and Maintenance unit should
develop instructions for repair and maintenance of
the equipment in order to prevent the corrosions
of the valves and any potential damage resulting
in leakage. Also, it is necessary to keep the air
ventilation canal open. This issue is very important,
additionally installing insect trap on the air vent
route is recommended according to DIN 1239.

3) Taking a safe distance from these valve
pits and installing warning labels and explosion
hazard signs around the valve pits should be
mandatory. HSE unit must prevent the personnel
from trafficking around the valve pits as well as to
avoid making high heat condition around it.

4)  Safety precautions to prevent any ignition
source such as fire and sparks close to the chambers.
That is because even a very small hole or leak in gas
transportation valves may lead to the formation of
an explosive atmosphere. It is also very crucial to
monitor methane gas before entering the valve pit
area and before performing any operation on it.

This study has some strengths. The first
and foremost is that we used international
validated standards formulas and models for the
measurements, which has not been addressed by
this method. Our study encourages the preventive
policy in similar industries to avoid devastating
human casualties and costly accidents in the
manufacturing process. Moreover, to our best of
knowledge, this study was the first in its kind in
Iran. This study also had some limitations. one of
them was about limited number of the investigated
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valve pits. Another limitation was measuring the
air flow inside the vent tube only in colder seasons
including fall and winter and the results were
generalized for other warmer seasons. In addition,
we did not control for the effects of climate and
geographical conditions on the efficiency of these
valve pits. Finally, further research to evaluate
various types and high number of valve pits
considering climate change and other conditions is
warranted.
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