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Abstract 
 
This research aims to analyze gas leakage and environmental contamination 

in the natural gas transmission line in the Chilca district to determine to what 

extent gas leakage affects ecological contamination in the natural gas 

transmission line in the Chilca district. The ASME B31 8-2003 Standard 

methodology was used, in addition to Procedures I-MAN-322, P-COO-025, 

P-COO-026 and, P-COO-015. The API 6D Standard and Procedure S-DIO-

30 were also used. The investigation concludes that environmental 

contamination is produced by the leak of natural gas in the transmission line 

of the Chilca district, caused by anthropogenic activities carried out by the 

monitoring, supervision, and maintenance of the gas pipeline. This tampering 

occurs at valve No. 8, causing the emission of 5,502.34 ft3 of natural gas per 

month. 
 

 

Keywords: Natural gas, gas pipeline, welded joints, valves installed, 

anthropogenic activities. 
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1 Introduction 
 

Environmental contamination indicates the presence of a physical, 

chemical, or biological agent, in any of its forms and concentrations, being 

these responsible for the harmful effects on health and safety, both for 

humans and for flora and fauna present in the area of influence of the 

causative agent. [1] Natural gas is transported through the natural gas 

transmission line in the district of Chilca. The transmission line is 3,315 km 

long (100 m inside the control station and 3,215 km of the gas pipeline itself), 

with some sections being offshore and others buried. Throughout the entire 

route, there is always the possibility of a natural gas leak. It is also a natural 

gas (with properties intrinsic to its molecular state), which can be studied as 

an ideal gas (it has a perfect behavior). It behaves according to the ideal gas 

law, which is a simplified equation of state. Likewise, it travels through the 

pipeline, and for this purpose, it is compressed, that is, it has a high internal 

pressure, which increases the probability that, in the event of a leak and 

subsequent explosion, its effects will be multiplied by the increase in its 

internal energy. [2] 

The main component of natural gas is methane (CH4), identified as a 

Greenhouse Gas (GHG), a relatively potent contributor to global warming of 

planet Earth, whose warming power is 23 times more than carbon dioxide 

(CO2). A GHG has multiple effects of pollution, alters the air's natural 

chemical composition, causing irreversible damage to the ecosystem; 

consequently, a natural gas leak would be the cause of this vile action, which 

alone does not affect it. Still, there is always a responsible for the gas leak, 

and this must be identified in the predictive, preventive, or corrective 

inspection and maintenance actions. [3] 

The present investigation, based on the concern of environmental 

pollution caused by the leakage of natural gas in the natural gas transmission 

line in the district of Chilca, has had as the main objective to determine to 

what extent the gas leakage affects the environmental pollution in the natural 

gas transmission line in the district of Chilca. The conditions to carry out the 

present investigation consisted of having a pair of experts in gas leakage in 

gas pipelines, personnel who accompanied the entire visual tour of the 3,315 

km of the natural gas transmission line; in addition to having personal 

protection equipment, according to the company's safety protocols. [4] 

The results of the present investigation will allow benefiting: 1) the 

environment, because the company should take corrective measures, to stop 

polluting the ground, to preserve the ecosystem; 2) the personnel that 

interacts with the natural gas transmission line, because, by eliminating the 

natural gas leak, it removes the risk of explosion. Consequently, the human 

being's life is protected; 3) the company because detecting and eliminating 

the natural gas leak increases its production volume of said product. 

Consequently, it increases its profits. [5] 
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1.1 Problem Statement  
 

Natural gas is a mixture of gaseous hydrocarbons (organic compounds 

formed only by carbon and hydrogen atoms) light (from two to four carbons 

in its composition) extracted either from independent fields or together with 

oil or coal fields. This natural gas is transported by a gas pipeline that passes 

through the district of Chilca, being in some sections, above level, and in 

other areas, below level. [6] 

The main component of natural gas is methane gas at 79% - 97%, the 

latter being one of the most harmful greenhouse gases (GHG) that exists on 

earth. The gas pipeline material is made of steel metal and is joined in 

sections using welding beads (a fastening process in which two pieces are 

joined together). These beads could present problems because before welding 

in or around the structure or area containing gas installations, careful 

verification of the surface to be welded should have been carried out without 

leaving microscopic cracks that could compromise the gas pipeline 

installations in the future [7]. The gas pipeline understudy has cathodic 

protection (a technique to control galvanic corrosion of a metal surface), 

which reduces the risk of pollution, which could cause cracks through which 

natural gas could leak. This cathodic protection could present problems due 

to poor surface preparation, and the surface must be compatible with the 

coating to be applied. The pipe surface should have been free of harmful 

material such as rust, wet crusts, dirt, oils, lacquers, or varnishes. [8] 

A natural gas leak in the natural gas transmission line would pollute the 

atmosphere and lead to harmful effects in the area of influence of the 

transmission line, causing negative externalities in the surrounding 

ecosystem; this atmospheric pollution is not "paid" by anyone. Consequently, 

it would violate the environmental principle "polluter - payer," that is, the 

polluter must pay its consequences. [9] 

A natural gas leak in the natural gas transmission line would contribute to 

the greenhouse effect and endanger the surrounding flora and fauna if it were 

the case. Given that the harmful agent in the atmosphere, i.e., natural gas, is 

in a gaseous state, it could, in the extreme case, produce an explosion. [10] 

The gas transmission line has two main valves, one at each end of the line, 

one is the inlet valve to the pipeline, and the other is the outlet valve of the 

channel, distant from each other, more than 3,215 meters from the pipeline, 

one from the other, these valves have differences in reading in the gas that 

transports, which is an indicator that there is a gas leakage, thus producing 

environmental pollution in the area of influence. This ecological 

contamination, produced by the leakage of natural gas in the pipeline, 

damages the surrounding ecosystem. [11] 
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2 Method 
 

The present investigation contemplated applied research since its 

conclusions can be extrapolated and applied to other similar studies. 

Likewise, it allows theoretical knowledge, using it to specific concrete 

situations and the practical consequences that emanate from it.  

 

 
Population and Sample 
 

To determine the natural gas leakage in the natural gas transmission line, 

readings were taken at the extreme valves. The investigation lasted 24 

months, making records every two months; consequently, 12 papers were 

made in the present research, therefore, 12 articles in the study population. 

[12] 

In statistical terms, a sample is a subset of the population; it is a portion 

of the people, a subset of the people, representing the people. The present 

investigation is a non-probabilistic sampling because the researcher has 

selected samples based on a subjective judgment instead of random selection. 

So it is required to perform the analysis on the entire natural gas transmission 

line not to fail to determine the gas leakage; in this sense, the sample size is 

equal to the population size, i.e., 12 records. [13] 

 

Instruments 
 

To determine the gas leakage in the natural gas transmission line in the 

district of Chilca, the observation guide was used as an instrument to record 

the valve readings. Figure 1 shows the matrix for recording field data after 

inspection and evaluation of the pipeline to determine the existence or non-

existence of natural gas leakage. 

Table 1 shows the format for recording gas leakage on the natural gas 

transmission line. It allows recording the location point and the date of the 

record. It is a disjunctive record, yes, or no, at a given moment. It will enable 

documenting the means responsible for gas leakage: defective joints installed 

valves or gas pipeline walls. [14] 
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Table 1. Format for Pipeline Inspection Registration 

 

pipeline 

section 

0-1,000 1,000-2,000 2,000-3,000 3,000-3,300  

section of the 

pipeline 

+10 +20 +30 +40 +50 +60 +70 +80 +90 

environmental 

contamination 

Sí No Sí No Sí No Sí No Sí No Sí No Sí No Sí No Sí No 

Natural Gas 

Transmission 

Line 

                  

Defective 

joints 

                  

installed 

valves 

                  

gas pipeline                   

 

To determine the environmental contamination produced by natural 

leakage in the natural gas transmission line, it must be considered that the 

route of the transmission line is 3,315 km (100 m inside the control station 

and 3,215 km of the gas pipeline itself). It is located in the district of Chila, 

province of Cañete, department of Lima; in that sense, the present 

investigation's study area was delimited. [15] 

 

 3 Results 
 

Table 2 shows how to calculate the amount (m3) of natural gas leaking 

from the pipeline. 

- Volume (m3) of natural gas entering the pipeline, which passes through 

the first valve. 

- Volume (m3) of natural gas leaving the pipeline, which passes through 

the last valve. 

- Volume (m3) of natural gas leaving the pipeline but not passing through 

the last valve. This is the leakage of natural gas that comes out of some 

channels and impacts environmental pollution. It is calculated as the 

difference between the first and second columns: c = a - b. 
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Table 2. Emission of natural gas into the environment 

 

N° 
Natural gas inlet 

(a)
 

initial (m
3
) 

Natural gas outlet
(b)

 

(m
3
) 

Natural gas leakage
(c)

 

(m
3
) 

  1 155.40 144.40 11.00 

  2 155.23 145.23 10.00 

  3 155.81 146.81 9.00 

  4 155.35 146.75 8.60 

  5 156.57 145.17 11.40 

  6 156.11 149.11 7.00 

  7 155.60 145.80 9.80 

  8 155.60 145.40 10.20 

  9 156.00 145.40 10.60 

10 155.24 143.24 12.00 

11 156.48 144.88 11.60 

12 156.11 144.31 11.80 

 

Table 2 shows that the amount of natural gas entering the pipeline is not 

equal to natural gas leaving the channel. The arithmetic difference is 

evidence of natural gas leakage. 

Mean (x): 155.79 

Sample deviation (S): 0.46 

 

  
   
 

√ 

 
           

    

√  

 

            

 

In the distribution, with a significance level of α = 0.05, the sample 

provide evidence that natural gas leakage impacts environmental 

contamination by the gas pipeline in the transmission line of the district of 

Chilca by reducinthe volume of gas by 90% in a given time. [16] 
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Figure 1. Testing of poles 

 

Figure 1 shows the revision of the pipeline in the natural gas 

transmission line in the district of Chilca. The excellent state of conservation  

of the channel, as there are no defective joints in the pipeline, no natural gas 

leak through the pipeline walls. Consequently, it has no impact on the  

channel's environmental contamination in the transmission line in the district 

of Chilca. 

 

 
                             

                 Figure 2. Inspection of valve readings 

 

Figure 2 shows the revision of the pipeline valves in the natural gas 

transmission line in the district of Chilca. The excellent state of conservation 

of the valves and pressure gauges, as there are no defective valves or faulty 

pressure gauges, is no natural gas leak through them. Consequently, there is 

no impact on environmental pollution by the pipeline in the transmission line 

in the district of Chilca. [17] 
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Figure 3. Inspection of anthropogenic activities 

 

Figure 3 shows the revision of the pipeline in the natural gas transmission 

line in the district of Chilca.  

The ASME B31 8-2003 Standard Methodology establishes the operation and 

maintenance procedures that affect gas transportation and distribution  

facilities' safety. Patient observation of how engineers and maintenance 

personnel handle the poles is carried out (Table 3). 
 

Table 3. Improper Handling of Poles 

 

N° 
(a)

 Manipulation
(b)

 Observation 
(c)

 Gas Leakage 
(d)

 

  1 correct none Does not exist 

  2 correct none Does not exist 

  3 correct none Does not exist 

  4 correct none Does not exist 

  5 correct none Does not exist 

  6 correct none Does not exist 

  7 correct none Does not exist 

  8 correct none Does not exist 

  9 correct none Does not exist 

 

Table 3 shows the observation of engineers and maintenance personnel's 

actions concerning the poles to determine the correct handling of the bars. If 

improper operation is observed, there would be natural gas leakage from the 

pole. 

Table 3 shows the follow-up results and monitoring of the inspection of 

the correct/incorrect handling of the pole (anthropogenic activity) to 

determine if there is a natural gas leakage, which affects environmental 

contamination. [18] 
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The incorrect manipulation of one of the valves, as a result of 

anthropogenic activities, when there is a wrong manipulation of one of the 

valves, if there is leakage of natural gas, consequently, it has an impact on 

environmental contamination by the gas pipeline in the transmission line of 

the district of Chilca. [19] 

 

4 Analyses and Interpretation 
 
4.1 Gas Leakage in the Natural Gas Transmission Line 
 

 
 

Figure 4. Emission of natural gas into the environment 

 

Figure 4 shows natural gas leakage (m3) and the natural gas transmission 

line in the Chilca district. The monthly emission of natural gas into the 

natural gas transmission line environment directly impacts environmental 

pollution, like methane (CH4) is the main component of natural gas. It is 

necessary to remember that CH4 is 23 times more harmful than carbon 

dioxide (CO2), both Greenhouse Gases (GHG). [20] 

This research's primary purpose was to demonstrate a natural gas leak 

and that this has an environmental effect on the transmission line in the 

district of Chilca. As a consequence of this gas leak, ecological 

contamination is produced in the area of influence. 

 

4.2 Defective joints in the gas pipeline 
 

The investigation in this part of the experience shows that there are no 

deformations in the welded joints, no cracks in the welded joints, no cracks in 

the walls of the gas pipeline, no pores in the welded joints, and no pores in 

the walls of the gas pipeline. In this part of the experience, the results, being 

the gas pipeline in optimal operating conditions, allow concluding that there 

is no leakage of natural gas by this means. [21] 

 

155.40 
155.23 

155.81 
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156.00 
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4.3 Defective valves in the gas pipeline 
 

The investigation in this part of the experience shows no defects in the 

valve seals, defects in the valve seats, or defects in the valve pressure gauges. 

In this part of the incident, the results, since the valves and pressure gauges 

are in a good state of conservation, allow for no leakage of natural gas 

through these means.  

 

 

4.4 Anthropogenic activities in the gas pipeline 
 

The investigation in this part of the experience shows that if there is 

undue manipulation of the valves, it is also demonstrated that there is no 

excessive manipulation of the valve pressure gauges. The results, in this part 

of the experience, show that the operators in charge of the maintenance of the 

excellent operation of the pipeline, as well as the regular tests that they carry 

out, open the key of valve 6, to expel deliberately the content of natural gas 

contained in that section, this operation is carried out to eliminate all risk of 

explosion, to initiate processes of control and maintenance. These control and 

maintenance operations are carried out once a month by the operators, which 

means that 155.81 m3 of natural gas is emitted into the atmosphere every 

month, causing environmental pollution in the work area. 

 

5 Discussions 
 

Natural gas has recently gained notorious importance in the world energy 

sector due to the discovery of massive unconventional gas reserves. Peru has 

not been alien to this global trend. In the early eighties, one of the fields with 

the most significant gas potential in South America, the Camisea field (in the 

southern jungle of the Cusco region), was discovered. 

Natural gas has replaced oil (expensive fossil fuel and very volatile in its 

international price) and hydraulic power, subject to its climatic variations. 

Also, it is an essential source of fossil energy released by its combustion. So 

it is a fossil source; it is non-renewable energy, which, at some point, will 

have to be exhausted unless millions of millions of years go by after a 

cataclysm. Everything remains underground for that period. 8,19] On the 

other hand, it has many applications, both in industry and in the home, and 

one of the reasons is because it is safer and cheaper. It is used in high-

performance power plants, cogeneration plants, natural gas vehicles, fuel 

cells, etc. It is used for the home to heat domestic water, hot springs, 

kitchens, ovens, etc. It is used in hotels, restaurants, hospitals, laundries, 

bakeries, etc. [22] Also, it is a fluid (it occupies the place that the system 

delimits it. Also, it can be compressed, which increases its kinetic energy), 

and its behavior is described as an ideal gas; consequently, the properties of 

natural gas can be studied as a perfect gas, this idealization, This idealization  
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allows predicting that, by increasing its kinetic energy, it makes it more 

dangerous, and that the only fact of a spark, in other words, the ignition point 

(flash point or fire point of the gas), will start to burn, and, if the gas is 

compressed, an inevitable explosion will occur.  Leaks, explosions, risks of 

explosions of natural gas are not unrelated to its storage and transportation, 

being some of the many cases referenced as background in this research, 

presented in various countries of the world. Many of them, more advanced 

(scientifically and technologically speaking) than Peru, and many of them, 

with control protocols, monitoring, and monitoring, more rigid than Peru; this 

means that Peru is not exempt from any danger when handling, transporting, 

and using natural gas. [23] 

Natural gas is a fossil fuel, which is replacing oil, another fossil fuel; 

natural gas produces a less environmental impact of all those used, but this 

does not mean that it does not pollute the environment, this is not entirely 

true, remember that the main component of natural gas is methane gas (CH4), 

in a concentration of 79% - 97%, and being this methane gas, equivalent to 

23 times the greenhouse effect than carbon dioxide (CO2), the latter two, 

considered as Greenhouse Gases (GHG). [24] 

The leakage of natural gas is an inexorable cause of environmental 

pollution, endangering the ecosystem in the area of influence of the storage 

or transport of the gas, and, above all, exposing the health of people who 

handle it, directly or indirectly.  

For the natural gas to be used in the city of Lima, it must first arrive and 

pass through the district of Chilca; in this district, the natural gas travels 

through the natural gas transmission line, which has a length of 3,315 km, in 

that route, it has nine control posts, 40 control valves, with an equal number 

of pressure gauges. The control and maintenance operations are in charge of 

4 crews divided into four sections for individual supervision.  

The demonstration of environmental contamination in the natural gas 

transmission line in the district of Chilca has been a qualitative demonstration 

of disjunctive character (if it exists or does not exist). Since its march was 

associated with the demonstration of natural gas leakage. The quantitative 

demonstration is invoked as the first recommendation in the present 

investigation [25].  

The demonstration of the existence of natural gas leakage in the transmission 

line of the district of Chilca was based on a methodology that, in turn, 

demanded the fulfillment of a series of methods indicated in the respective 

chapter, On the contrary, as natural gas is a well-studied compound and quite 

dangerous in its storage and transport, it has a specific methodology for each 

case of analysis, by the way, many of the methods used are international 

standards, applicable in all the countries that use this gas. [26] 
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Demonstrations  

 
First of all, natural gas leakage was demonstrated in the transmission line 

of the Chilca district; once that was done, it was necessary to determine the 

point or points of gas leakage along the entire gas transportation route. In this 

part of the investigation, it is essential to resort to the kinetic theory of ideal 

gases and their respective formulas. [27] 

Secondly, the excellent condition of the gas pipeline was demonstrated, 

i.e., there were no deformations in the welded joints, there were no cracks in 

the welded joints, nor was there the presence of pores in the welded joints, as 

a corollary of this demonstration, the absence of leakage of natural gas by 

this means was demonstrated. In this part of the investigation, it was required 

to stick, mainly, to the post-test protocol.  

Third, the excellent condition of the valves and pressure gauges was 

demonstrated, i.e., there were no defects in the valve seals, no defects in the 

valve seats, no defects in the valve pressure gauges; as a corollary to this 

demonstration, the absence of natural gas leakage by this means was 

demonstrated. In this part of the investigation, the respective protocols were 

used. 

In fourth place, the correct manipulation of the pressure gauges and the 

proper manipulation of the posts were demonstrated; that is, there was no 

natural gas leakage by these means. In this part of the investigation, the 

respective protocols were used. [28] 

Finally, the incorrect manipulation of one of the valves was 

demonstrated, an improper manipulation, not precepted in any international 

or national protocol, in a deliberate manner, valve six was manipulated to  

expel natural gas contained in that section, to leave it empty, thus eliminating 

any risk of explosion, to initiate the control and maintenance operations then. 

This malpractice was constant and permanent, carried out once a month. 

 

 6 Conclusion 
 

There is natural gas leakage due to improper handling of the valve. No. 8 

and 155.81 m3 of natural gas are emitted monthly into the environment, 

mainly as CO2, a GHG that pollutes the environment and the ecosystem in 

the area of influence of the gas transmission line in the district of Chilca. 

There is no natural gas leakage through the gas pipeline shell, i.e., there 

are no deformations in the welded joints, no cracks in the welded joints, no 

cracks in the gas pipeline, no pores in the welded joints, no pores in the gas 

pipeline walls; therefore, there is no environmental contamination by this 

means, in the Chilca district transmission line. 

There is no leakage of natural gas through any of the 40 valves in the 

pipeline, none of the valves are defective, i.e., there are no defects in the 

valve seals, no defects in the valve seats, no defects in the valve pressure 

gauges, therefore, there is no environmental contamination by this means in 

the transmission line in the district of Chilca. 
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There is no leakage of natural gas due to improper handling of any of the 

40 pressure gauges or improper handling of any of the nine poles; therefore, 

there is no environmental contamination by this means in the district's 

transmission line Chilca. 
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