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CONSEQUENCES OF FAILURE OF GAS
NETWORK INFRASTRUCTURE

Ecology today is becoming increasingly importamicréasing air pollution and
greenhouse gas emissions make the search for selshvihich will not have such
a negative effect on the environment as the fuelausrently - mainly coal. At pre-
sent it seems that the substitute fuel can be gaskels (propane-butane, me-
thane). Their combustion is less harmful to theiremvnent and their transport is
relatively not very complicated. As it turns outetuse of gas is increasing in in-
dustry, automotive, heating systems (power pldras ¢perate in the so-called co-
generation). The increase in demand carries canimuaevelopment of gas infra-
structure, which in turn may increase probabilitfailure. As a conclusion of this
article, taking into account all the constructiosagdters induced by the gas, the
number of such failures is relatively small. It sltbbe remembered, that the disas-
ter caused by gas explosion may cause very largerialaand human losses. Not
without significance is the impact of gas leakagg, of the pipeline on the envi-
ronment. An example is the methane which is a greese gas, less persistent in
the air, but much more active than £@he article presents selected disasters as-
sociated with natural gas or propane-butane andntpact of these gases on the
environment because these fuels are most commaelg in most sectors of the
economy.

Keywords: natural gas, gas explosion, gas combustion, theréadf the gas net-
work

1. Introduction

Currently, natural gas is a source of energy, Wisaused more intensively.
This fuel is increasingly used in many areas of@henomy, e.g. automotive,
energy, households. Therefore the need for a peagrce is growing and, in
turn, it causes the necessity to expand the netafogls pipelines.

Another factor determining the increased inteire$tiel gas is ecology. The
increasing pollution and greenhouse effect deepestimulates the slow but
systematic shift away from petroleum based on faeld coal. In comparison
with these fuels, gas seems to be a good altema@iombustion gas is practical-
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ly without solid particles and less harmful compdsinOn the other hand fail-
ures of gas distribution system can cause damagpopkrty and loss of life.
Leaking gas negatively affects the local environtrard the long uncontrolled
leakage of gas appear over large areas [3]. Therdutrend is observed in the
gas supply is steady decline in incidents involuilegiths and injuries in the last
twenty years [10, 12]. But still large part of thetwork was built almost seventy
years ago, such situation can cause numerous atgids gas explosion or re-
sult in human losses or injuries [11]. As to desecthe number of failure many
action and programme where implemented, but $tdre is great urgency of
continuous efforts in this field.

Increasing length of gas pipelines increases thbability of their failure.
In turn, the gas pipeline failure generally causese or less of gas leakage,
which results in various consequences - as destiibihis work.

2. The consequences of the gas leak

The consequences of gas leakage depends mainlyegpldce of leakage
(open or closed space) and the amount of "escapimg'per unit time. Also it is
not without significance the size of the mouth (tag) through which the gas
escapes. One of the most common consequencesurfcantrolled leakage of
gas is its ignition and then explosion, but cert@nditions must be met before
it happens. The main factor necessary for the oenoe of escaping gas ignition
is its concentration, which in case of methane earfgom 4.9% to 15.4% [13].
The outbreak of the greatest strength occurs wihemrdncentration of methane
is approx. 9% [5, 14]. Above or below the levellué explosive force decreases,
since the smaller the gas concentration, it sinmay enough to cause the gas
ignition and when more gas is explosive force suced by small amount of
oxygen, which is necessary to ignite the gas. Sk€actor after the gas concen-
tration is the source of ignition. In this case theoignition temperature is im-
portant, which for the methane is 88513]. If we heat the gas to this tempera-
ture, it will ignite without a direct source of dir In case of pipelines such tem-
perature practically does not occur. Gas escapimg & leaky pipeline ignites
mainly from the source of fire begining from spafksg. a spark in electrical
devices or a spark caused by hitting of metal otalhand ending with the open
source of fire or flame.

The combustion of natural gas as other gases nmay @t a controlled and
uncontrolled way:

- controlled combustion (i.e. diffusional) involvesfdsion of the oxidant gas,

- uncontrolled combustion (i.e. kinetic) depends loa tate of reaction of the
oxidant and the combustible body, the faster tteetien the more violent
combustion.

Of course, the combustion kinetics is associateth @wigreater loss [13].
The consequences of a gas explosion may be ditfeérery depend on the com-
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bustion type (kinetic or diffusional) and on thevieonment in which the leak
occurred.
The process of creation of the gas explosionustilated in the Figure 1.
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Fig. 1. Gas explosion and its consequences, obasis of [1, 2]
Rys. 1. Wybuchu gazu wraz z jego konsekwencjanma@pmwano na podstawie [1, 2]

The consequences of ignition of gas escaping flompipeline depend on
whether there was an explosion or flame combusfidve explosion occurs
when in a specific area gas with a specific correéion gathers (approx. 9%),
which will result in the rapid ignition and burning sudden rise in temperature
and pressure cause the displacement of large a&sasaoutside the explosion
site. The air moving at high speed forms the stedadhock wave. The spread
speed of the explosion after the ignition of ndtges is approx. 2320 m/s. Due
to the high speed of the shock wave, it causegridfisant loss of material and
creates great danger for the lives of people ldcatéhin its activity. Gas
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explosions occur mostly when gas flows into enaosgaces, where it quickly

reaches explosive levels. Although pipelines witbdiam and low pressure do

not pass directly through the buildings, it happéret escaping gas is one of
causes of explosion in the buildings where sometithere is no gas installation.

Scheme of such activity is following: through dayed pipeline gas penetrates

into the surrounding of gas pipe. Often (especi@liarge urban areas) next to

the gas pipelines are sewer lines, water supplyesys electrical and ICT
systems. Gas escapes from the pipeline in the sgnplay and goes to the
channels, which are pipes of above mentioned imireisire delivering media to
the buildings. From these channels gas usually goéise cellars of buildings,
where its concentration slowly but steadily incesadt should be remembered
that the amount of gas flowing into the buildingtime unit depends on the
speed of a gas leak, distance from pipeline tobili&ding and from the way
which gas enters building (cross section of chanrehd their number).
Potentially, from the damaged pipeline more gas mwter the building in the
winter because in the frozen ground there are ghotsigh which gas slowly but
regularly flows into the building. The cellars amatively infrequently used
rooms so the incoming gas is not immediately idiexti In addition, vigilance is
reduced in buildings where the gas is not restdidaen the gas concentration
reaches an appropriate level, just a minor soufcégmtion can cause the

explosion (eg. a spark in the light switch) [9].

Examples of selected disasters associated witexplesion of gas in build-
ings to which gas got from the depressurized pipel

- February 1, 1976 - Gdak Siedice, a gas explosion in a two-storey bugdin
which had no gas installation. The cause of thdosign was that gas got
through leaky pipeline from other building. The smuof ignition was the in-
clusion of lighting in the basement of one residésta result of the incident
17 people were killed and 11 injured [15],

- February 22, 1982 - Ldd a gas explosion in one storey building, which de-
stroyed the entire ground floor, saving load-beavimlls. The cause of failure
was the passage of gas from a corroded pipelingshwiias located outside
the building. Gas got into the basement throughhis@t pipe. The incident
killed two people, while 10 were injured [15],

- Russia (near the Urals), a gas leak from a dampigedine, which was locat-
ed next to the railway line. Gas escaping frompelpie for a long time con-
tributed to the creation of the zones next totthek where the gas concentra-
tion reached the explosive value. The explosionpbapd when two trains
(carrying approx. 1200 passengers) passed neadamaged pipeline. The
cause of the explosion were sparks coming from wtttke wheels of trains.
The crash killed approx. 645 people and twice asymaere injured. The
cause of a leakage was damage of the gas pipelde fwy the excavator in
1985. Over the years a leak in the pipeline bedaigger and led to a substan-
tial gas leak causing explosion [4],
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- February 15, 1979 - Warsaw, one of the biggeststiss in Poland triggered
by the explosion of natural gas, the explosion kapd in the Rotunda PKO.
It is worth to mention that the building of the Rotla was not connected to
the gas network. The reason for getting the gatheobuilding and conse-
guently the explosion was unsealing the undergrquipdline that runs near
the Rotunda from which the gas got into the buddimough telecommunica-
tion channels and there after reaching the exgtosoncentration exploded.
The incident killed 49 people, while 135 were igjdr The building was de-
stroyed in 70% [6].

From the above examples, it can be seen that theesiurized pipeline
could cause a gas explosion inside the buildingintigcated earlier, gas under
certain conditions, may cause explosion or buri fi@dme. The burning flame
of gas does not occur as rapidly as an exploseunsing some minor effects but
also severe. Gas flame burns when the environrosewhich gas escapes does
not allow to achieve concentrations of explosiveygually happens in open
spaces. During flame burning a shock wave doesecmir, but is accompanied
by a phenomenon also dangerous. The point is lilgagas coming out of the
technical equipment, e.g. gas pipeline tends toentovelatively long distances
in the form of cloud.

When such a "migrating” cloud of gas encounterssitwrce of fire, e.g.
a spark from the chimney, it starts to burn. Is thiay a fire caused by a gas leak
may spread long distances and cover large araaarth difficult to control. An
example of such a disaster associated with thdlgme burning can be a fire
that took place on 14 November 2013 in Jankowo dtrdgki. According to the
source [15] the cause of the explosion was fau#tdarduring the construction of
a new gas pipeline next to the existing one. Adogrdo the experts during the
construction of the new pipeline the excavatedheads improperly stored. The
excavated earth was stored too close to the "g&d' pipeline, also heaped
escarpment was too high, resulting that the pipediipped into the pit prepared
for the new pipeline. Landslide caused unsealimgpipeline. The second fault,
which led to a leakage of the gas pipeline wasfactiee weld made at joining
two parts of the pipeline [15]. As a result, thegy@amount of gas leaked into the
atmosphere, which at first exploded and then staatdire. Some sources say
that the spread of fire was caused by a gas cldudhwmoved from the site of
leakage to the buildings. After reaching a suffitieoncentration a cloud was
ignited by, for example, a spark from the chimnegl aaused a fire [8]. The fire
destroyed 10 houses and 2 outbuildings, 2 peopte wiled (men working on
the construction of a new gas pipeline), while &8ple were injured.

How destructive force can be gas explosion showsegample of
catastrophe, that occurred in San Juanico on 1@iKber 1984. In this case, the
type of gas which exploded was LPG, a mixture ajppne (80%) and butane
(20%). According to experts, the investigation klished a probable disaster
scenario, the crash was initiated by a ruptureipélme by which LPG flew.
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Due to the fact that the gas is heavier than ladr,"tloud" of gas began to spin
on the ground and then was ignited by flare infthen of the so called candle
firing the gas excess. The burning warmed the gakstof LPG, which under
the influence of high temperature were damaged.odbof 48 tanks were
destroyed, their weight was 20 tons. Those tanka essult of the explosion
were transferred to the distance from 100 to 10@fers, which contributed to
the damage outside the plant.

The four spherical tanks with a capacity of 1500(containing LPG in the
liquid state) as a result of the explosion turnad ffireballs with a diameter of
200-300 meters, which burned for approx. 20 secoBdming drops of liquid
gas from the burning tanks moved for long distanteus creating a fiery rain.
The force of the blast, created as a result of ezatpre increase, caused that
from the burning tanks besides burning gas alse fthgments of tanks,
weighing from 10 to 40 tones, were thrown out aagehbeen found even at
a distance of approx. 900 meters from the blagt. Sihe explosion killed
550 people and injured more than 2000. This catalsé is now considered as
one of the biggest and most tragic disasters caugsegds explosion [4].

3. Environmental pollution

Leaking gas from depressurized pipeline or othgrcdefor gas transport or
storing not only causes an explosion and fireatsa environmental pollution or
ecological disasters. Natural gas contains alm8% ®f methane, which is
a greenhouse gas approx. 23 times more effectare@Q).

However, it should be noted, that the impact oftraee (which leaked from
the pipeline) on the greenhouse effect is negligitile reason for this is relative
small amounts of methane in the air.

On the other side, escaping natural gas in coraitkeamounts can cause
serious pollution of the local environment. Excessamounts of methane in the
air can cause nausea, headache or respiratotiont By displacing oxygen
from the air by methane, the excessive concentratiothe gas can lead to
suffocation.

An example of an environmental disaster associatigd natural gas is
uncontrolled gas leak which took place at the eén®0d5 in California. In this
case, the gas leaked from a bed in Porter RancthinMbne day, into the
atmosphere got nearly two million cubic meters ottimane. Elevated
concentrations of methane in the air has causeddtezioration of the health of
the local population. People complained about hdlzel dizziness and
problems with the respiratory system. As a resftilteakage of such a large
amount of gas the local authorities declared aestdtemergency and the
evacuation of the population. Escaping gas alsoahdevastating impact on the
environment.
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As estimated by experts, escaping methane only in one day caused such
negative effects as emission of approx. 7 million cars [7]. It is worth to mention
about the consequences of the gas leak from a gas pipeline located under water.

Unfortunately, the current state of the consequences of the impact of
methane on the underwater world is not fully known. However, it was found that
natural gas in excessive concentration in water is toxic for living organisms. The
large fish sensitivity to methane is observed, the gas paralyses their nervous
system. In places where gas leakage occurs, the extinction of aquatic organisms
is observed.

4. Disasters caused by gas explosion in numbers

Building catastrophe is not intentional, violensttaction of the object or
its part [16]. The statistics of construction disas in different years was devel-
oped on the base of the literature [15, 17].

In the years 2004-2014 the most construction dissistaused by gas explo-
sion occurred in 2008 (of about 1 113 disaster)ijenttne smallest number of
disasters were recorded in 2005 - only 132 (Fi@yre

2014 207

2013 258

2012 426

2011 648

2010 731
2009 269

2008 1113
2007 520

2006 385

2005 132

2004 187

0 200 400 600 800 1000 1200
Number of building disasters

Fig. 2. The total number of building disastémnsthe years 2004-2014, developed on the basis of
[15, 17]

Rys. 2. Liczba wszystkich katastrof budowlanysgowodowane wybuchem gawulatach 2004-
2014, opracowano na podstawie [15, 17]

In case of the construction disasters caused byhgakighest number was
recorded in 2013 - 30, while the smallest numbecatfstrophes involving gas
was in 2004, only 8 (Figure 3).
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Fig. 3. The total number of building disastemused by gas explosian the years 2004-2014,
developed on the basis of [15, 17]

Rys. 3. Liczba wszystkich katastrof budowlanyshpowodowanych wybuchem gazu latach
2004-2014, opracowano na podstawie [15, 17]

Taking into account the gas as a factor causingligester construction the
gas type should be taken into account (Figure dhs@ering only the construc-
tion disasters in which the gas was the causeeotlibaster it clearly states that
natural gas caused less disasters than in theo€asepane-butane. The explo-
sion of propane-butane caused many catastroptg up to 22, while natural
gas caused the most catastrophes in 2013, only 13.

Almost every catastrophe is associated with injarethe death of people.
The comparison between the number of people whathed lives or were in-
jured in all the catastrophes and in the catasesmaused by gas is shown in
Figures 5-6.
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Fig. 4. The total number of building disastesmused by gas explosion with division into natural
gas and propane-butane in the years 2004-2014logeebon the basis of [15, 17]

Rys. 4. Liczba wszystkich katastrof budowlanysggowodowanych wybuchem gazysodziatem
na gaz ziemny i propan-butanlatach 2004-2014, opracowano na podstawie [1b, 17
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Fig. 5. The number of people killed in all the caitaphes and in the catastrophes caused by gas in
the years 2004-2014, developed on the basis oflZ]5,

Rys. 5. Liczha o0s6b zabitych we wszystkich katdath i tych wywotanych gazem w latach
2004-2014, opracowano na podstawie [15, 17]
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Fig. 6. The number of people injured in all catastres and in the catastrophes caused by gas in
the years 2004-2014, developed on the basis ofl[Z]5,

Rys. 6. Liczba osob rannych we wszystkich kataatiofi tych wywotanych gazem w latach
2004-2014, opracowano na podstawie [15, 17]

Analysing Figures 5 and 6 it can easily be seentttenumber of people
injured in the catastrophes caused by gas isvelgtsmall compared with other
catastrophes. However, the catastrophes relatgds@re more spectacular and
more frequently publicized by the media than theer.
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5. Conclusion

In general, disasters, also those associatedgagh are caused by not one
but several consecutive events. The gas failurebeataused by fault at design
or installation, which connected with the impropmse can lead to a gas leak.
Occasionally, it happens that uncontrolled gas lisakaused intentionally by
humans, e.g. by suicide or gas theft. The abovlysinashows that much less
construction disasters are caused by natural gas Ity liquid gas (propane-
butane). It may be related to the properties ef §atural gas is lighter than air
and in the case of leakage rises upwards and dihtergentilation systems. It
should also be remembered that the methane gasuseholds is delivered
through a network of pipelines. In the case of pragpbutane gas is heavier than
air and ventilation system instead gathers on thestsate. Propane-butane in
contrast to methane into the household is supjptieylinders. These cylinders
often are connected by people not having propelifipaéions and hence more
disasters are caused by this type of gas. In dod@inimize the failure probabil-
ity of gas distribution system various activitidssald be taken. These activities
can be divided into active, that are intended &vent crashes (or reduce the risk
of their occurrence) and passive, which task isntoimize the failure conse-
guences when it happens. Another example of safepsures, which should be
used as to protect before the failure is the useeaf materials to build devices
of gas distribution system and better protectianthagainst corrosion. There-
fore as to protect and minimize the consequencéslofe of gas network infra-
structure active development of new procedures fitwrdesign stage through to
gas infrastructure operation should be implemented.
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SKUTKI AWARII INFRASTRUKTURY GAZOWEJ

Streszczenie

Ekologia w dzisiejszych czasach nabiera corgksziego znaczenia. Rage zanieczyszczenie
powietrza i emisja gazow cieplarnianych zmusza aszpkiwa takich paliw , ktore nie dolg miaty
tak negatywnego skutku riaodowisko jak paliwa obecnie stosowane — gtownigiel i paliwva
ropopochodne. Obecny trend pokazuge paliwem zagpczym mog by¢ paliwa gazowe (propan-
butan, metan). W wyniku spalania emitajniej szkodliwych zwizkéw dosrodowiska a ich trans-
port nie jest stosunkowo zbyt skomplikowany. Jalokazuje, paliwa gazowe zajmujoraz wiksze
zastosowanie w przerlg, motoryzacji, ogrzewnictwie (elektrocieptownigpre pracuj w tzw.
kogeneracji). Wzrost zapotrzebowania niesie za silgty rozwdj infrastruktury gazowej, co z kolei
moze zwigkszy¢ prawdopodobigstwo awarii. Jak wynika z niniejszego artykutu,rb@opod uwag
wszystkie katastrofy budowlane udziat tych wywoleimgazem jest stosunkowo matly. Ngi¢ed-
nak pamita¢, ze katastrofa spowodowana wybuchem gazuemue¢ za soly bardzo due straty
materialne i ludzkie. Nie bez znaczenia jest wplyyciekahcego gazu np. z gazagu nasrodowi-
sko. Przykladem jest metan, ktory jest gazem aiejglaym, co prawda krécej utrzymaoym si
w powietrzu ale dio bardziej aktywnym ai CO,. W artykule przedstawiono wybrane katastrofy
zwigzane z gazem ziemnym lub propanem-butanem oraawylsh gazéw nd@rodowisko, ponie-
waz paliwa te § najczsciej stosowane w wkszaci dziedzin gospodarki.

Stowa kluczowe:gaz ziemny, wybuch gazu, spalanie gazu, awaria gé&owej
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