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Abstract: In the strive for an environmentally conscious energy sector, a sustainable supply of natural
gas necessitates comprehensive strategies that prioritise the prevention of gas leakages, ensuring
minimal ecological harm while harnessing the benefits of this valuable resource. Though all sectors
are putting their efforts into coping with the problems associated with the energy crisis, one of the
many ways is to reduce distribution losses, particularly in the gas sector. The loss impacts include
methane escaping to the environment to affect ozone, direct financial loss, non-availability of gas to
the domestic, commercial, and industrial sectors, public safety hazards and indirect environmental
impacts. There is a dire need to improve the natural gas distribution system, which has its own
insight problems to be addressed. This work aims to investigate leakages in domestic, commercial
and industrial gas distribution lines with different times, volumes and pressures using a pressure
profiling technique. As a result of this investigation, around 293 million cubic feet (MMCF) of natural
gas is saved, which is enough volume to feed approximately 16,000 domestic consumers for 365 days.
The same energy content is equivalent to 21 million pounds of coal, which emits 64 million pounds of
carbon dioxide, whereas natural gas would have 50% less CO, emissions, and that is apart from the
tangible pollution and waste associated with the use of coal.

Keywords: natural gas; environment; pressure profiling; gas distribution; gas leakages; unaccounted-
for gas

1. Introduction

Growth in the population has led many minds to think about ways to use energy in
the most expedient approach possible. Whether it was a century ago or now, humans have
always needed some semblance of energy to cater for their needs in a variety of means.
Among these exigencies, wood and coal have been employed as modes of power and
energy from the very beginning [1]. Since there will always be a stipulation for energy,
finding a power source large enough to meet those requirements is a difficulty. This energy
source needs to be reliable, renewable, recurrent, and not a factor in climate change [2].
Furthermore, it holds greater value to responsibly manage existing natural resources such
as natural gas while also enhancing these resources through additional pathways, like the
biogas-biomethane cycle [3]. This approach strengthens the foundational resource base
and propels the bioeconomy toward a more sustainable future [4].

More sources of energy were found by humans when development became institu-
tionalised by modernism, and this led to major discoveries, which include oil, natural gas,
nuclear energy, hydel power, wind, etc. The single largest human influence on climate is
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the use of fossil fuels. The world community has acknowledged the urgent need to address
and reduce CO, emissions from fuel combustion that enter the atmosphere over the last
20 years [5,6]. Amidst these fossil fuels, natural gas is the most immaculate. Since it is a
hydrocarbon-rich gas, the high energy released from its combustion makes it very useful.
Moreover, because it emits fewer gases that could harm the environment than other fossil
fuels, it has become a major source of energy in this era [7]. In the near future, the global
energy system is sought to shift from high- to low-carbon and then no-carbon future in the
next two decades. In this regard, a four-country study demonstrates the necessity of includ-
ing low-carbon fossil fuels in the discourse of energy transition to meet the sociological,
political, and economic needs of the respective nations [8]. Therefore, natural gas plays a
very strategic role in the energy system. Previously, its storage and transport were arduous
in comparison to oil, and hence it lagged the ability to surpass. However, over the past few
years, this has changed, and all market consumers have started using it as a major source
of energy [9]. Today, a significant portion of the world’s energy mix comes from natural
gas. In Pakistan, natural gas has an industrial role as a raw resource for the manufacturing
of fertiliser, CO; for drinks, and hydrogen from methane [10].

Studies report that natural gas has many benefits in the form of slowing down envi-
ronmental concerns, protecting public health, saving the local environment, and improving
quality of life when it is used for household, commercial and industrial purposes [11]. How-
ever, with every positive aspect of a certain phenomenon, there always remains a drawback.
Where natural gas is the cleanest and safest fuel to use, it also has dangers associated in
the form of cost effectiveness, transport safety, environmental hazards, gas loss, etc. Over
the course of years, one of the most significant issues discovered in the management and
control of natural gas is unaccounted gas loss, which has led to many innovative techniques
to counter the damage and vulnerabilities of this problem [12]. Therefore, the use of natural
gas in an efficient manner holds as much importance as ultimately using it in comparison
to other fuels.

Like many other dangerous gasses, natural gas, which has the highest percentage in
Pakistan’s energy mix, is also transported through pipelines, and Pakistan also follows the
same trend [13]. Following the COVID-19 pandemic, the price of natural gas skyrocketed
as the world hurriedly switched to using it in place of diesel for transportation and coal for
energy generation. The procedure became more active as natural gas consumption rose [14].
Additionally, since there is a global attempt to terminate the use of coal, redirecting to
alternative fuels and power sources has driven up the cost of energy. This increasingly
important aspect emphasises the proportion of financial loss caused by gas volume losses
in Pakistan’s distribution and transmission systems.

It is evident that Pakistan’s current economic condition, the loss of gas due to theft,
leaks, or inefficient burning, will eventually result in lost income, health costs, and a
deteriorating environment. Consequently, gas will become more exorbitant, and, as a
result, more people will switch to cheaper fuels like coal and furnace oil. The usage of
less expensive gasoline will result in an unpleasant work environment for millions of
people [15]. In addition, environmental restraints like polluting ponds, rivers, etc., with
solid liquid and dust waste from coal, oil, rubber, plastic, etc., have a negative impact on
the ecosystem we live in. The effect of this on the air quality, cultivation, and crops has
become more noticeable over the last decade [16]. Hence, leakage of natural gas should be
reduced as much as possible to prevent any such damages caused by this process.

With global importunity for energy poised to increase by more than half in the next
three decades, the supply of safe, definitive, and budgeted gas and oil continues to be of
foundational importance to contemporary economies. Central to this dispensation are the
pipelines that transport this energy. Pipeline transport is not only safe but also found to
be the cheapest means of transport for fuels. However, pipeline damage that results in
unintentional gas release has the potential to produce fire, explosion, and the spread of
hazardous gas, all of which might have serious negative effects on society, the economy,
and the environment.
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Pipelines are frequently vulnerable to various problems, including those caused by
the actions of third parties, corrosion, mechanical or material failure, and natural events.
Leakage can result from a variety of factors, including internal friction, corrosion, and
external mishaps (such as dealing with bulldozers, excavators, underground work, etc.).
According to the report, failures brought on by corrosion and external interference are the
main reasons for pipeline damage incidents. Events brought on by outside meddling are
distinguished by potentially dire outcomes. The frequency of corrosion is almost identical
to that of external interference, although the effects are significantly less severe [17]. An
expansion wave enters the pipe when a hole is made on the surface, which causes the gas to
flow toward the damaged area. Therefore, natural gas is squandered in significant amounts
into the earth and the environment because of accidents, pipeline ruptures, and corrosion
leaks in the pipeline [18].

Furthermore, timely and accurate gas pipeline leak detection is crucial to the entire
management of the pipeline system’s integrity. The two primary concerns in this research
are the location of the leakage detection and the estimation of the leakage amount. Natural
gas pipeline leak detection and analysis have been studied to various degrees [19]. Various
methods like acoustic leak detection have always been used in this regard [20]. Pipelines
must be constantly monitored for leaks to reduce environmental, human health, safety,
and societal hazards. The development of any leak detection system comes with many
challenges, which hinder the process. These challenges encompass the need for real-time
leak alerts, the attainment of necessary sensitivity to detect minor leaks, the precision
in pinpointing leak locations, the prevention of false alarms, and the development of a
cost-effective approach [21].

On the other hand, pipeline fluids are frequently hazardous, corrosive, and flammable
media [22]. Therefore, pipeline leaking gravely contaminates the environment, causing
economic loss of resources and products. As a result, managing pipeline safety and prevent-
ing accidents is necessary in all nations. When it comes to calculating leakage, numerous
published books and manuscripts delve into the topic of viscous compressible flow within
pipes, particularly focusing on scenarios involving two adiabatic and isothermal flow
states [23]. The soundness of infrastructure systems providing power, natural gas, and
potable water is an intrinsic part of societal readiness to unanticipated hazards [24]. Cor-
recting pipeline leaks and damages also improves consumer protection and saves lives [25].
Significant strategies for recognizing gas spillage are uncovered in the open literature to
prevent said circumstances [26].

Some studies [27] have suggested that the use of gas would be preferable over the
use of oil from a climatic viewpoint. Burning natural gas produces less CO; per unit, but
its transport through pipelines renders more chances of methane emission, which is a
much more potent greenhouse gas than carbon dioxide. In the short term, the impact of
methane emissions on the environment is 25 times greater than that of CO;, as per US
Environmental Protection Agency [28], whereas as per a report from the UN environment
program, it is 80 times more potent to the global warming compared to CO, for a period of
20 years [29]. However, a recent study suggests that switching from coal to gas would lessen
climate change if the global average fractional leakage linked to natural gas production
and distribution is below 4.3-5.7%. If the fractional gas loss is less than 2.4-2.9%, using gas
would be better for the environment than oil [30].

Based on operational activities and inevitable gas escape during various necessary
procedures, the permitted maximum of gas loss in the gas distribution system is 2%
according to international regulations. The loss of a substantial amount of gas is a key
aspect that can help in this situation because of the high rate of energy demand and rising
clean fuel prices. Aside from economics, the system’s leaks endanger the environment by
leaking into the soil and jeopardising fertility. Using the pressure profiling technique, this
research made it possible to comprehend a nexus strategy for determining the elements
causing gas loss in distribution systems. The study helped to identify the sources causing
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measurement errors which result in unexpected gas loss and locate system leaks by a
pressure profiling technique.

2. Methodological Procedure

In this work, MiniElcor Elgas EVC (Electronic Volume Corrector) made by Elgas
(model FTZU 08 ATEX 0324X) was used to store all the data relating to the gas pressure,
corrected and uncorrected volume, temperature values, magnetic sensor alarm to detect
any attempt to the theft of gas, fault volume in case of faulty pressure transducer or
faulty temperature measurement. TELVES (version 4.2) software was used to secure the
retrieval of data stored in the EVC. Different capacity gas meters ranging from 200 cft/hr to
7000 cft/hr were used to measure the gas flow volume. Geographical information system
‘QGIS’ (version 3.10) was used to analyse geospatial information of gas consumers, which is
used to correct the area codes that result in accurate reconciliation of gas volume supplied to
different areas. An underground gas detection device INSPECTRA (made by GAZOMAT)
was used for the detection of underground gas leakage.

The first step in the research was the collection of relevant data that includes the
information of all consumers, metering installations, and data stored in the available EVCs
installed in the field. In the second stage, the analysis of data was carried out, which
resulted in the identification of under-measurements regarding wrong/less pressure factor
application to a large number of domestic consumers. The application of the pressure factor
was started by inspecting the pressures of domestic consumers at peak times. Peak time
was selected since higher pressure is supplied during peak consumption times to facilitate
consumers. Since planning based on inaccurate data cannot produce target results, various
anomalies regarding the wrong punching of gas volume of a large number of consumers
were corrected, and it resulted in an accurate reconciliation of gas volume. Figure S1 in
Supplementary Information can be consulted for the details of these methodological steps.

QGIS application was used for this activity to correctly geocode all consumers based
on physical locations. It was also used for the identification of low-pressure pockets of
domestic consumers. The Pareto principle (80-20 rule) was implemented, which identified
a 20% area that had a loss of 80% even after pressure factor application. It resulted in
identifying 8 areas where the loss ranged from 20% to 35%. In addition, the anomalies
identified during the research regarding low pressure at the tail ends of the network and
that regarding high loss lead to a high percentage of leakage in the underground network.
At this stage, the analysis of the previously performed survey was carried out to identify
any anomaly. This discovered the wrong practice of ignoring leakages by not tracing
down the source of leakage. Since the UGLD equipment identifies the presence of methane
percentage, only exposing the pointed areas does not always serve the purpose. This
practice of pressure profiling, as a whole, identified a high rate of leakages in the pipeline
network of different sizes ranging from 1-inch to 6-inch diameter pipelines.

Pakistan’s economy is still in development; hence, it cannot afford any form of mone-
tary loss. Gas acquired from sources is delivered to cities via high-pressure transmission
pipelines, where its pressure is controlled, and measurements are made prior to its provi-
sion to distribution systems. In Pakistan, burning or processing natural gas provides more
than 50% (including domestic and imported gas) of the country’s energy needs. In the
distribution system, gas is transported to domestic, commercial and industrial consumers
through various regulating and measuring stations called town border stations (TBS) and
district regulatory stations (DRS). Purchased gas is not always equivalent to sold gas; some
of the volume stays in the system as pack volume, and the remainder is available for sale.
A portion of the gas volume is used by the transportation system for operational purposes.

Unaccounted-for gas is the discrepancy between the volume of gas billed to each
downstream consumer’s individual meter and the volume of gas that flows through the
custody point measurement station [31]. The operating activities include the compression
process, pigging, purging, and valve assembly operations. Nearly 4.5% of the gas volume
purchased may be used as unaccounted-for gas (UFG) compensation. The volume lost in
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the system above 4.5% is not acknowledged for compensation, and its financial equivalence
is taken as a direct loss. The main causes of UFG include gas theft, pipeline ruptures, and
measurement errors in the equipment that is already in place [32].

The gap between the amount of gas that is now available for purchase and the amount
of gas that is sold can reach 8 to 10%, which is close to five times the 2% international
standard. Stakeholders have argued for raising the cap considering the local conditions,
which are exceptional in Pakistan’s instance. The new baseline is set at 5%, with an
additional 2.6% contingent on KMI (key monitoring indicators) [33]. The system’s political
influence, consumer gas theft, unauthorised load enhancement, unauthorised increase in
delivery pressure for fixed factor billing customers, under-sizing of meters due to excessive
overloading, the vulnerability of transmission system/infrastructure to terrorism, etc., are
some of the bases for various ground realities. Above all these variables, the system’s leaks
are significant enough, which can be deduced from the fact that gas loss from a hole in a
natural gas pipeline measuring 0.8 mm in diameter is about tripled with rising pressure
from 1 psig to 30 psig [34].

There are leakages in gas distribution infrastructure mainly due to the ageing factor of
the network—the presence of old iron pipes with outdated coating materials resulting in
leakages round the clock. These pipeline networks are typically exposed to electromagnetic
fields of electric poles, damaged coatings, and materials with incredibly low coefficients
of resistance. Three main types of damage are caused by the leaks. Leakages result in a
significant loss to the national exchequer in direct economic terms. Leakages are growing
in underground sewerage lines, etc., and they are exceedingly dangerous as the cause of
fire accidents that result in fatalities [35]. About 80% of pipeline accidents occur because of
several types of corrosion, including general corrosion, corrosion cracking under discarded
coating, point corrosion, and corrosion cracking under stress [36]. Underground leaks
destroy the soil in which they are present, directly harming the trees and plants.

As of now, control activities are carried out to cater to increased trends in gas loss, such
as vigilance/inspections of all consumers in regular intervals, inspection of underground
network for identification of leakages, above-ground leakage identification and rectification
from consumer installation and operational installations, theft control by inspections of
disconnected consumers from time to time. It also includes the removal of the abundant
service lines of old disconnected consumers. Low pressure generally accumulates in lower-
ing the billed volume of all categories of consumers. Low pressure, however, contributes
to existing leakages in the system in proportion to the volume consumed by consumers
during peak times.

Following the suggested activities for the past few years, the gas loss still needs to be
up to the new flexible limits allowed by the concerned regulator. Despite all remedies, there
is still a loss in gas volume. This means there is a need to apply a new strategy after investi-
gation and analysis of the existing system. Taking the subject area of study as Nowshera
Virkan, the loss is up to 11% of the total volumetric loss. This research primarily focuses on
the work path to improve the efficiency of the distribution network of distribution systems
in the SNGPL area (Nowshera Virkan, Gujranwala), with 24,000 domestic consumers fed
through 40 regulating stations. The pattern of gas consumption in the summer season
is mainly in the industrial sector, whereas domestic consumption increases as the winter
season approaches due to space heating and water heating. The area selected for the
research activity is the part of Region Gujranwala, which has an isolated distribution and
transmission system. The Nowshera Virkan area accumulates 99% as domestic consumers,
a few commercial and special domestic consumers and only three industrial consumers.

3. Results and Analysis

Figure 1 shows the percentage loss of natural gas in the Gujranwala region for the fiscal
years 2022 and 2023. However, the volumetric loss of Nowshera Virkan was 17%, which
is higher than the overall loss of the region. Table S1 in the Supplementary Information
file shows the unaccounted-for gas (UFG) of the Gujranwala region with respect to gas
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loss. The Gujranwala region is performing better in comparison to other regions in terms
of gas volumetric loss control. Still, the annual volumetric loss of the region is 1.4 BCF.
The findings of the research work conducted in Nowshera Virkan (a sub-urban part of
Gujranwala) were implemented in other parts of the region to the extent of convenient
applicability to minimise the loss.

10.0 -

Gas loss (%)

2.0

0.0

—a— 2021-2022
—eo— 2022-2023

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 1. Gas volume loss for Gujranwala region for fiscal years 2021-2022 and 2022-2023.

Figure 1 shows the percentage loss is high in the summer seasons as the overall gas
volume consumed and billed dropped down to 1481 MMCEF in the month of June 2022 from
high consumption in winter with a maximum of 2523 MMCF in January 2022 (Table S1 in
Supplementary Information). Billed volume in the winter season increases in the domestic
sector due to freezing weather. The consumption drop in the summer months is more likely
to influence the leakage factor to contribute to the volumetric loss. It is clear that the trend
of loss in the summer months is as high as 9.7% in the month of 2020 and least in the winter
month of December 2021 at 0.2%.

One more factor of weekly pricing of RLNG in the industrial sector influences the
volume billed. Higher price negatively affects the sale volume, reducing the billed volume.
The available pack volume becomes more vulnerable to leakage in the system.

Furthermore, the clarity that the above data illustrates is that loss in the volume of gas
is decreasing in the winter season and increases in the summer. This fact demonstrates that
the gas network system has serious leakages that need to be identified and rectified. Had
there been no leakages in the system? Ideally, the above trend would not have reflected
the increasing trend of UFG in summer months and the decreasing trend of UFG in winter
months when the demand for gas remains high compared to the supply; therefore, the gas
leakage is overcome by consumption by domestic consumers. Also, the gas consumption
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Gas loss (%)

in the winter season is primarily by domestic consumers, as the priority set by GOP is for
the domestic sector, before the industrial sector.

Therefore, there is a high chance that due to high domestic demand with low-volume
supply, the industrial sector is deprived of gas supply in the winter months. The CNG
sector remains closed during winter months, with only supply to special export-oriented
businesses.

Figure 2 shows the percentage gas loss in the sub-urban area of Nowshera Virkan,
with 24,000 domestic consumers, 20 commercial and special domestic and three industrial
consumers. The research activities were thoroughly implemented in this area. Additionally,
the outcome of activities could be implemented in other parts of the Gujranwala Region
to enhance the measurement accuracy. The comparison of volumetric loss in Nowshera
Virkan in 2021-2022 and 2022-2023 is given in Table S2 in the Supplementary Information
file for more details.

—10.0

—15.0

—20.0

—a— 2021-2022
—eo— 2022-2023

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 2. Percentage gas loss of SMS Nowshera Virkan for fiscal years 2021-2022 and 2022-2023.

A significant reduction in the gas loss in Nowshera Virkan can be observed as pre-
sented in Figure 2. As a result of pressure profiling activity in Nowshera Virkan, out
of 24,000 domestic consumers, 1400 m were identified, which were causing problematic
measurements. These meters were identified by analysing the billing pattern and on-site
flow, proven by calculating the running load by the movement of the meter index in unit
time. A domestic single stove consumes 10 CFH at 8 inches of W.C. pressure. An accurate
meter takes 129 s to pass a 10 dm> volume at a 0.29 psig pressure. If a meter takes more
time than 129 s, it means the meter is slow, causing under-measurement. It is generally only
possible to inspect some 24,000 domestic meters, for instance. Therefore, a data analysis
technique is applied to identify potential meters which can be physically inspected on site.
An average household should consume a 0.42 HM? volume, which is equivalent to having
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a single stove run for 5 h at different times in 24 h. Different areas can have different rates
of consumption depending upon the economic condition of the households. Therefore,
consumers were identified where the monthly gas consumption of individual consumers
was less than 0.42 HM? in summer or the consumption of any consumer was less than
the average monthly consumption of other consumers in the same neighbourhood. The
number of different measurement-related anomalies is shown in Table 1.

Table 1. The anomalies found during the inspection of domestic gas meters installed under SMS
Nowshera Virkan.

Sr.# Description No. of Anomalies
1 Meters found sticky 107
2 Meters found stop 35
3 Commercial use (undersize meters) 2
4 Tampered meters 2
5 Pressure enhancements > 2 psig 20
6 Pressure enhancements > 1 < 2 psig 4072
7 Pressure enhancements > 0.29 < 1 psig 10,980
8 Service line leakages 3
9 Overflow regulators 29
10 CMS leakage 4510
11 Houseline extension 3
12 Counter seal missing/seal broken 54
13 Meter seal missing/broken 22
14 Meter reading DNC 14
15 Uplift service required 67
16 Meter upper body broken 5

There were 105 m found in DR (does not register gas). During the inspection, these
meters do not register gas when a load of up to 20% of meter capacity is run through the
meter. Beyond this load, the meter was working, yet registering gas on the minus side.
These flows are usually not sizable enough to be accurately assessed visually. These meters
were sent to DMIS (domestic meter inspection shop) to quantify the under-measurement.

Table 1 shows that there were 4510 leakages during the activity performed, and
pressure enhancements of 15,070 were found during peak hours of consumption of domestic
consumers. The ADP was updated in the database, enabling to generate next bills as per
the corrected volume by applying the correct pressure factor thereof. During the activity,
142 m were found, which were tested on various flow rates. The results came out to be
negative at low flow rates of up to 20 CFH. Since the maximum consumption pattern by
consumers is between 5 CFH and 30 CFH, which is up to 20% of meter rated capacity of
domestic meters (mostly 6 m® per hour), the minus-recorded meters were not registering
gas at actual flow rates by consumers which were resulting in under-measurement and
under-billing. A case-wise inspection will be conducted to further establish the volume
consumed by the consumer, and it will be recovered accordingly.

There are two categories of consumer billing processes. One is fixed factor billing,
and the other is real-time correction factor billing. Other than domestic consumers, they
are provided with an EVC (electronic volume corrector). In fixed factor billing, the gas
connection is provided with a gas regulator with fixed downstream pressure. In case the
gas pressure is increased from the regulator at the site, it causes under-measurement unless
it is not corrected in the billing system. Generally, consumers attempt to alter the pressure
setting of regulators to secure an unregistered volume of gas to reduce gas bills.

Here is the sample-based analysis of the difference in delivery pressure downstream
of domestic consumers. The peak time for domestic consumers is from 07:00 to 10:00 hours
for urban areas and from 05:00 to 08:00 hours for rural areas. Therefore, analysis for a
sample-based study was performed to establish the volumetric difference that is involved
in the application of pressure based on peak and off-peak time.
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In light of the above demonstration in Table 2, it can be seen that it holds significance
to measure the ADP of domestic consumers to achieve accurate billing. The work was
carried out for 15,000 consumers in a similar pattern to secure unregistered volumes of
gas. The activity of application of actual delivery pressure as per actual site conditions is
measured over a continuous activity in the region, and the impact and comparison with
the preceding year are presented in Figure 3.

Table 2. Gas pressure measured in peak and off-peak hours in the Gujranwala region out of 8 million
consumers for the period of 30 days.

Peak Hours
Parameters Olf(f)-(l)’g :(1: ;—,17?01:)1‘5 06:00 to 10:00 and
: : 17:00 to 20:00
Total consumers checked 3574 3574
Pressure above ADP 2994 3087
% Pressure Above ADP 84 86
ADP found less than 0.28 PSIG 2791 54
ADP from 0.3 to 0.6 PSIG 198 1065
ADP From 0.6 To 2 PSIG 5 2455
Volumetric Impact
Volumetric impact of ADP 2379 HM3 2439 HM3

' B 20212022

00 B 20222023

w
o
]

Gas Volume (MMCF)

N
o

10 A

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 3. Volumetric gain by measuring ADP during peak hours.

Figure 3 shows a comparison of the impact of actual delivery pressure before and
after analytical outcomes for prioritising the inspections of domestic consumers based
on high-percentage loss areas with a low percentage of underground leakages, healthy
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pressure availability in peak hours, and high per-consumer average of consumers. The
graph shows a phenomenal increase in the impact of the application of pressure factors on
consumers while applying an analytical approach.

3.1. Idle Night Flows

Ideally, if the closed system of the pipeline is leak-free, it should pack at the set
pressure from the supply point, particularly at a time when any consumer is not consuming
gas. At the point when the network is packed at a set pressure, the flows from the supply
station become zero. EVC data analysis of consumption patterns of different localities
revealed that there are idle flows up to 1500 CFH that extend during night hours from
22:00 to 06:00 hours on a daily basis. Theoretically evaluating the schematic gas pressure
and volume supply of a housing society with 1000 consumers, it can be concluded that a
1500 CFH flow is abnormally high. This indicates that there is a leakage in the system that
is continued round the clock, which is not permitting the system be packed at a set pressure.
For a healthy network with no leakages, the system would pack at the set pressure, and
flows would become zero after meeting the requirement. These sample data are taken
for summer months to eliminate the use of water heaters and space heating, which are
normally required in winter months only.

3.2. Inadequate Set Pressure

Pressure available at different service points, including the tail ends across the network
of a closed locality, was measured at different times of the day for analysis. The pressure
trend indicated the inadequacy of set pressure in comparison to the demand at peak
hours. Pressure at the tail ends was close to zero in peak time. During peak time, when
most of the consumers are using gas, the flow rises to 8000 CFH. This is the time when
inadequate pressure faced by consumers at the tail ends results in non-consumption by
those consumers. This factor reduces the consumed volume of gas at a particular time
when it is needed. This case was resolved by applying the pressure profiling technique as
an example. Before identification and rectification of leakages in the underground network
and above-ground installations, peak pressure was set at 5 psig on a daily basis twice a
day In morning and evening peak times. For the rest of the time, a 1 psig pressure was
set to reduce the number of leakages in the system, as leakages are directly proportional
to increase in pressure. Consequent to the leakage identification and rectification, the
profiling activity was stopped after confirmation of the system packs at a set pressure with
no volume loss in the network.

3.3. Different Peak/Off-Peak Times

It is important to identify the peak time of a particular area before setting downstream
pressure for any locality. This can be achieved by analysing the pattern of gas consumption.
The urbanised area has different times of gas requirements than rural and sub-urban areas.
It was established from the data of consumption that gas consumed in 12 h of the day
from 10:00 through 21:00 hours at night is 70% of the total gas passing through the Town
border station. The remaining 30% of gas passing through the TBS designate these hours as
off-peak hours.

The idle flows from 21:00 to 09:00 hours are uniform and consistent on an everyday
basis. The consumption of peak hours is almost 70% of total consumption, while 30% of the
flow passes through TBS from 21:00 to 09:00 hours. Also, the consumption trend reveals
the proportional increase in the flow resulting in flows of peak as well as off-peak hours,
and the increasing trend is also similar. This shows that there is an additional load added
on the network, which is the use of gas around the clock. As per historic observations,
leakages in the system exhibit such trends. Therefore, a thorough survey resulted in the
identification of two main issues, including a bogus line which was found connected to
the live network where the end cap was not installed from where the gas leakage started,
and the gas pipeline which was found damaged during construction work, not reported
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by the third party involved. Consequent to the analysis of data on gas consumption, the
following observations were drawn.

At present, in circumstances where it is generally not possible to depute all resources
on a single area, a thorough analysis is necessary to identify the area where further equip-
ment should be used to save cost. Therefore, before deploying UGLD equipment for the
identification of underground leakages in the area, the area-wise gas reconciliation was
analysed. This activity helped identify 104 leakages which had no sign from above the
ground.

Above-ground leakage activity was carried out in the time just after the peak time of
morning consumption. It was observed that there was no leakage in the above-ground
CMS installations. However, several gas regulators were found leaking from their safety
vent valves. This matter was urgently investigated to reveal that most consumers were
facing low-pressure issues during the peak time of use of gas. Therefore, they self-managed
to adjust regulators to their limits. Subsequently, right after the peak time passed, the
upstream high pressure started leaking the excess pressure from the regulator body when
consumers stopped using gas. This phenomenon was identified due to the pressure supply
to the locality. The flow of 13 MCF/h was observed passing through the check meter at
the TBS. This high flow at relatively low pressure indicated that downstream consumption
potential is high, and in order to counter low-pressure issues, consumers adjusted their
gas regulator on their own, which caused regulators to overflow when upstream pressure
started increasing right after the peak hour. To rectify this problem, all overflowing reg-
ulators were replaced with new ones, and a variable pressure setting was applied at the
TBS in accordance with the requirement of gas by consumers. This type of leakage cannot
be assessed routinely. A major contribution was made by increasing the billed volume of
consumers, reducing the leakage content, and resolving low pressure issues.

Pressure drop with the volumetric flows at different offtakes along the supply main
line was studied, and the real-time analysis helped in identifying a segment of 2 km where
UGLD activity identified a corroded area of the pipe. The MS 6-inch Dia pipeline was
replaced in a rehabilitation program. This helped in reducing the volumetric flow of the
SMS Nowshera Virkan by keeping the optimum pressure supply.

There were a few measuring gadgets identified which were needed to register gas
properly. The meter of M/S Master tiles and ceramics stopped applying correction factors
against pressure and temperature and the corrected volume seized to increment accordingly.
The meter was replaced, and the consumed volume was assessed based on the pressure
trend uncorrected volume measured by the meter. The volume was charged to the consumer
and recovered.

The cathodic protection status of the network was compared with the area that was
newly commissioned with healthy protection status. It was seen that the cathodic protection
of certain areas was highlighted as low despite the amount of current drawn from the TR
unit being adequate till its upper safe limits. The intensity of the current was tracked down
from different points of service lines in the area. A certain area was highlighted where
test pits were arranged for further inspection of the coating condition, which was found
damaged at intervals with pitting on the pipeline surface. The area was recommended for
rehabilitation of the old network with 6-inch and 2-inch diameters.

In the areas of Nowshera Virkan, which were identified with higher loss in comparison
to other areas, corrective research activities were performed. The results are presented in
Figure 4, and the corresponding volumetric data are presented in Table S3 in the Supple-
mentary Information file.

Figure 4 shows the results of volumetric gas loss in segmented areas of Nowshera
Virkan before and after the pressure profiling study. The theoretical outcome of above-
ground leakage rectification, vigilance, measurement errors, and pressure factor application
revealed the existence of high-volume leakage in the system. Therefore, scanning for
leakage was performed here as a priority, and leakages were identified as shown in Figure 5.
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Figure 4. Comparative percentage gas loss at various town border stations (TBS) of Nowshera Virkan
for September and November 2022.

There were 350 leakages identified around 24,000 consumers who were drawing gas
from SMS Nowshera Virkan; the previous number of leakages identified was only 24. It
was very important to continue to apply the analytical pressure profiling approach, which
is a non-destructive technique to ascertain the existence of the leakage in the system so that
timely UGLD activity could be performed to save time and gas; otherwise, in the general
schedule, an area scanned today will need be rescanned after the period of 3 years, and
any newly generated leakage, regardless of the volume involved, has a greater chance to
continue happening for a minimum period of 3 years.
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Figure 5. Underground gas leakage detections at (a) a 4-inch polyethylene main line with a 2-inch
offtake line, (b) a 1.25-inch polyethylene feeder main line with two visible cuts, (c) a 4-inch mild steel
pipeline, and (d) a 2-inch polyethylene line damaged by excavation activity.

4. Conclusions

This work applied a different analytical approach to identify and rectify the hidden gas
leakage problems associated with the customary practices to reduce loss. The application
of the pressure profiling technique resulted in the identification of leakages in a 6-inch-
diameter mild steel pipeline and the corroded section of a 6-inch-diameter pipeline that
needed rehabilitation of the network. The pressure profiling activity helped manage the
supply of variable pressure at different times of the day to meet the requirement in a
more precise manner and to reduce the potential loss through leakages, ensuring healthy
pressure supply to tail-end areas which are typically not able to have gas even in the
summer season when the domestic requirement is comparatively lower. The selected
location had all types of domestic commercial and industrial consumers with urban as well
as rural consumers with varying demands for gas at different times, volume, and pressure.
This activity helped reduce the volumetric loss of 293 MMCE, which is enough gas to feed
16,000 domestic consumers for 365 days a year. The same energy content is equivalent
to 21 million pounds of coal, which emits 64 million pounds of carbon dioxide, whereas
natural gas emits 32 million pounds of carbon dioxide. The difference is precisely 50%,
and that is not including the tangible pollution and waste associated with coal use. The
hazardous effects of these leakages and their rectification through other methods can also
be researched in decades to come.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su151813604/s1, Figure S1: Methodological procedure; Table S1:
Gas volume passed through sales meter station (SMS) and billed volume through consumer meter
station (CMS) for 13 isolated SMS supply gas to different areas; Table S2: Nowshera Virkan SMS
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volume passed through SMS vs Volume passed Through CMS (2021-2022, 2022-2023); Table S3: Gas
loss of the shortlisted areas of Nowshera Virkan in the months of September and November, 2022.
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