
Introduction
Nowadays, the oil industry gives great attention to providing the 

reliability and safety during the construction and operation of main 
pipelines. Despite this fact, the emergency situations associated with 
oil transportation by pipelines occur very often [1-4]. In general, such 
accidents include high material costs for the oil pipeline’s operating  
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companies and significant damage to the environment, people, and 
property in the vicinity of the failure pipelines. Therefore, the de-
creasing of the probability of emergency situations on the main oil 
pipelines is one of the immediate issues in this field. The problem 
is especially important for pipelines, which are located and operated 
in special climatic conditions. The main factors, which contribute to 
the emergency occurrence, are the following: the usage of significant 
amounts of flammable and explosive substances in operating proce-
dure; the existence of mechanical impurities in oil, causing abrasion 
of equipment and pipelines; operating procedure under pressure; 
harsh climatic conditions and others. 

Pre-accident analysis is an important aspect of emergency oil 
spills problem. The main causes of oil pipelines accidents are pipe-
line corrosion (including internal and external), construction defects, 
mechanical damage (including excavation work), diversions, unau-
thorized junctions, third party activity, oil pipelines’ operational im-
perfection, manufacturing defects of pipes and equipment, natural di-
sasters [5-9]. During the oil transportation, the loss of piping integrity 
may occur, which would lead to release of hazardous substances into 
environment. The main result of such accident is the transported oil 
leakage, which creates toxic pollution of the environment (water, air 
and soil). Moreover, as a result of spilled oil evaporation the cloud 
of fuel-air mixture is formed. The presence of ignition source within 
the cloud may lead to its inflammation. The highest risk of accidents 
on pipelines is connected with longitudinal damages. They can occur 
during the formation of corrosive gas pocket or guillotine ruptures 
both on the base part of pipe and in the zone of welding joints. There-
fore, the loss of piping integrity is considered as the most frequent 
initiating event, which causes the hazardous substance’s release into 
environment [10-13]. The loss of piping integrity mode influences the 
types of leakage. If discharge area is small, relatively longtime liquid 
outflow through a hole is observed. On the other hand, if pipeline 
integrity damage is significant, considerable volumes of hazardous 
substance reach environment immediately.

The Main Challenging Issues on Oil Pipeline Trans-
portation in India

Although the Pipeline and Hazardous Materials Safety Adminis-
tration (PHMSA) has standard baseline incident frequencies to es-
timate the number of spills, TransCanada altered these assumptions 
based on improved pipeline design, operation, and safety. Whether 
these adjustments are justified is debatable as these assumptions 
resulted in a nearly 10-fold decrease in spill estimates. Given that 
the pipeline crosses 247 miles of the Ogallala Aquifer, or 14.5% of 
the entire pipeline length, and the 50-year life of the entire pipeline 
is expected to have between 11 - 91 spills approximately 1.6 - 13.2 
spills can be expected to occur over the aquifer. An estimate of 13.2 
spills over the aquifer, each lasting 14 days, results in 184 days of 
potential exposure over the 50 year lifetime of the pipeline. In the 
reduced-scope worst-case exposure scenario, the volume of a pin-
hole leak at 1.5% of max flow-rate for 14 days has been estimated at 
189,000 barrels or 7.9 million gallons of oil. According to PHMSA’s  
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Abstract
Risk Assessment is an extremely useful tool in providing a frame-

work in which to identify the possible hazards and evaluate the risks 
associated with all crude oil pipelines. Fluid transmission risks are 
associated with constant dynamic loads on the system and instabil-
ity of the process. A large number of connecting fittings creates an 
additional danger of piping integrity’s loss. It was found that, on av-
erage, 85% of product released after an accident remained unrecov-
ered,53% of accidents led to soil contamination, 41% of accidents 
impacted environmentally sensitive areas, and 92% of water cross-
ing pipelines involved in accidents were uncased. Pressure drops, 
dynamic and static loads create good conditions for the deformation 
aging of metal. From this point of view, the oil transportation by pipe-
line is the greatest danger, since this substance is characterized by 
the formation of two-phase flow, the existing of pulsation flow, the 
formation of shock waves and discharge zones. Hence this paper 
address about the influences of accident on the environments sit-
uated around the oil pipelines and its severity on the economy with 
respect to the human life.
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incident database, only 0.5% of all spills in the last 10 years were 
>10,000 barrels. The introduction of benzene and other volatile or-
ganic compounds (collectively BTEX) to the subterranean environ-
ment compounds the threat posed by a pipeline leak. Particularly if 
followed by rain, a pipeline breach would result in BTEX dissolution 
and equilibration of benzene in water, followed by percolation of the 
admixture into the aquifer. Benzene can cause many health problems 
and is carcinogenic with EPA Maximum Contaminant Level (MCL) 
set at 5 μg/L for potable water. Although it is not well studied, single 
benzene exposure events have been linked to acute carcinogenesis. 
Additionally, the exposure of livestock, mainly cattle, to benzene has 
been shown to cause many health issues, such as neurotoxicity, fetal 
damage and fatal poisoning [14]. 

The entire surface of an above-ground pipeline can be directly ex-
amined for material breach. Pooled petroleum is unambiguous, readi-
ly spotted, and indicates the location of required repairs. Because the 
effectiveness of remote inspection is limited by the cost of monitoring 
equipment, gaps between sensors, and data that requires interpreta-
tion, small leaks in buried pipe can sometimes go undetected. Pipe-
line developers do not always prioritize effective surveillance against 
leaks. Buried pipes draw fewer complaints. They are insulated from 
extremes in ambient temperature, they are shielded from ultraviolet 
rays, and they are less exposed to photodegradation. Buried pipes are 
isolated from airborne debris and acid rain. They are protected from 
nesting birds, rutting mammals, and stray buckshot. Buried pipe is 
less vulnerable to accident damage (e.g. automobile collisions) and 
less accessible to vandals, saboteurs, and terrorists [15].

Statistical Annalysis For Estimating Accident Rates 
in Oil Pipelines

The total cost of an accident is the sum of the estimated costs of 
public and non-operator private property damage paid or reimbursed 
by the operator, loss of product released unintentionally and during 
intentional and controlled blow down, operator’s property damage 
and repairs, emergency response, and environmental remediation. 
This study estimates the cost of environmental remediation as a per-
centage of the total cost of an accident. The hazardous liquid pipeline 
network has grown from 292,879 km in 2010 to342, 204 km in 2016, 
as shown in Figure 1, which is an increase of about 14% (49,325 km) 
over the 7 years.

The highest annual average volume released between 2010 and 
2017 was 1,394 barrels in 2013. The peak observed in 2013 was due  
to 4 large hazardous liquid releases: 20,600 barrels of crude oil were 

released in North side-oriented pipelines, 18,400 barrels of ethane/
propane mix were released in south side, 11,405 barrels of liquefied 
petroleum gas in Cochin, and 23,702 barrels of the same product in 
Bangalore. On average, 85.2% (30%) of released product remained 
unrecovered after an accident [18].

Figure 2 shows the surface water was the most often contaminated 
water type (68%), followed by ground water (29%), drinking water 
and private well water (1%), and public water(<1%).The PHMSA 
database reports no missing information for water contamination; 
how-ever, information about soil contamination is often missing for 
the years 2010through 2014. On average, 53% (6%) of accidents lead 
to soil contamination. The details of impacts related to soil contami-
nation (e.g. volume or area of contaminated soil) are not recorded in 
the database provided by PHMSA and, for this reason, it is not possi-
ble to evaluate the magnitude of the environmental impact on soil due 
to hazardous liquid pipeline failures [16].

Implementation of Approaches for Risk Assess-
ments

Nowadays there are several approaches to risk assessment: phe-
nomenological, deterministic, expert and probabilistic. Phenomeno-
logical approach is based on emergencies possibility determination 
using the analysis results that represent conditions connected with the 
nature laws. This approach is the easiest one to use and gives reli-
able results, if operating processes have sufficient margin to limiting 
levels. However, it is unreliable, when abrupt change of substances 
or systems occurs. This approach is preferable to compare the safe-
ty margins of different potentially dangerous objects and is useless 
in analysis of emergencies, which depends on reliability of different 
parts of the object or its safety facilities. Figure 3 shows the dynamic 
risk assessment conceptual frame layout.

Figure 1: Annual hazardous liquid pipeline mileage and failure rate for hazardous 
liquid pipelines [16-18].

Figure 2: Annual ratio of water type contamination due to hazardous liquid pipeline 
accidents [16].

Figure 3: Conceptual layout of dynamic risk assessment.
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Deterministic approach provides an analysis of the sequence of 
the accident development from the initial event through a series of 
suggested failures. Emergency process is studied and predicted with 
the help of mathematical modeling, construction of simulation mod-
els and complex calculations. Disadvantages of this approach include 
the gaps in some important events in accident development; difficulty 
in adequate mathematical models construction; complexity and high 
cost of experimental studies to validate computer models. Expert ap-
proach is based on obtaining quantitative risk assessments by pro-
cessing of experts’ opinions. The main disadvantage of this approach 
is the necessity to analyze the objectivity and reliability of experts’ 
opinions. Figure 4 describes about the predictive analysis sequences 
to be done in oil and gas pipeline industry.

The probabilistic approach involves the probability assessment of 
the accident. This approach allows analyzing the chain of events and 
equipment failures and estimating the total probability of accident. 
Main disadvantage of this approach is related to the lack of statis-
tics on equipment failure. In addition the usage of simplified design 
schemes reduces the reliability of the risk assessment for serious 
accidents. However, this approach currently is considered as one of 
the most perspective ones. In this paper probabilistic approach was 
used. Its application can be explained by capacity to model all possi-
ble pipeline accident scenarios. Different techniques (statistical data, 
event tree analysis, fault tree analysis, etc.) allows to identify and 
quantify all scenarios, as well as to determine the protective actions 
if emergency occurs.

Discussion and Conclusion
PHMSA gathers information about total costs associated with 

hazardous liquid pipe-line accidents. The total costs are divided into 
various types in which Figure 5 that, on average, from an annual total 
cost, environmental damage and remediation cost hazardous liquid 
pipeline operators per year. The peak observed in 2010 is due to the 
which resulted in the highest total and environmental damage costs 
from pipeline spills recorded between 2010 and 2017. On average, 
28% (7%) of the total costs of accidents are due to environmental 
damage and remediation [17].

A large portion of the volume released to the environment as a 
result of pipeline failures and releases often remains unrecovered 
and dispersed in the environment. Additional actions should be tak-
en to reduce the amount of unrecovered product and increase soil 

remediation rates. The PHMSA database did not include reasons 
for not remediating soil after a spill or for failing to more effective-
ly recover the released product. By containing the dispersion of the 
material in the environment or improving spill detection systems, it 
is possible to reduce environmental damage and related costs. It is 
considered that the initiating event is the loss of piping integrity due 
to rupture or puncture of pipeline’s section. The output event forms 
such adverse factors as thermal radiation (for oil spill fire) or blast 
overpressure (for oil vapor explosion). 

The results of this research include the following: -The main rea-
son of oil pipeline accident is depreciation and metal corrosion, which 
are caused as well as by local climate conditions. -The most danger-
ous are the pipeline’s sections, which have intersections with water 
bodies. The ecological damage is the main adverse effect for such 
accidents. -The lethal injury for pipeline’s servicers is possible during 
pipeline inspection or construction and assembling operations, if the 
time of their presence and accident occurrence will match. -The ob-
tained individual, societal, public and potential risks can be compared 
with acceptable values.
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