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Abstract

Today, the oil and gas industry is economically ranked highly on a global scale. On the other hand, it
is an industry that has various effects on humans and the environment. Therefore, attention to the
HSE sector in this industry is an important factor, and environmental risk assessment has become one
of the most important management tools in this area. With its vast oil and gas resources, Iran is the
second largest producer of OPEC (organization of the petroleum exporting countries), and all
exploration, extraction, production, and exploitation stages of oil and gas have extreme environmental
and ultimately adverse effects on human beings; hence one of the management factors of such
projects is to enhance safety and reduce accidents and environmental damages to increase the welfare
of human resources with a safe and sound environment. To identify and assess the risk of Marun'’s oil
field, all safety, health, and environmental hazards from the year 2019 to 2020 were studied, and
causal relationships between them were determined. The FMEA risk assessment index was used to
assess Marun's environmental, safety, and health hazards and the effective factors.
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1. Introduction

In order to achieve its goals and help people protect themselves, their assets, and their
activities against events that always endanger them, risk management uses specific sciences,
principles, and criteria to organize a systematic approach so that economic individuals, enti-
ties, and institutions (industrial and commercial) can create a vision in assessing, controlling
and financing damages and make plans to deal with possible future phenomena [*-31,

The importance and role of risk management in developed economies in achieving organi-
zational goals is well known, and they benefit from their achievements, which is not the case
in most developing countries. However, despite the significant losses resulting in risk man-
agement and assessment systems on the property, assets, facilities, and human resources,
considerable efforts have not been made to minimize the damages, and there is no adequate
financing to compensate them. This is also true in Iran [4-6],

The emergence of many prominent political, economic, military, scientific, and technological
phenomena in the last century, from the Russia-Japan wars, World Wars I and II, and the
Korean War, up to the advent of cars, television, computers, global warming, nuclear weapons
and atomic bombs, and natural disasters such as earthquakes, hurricanes, and tornadoes,
have led to new studies on their causes, effects and predictions in all areas of evolution and
improvement of risk management and assessment [7-91,

1.1. Common methods in risk assessment

There are multiple ways to assess and visualize the potential risks of a project or develop-
ment activity. Each method needs its own resources, and context is important in applying
methods and technologies for evaluating options to have significant efficiency in evaluating
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specific designs. Furthermore, not all methods evaluate an environmental plan or project
equally effectively. Therefore, each method has its own advantages and disadvantages [10-12]1,

The most common methods in risk assessment are operation and risk study methods, fault
tree risk assessment, failure mode event analysis, and its effects [13],

2. Analysis of failure mode event analysis and its effects on failure modes and effects
analysis

FMEA was first used in the US military. The Military Standards were published on November 9,
1949 (Defect Analysis, Related Impacts, and Significance). Following this standard, errors or de-
fects are classified in terms of their impact on the ultimate goal and the level of safety of
personnel and equipment [14-18],

The first official application of this analysis, FMEA, was in the aerospace industry in the
United States. FMEA was introduced as an innovation and initiative to prevent irreparable
mistakes and errors at the time; each occurrence caused huge damages and loss in capital.
FMEA is an engineering technique used to identify and eliminate errors and potential problems
in the system before they occur. It moves towards identifying and ranking the causes and
effects associated with it. Risk prioritization is based on the probability of occurrence, severity,
and detection of potential risks [19-20],

An important indicator in the FMEA is the RPN risk priority number, which is the multiplica-
tion of the probability of occurrence of an accident, the severity, and its detection (diagnosis).

RPN =0 X S XD (1)

where O is the probability of the occurrence of an environmental event: indicating the possi-
bility of the occurrence of consequences in a certain period of time [19-21]: S is the severity of
the effect: It indicates the extent of damage and loss that will occur if environmental conse-
quences are actually realized [19-201; D is the probability of detection: It indicates the proba-
bility of identifying the outcome or causes of the outcome [19-22],

The risk factor with high RPN should be considered with caution. The main purpose of risk
management is to maintain the risk at an acceptable level and alter unacceptable risks to an
acceptable level [14],

3. Settings

Marun Field is an oil field located in the Khuzestan province of Iran and is the second-
largest oil field in Iran. The field was discovered in 1963, owned by the state-owned National
Iranian Oil Company (NIOC2), and operated by the National Iranian South Oil Company (NISOC) [4],

b “@9, : - The Marun field contains estimated
T Gied recoverable oil reserves of 22 billion
barrels, making it the world's sixth big-
gest onshore oil field in the world.5
Marun is currently producing approxi-
mately 520,000 barrels per day
(83,000 m3/d) of crude oil daily. It is
the second biggest producing oil field
in Iran, after Ahvaz Field [4],

The super-giant Marun field has
long been one of Iran's most prolific oil
fields. It reached a peak of 1.34 million
b/d in 1976, and although it has since
declined, it remains in the top three
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Figure 1. Location of Marun [23]
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producing fields alongside Ahvaz Field and Gachsaran Field [4]. The smaller Kupal and Shade-
gan oil fields are located north and south of Marun. The Marun field was brought on stream in
1966, and its production gradually increased to more than one million barrels of oil daily in
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1972 [41, It consists of two oil reservoirs and one gas reservoir named Asmari, Bangestan, and
Khami [22-24],

4. FMEA objectives

FMEA is an inductive method (specific to the general approach) and has two major goals:
1- Identifying important defects that have reliability, accessibility, and maintainability and af-
fect the safety of the system in general.
2- Determining the effects of failure modes in the components of a system on different func-
tions of the same system [23-24],

5. Steps
5.1. Data collection

The device or location where risk assessment is performed must be identified thoroughly,
and activities and processes should be examined carefully. The characteristics of the region,
processes, and the environment were also studied in this study.

5.2. Definition of the scale of severity, occurrence, and detection

Table 1. Effect severity of risks

Effect Degree of effect] Definition/examples of effect severity

No effect 1 No occurrence of negative environmental hazards and effects

Insignificant 2 The risk to staff and the environment is not significant

Partial 3 Poses a risk to staff and the environment

Low 4 Hg_zards cause inconvenience to staff and environmental elements / sig-
nificant effect

Average 5 Effects of r.isk on the environment lead to visitation from health officers|
and cessation of work

High 6 Haz_ards cause significant and irreparable damage and pollution to the
environment

\Very high 7 Hazards in the environment should be cleaned, treated, etc.

Serious 8 Hazard§ in the environmgnt lead to the destruction of some elements of
the environment or pollution.

Critical 9 H'azard in the environment leads to the Iogs of vast resources in the en-
vironment or creates a great deal of pollution.
Hazards in the environment are such that they affect natural resources,

Catastrophic 10 animals, plants and humans, as well as neighbors and neighboring work-
shops.

Table 2. Probability of risk occurrence

Effect Degree of effect| Possibility of occurrence
Never 1 The occurrence of hazard is unlikely/ one in 10 years.
Possible 2 The amount of hazard occurrence is scarce/ one in every 5 to10 years.
Insignificant 3 The amount of hazard occurrence is very low/one in every 3 to 5 years.
Partial 4 Possible risks or events / one in every 1 to 3 years.
Very few 5 Possibility of multiple risks /occasional failure/ one event per year.
Low 6 The number of failures is low/one event every 6 months toa year.
Average 7 Failures occur on average/one event every 3 to 6 months.
High 8 Probability of significant risks / one event every month.
\Very high 9 Probability of occurrence is very high / one event every week.

. The occurrence of danger is certain / History has shown that danger has
Certain 10 always existed/ more than one event per day.
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Table 3. Probability of detecting (diagnosis) hazards

Effect Degree of effect| Definition/examples of detection probability
Certain 1 Potential hazards are almost certainly detected with existing controls.
. Process hazards are detected by indicator systems and potential hazards
Excessive 2
are alerted.
A lot 3 The risk is identified and controlled through laboratory measurements
and tests.
. Hazards are identified and discovered through tracking and auditing the
High 4 : - . : oo
current situation/ observation control/ daily monitoring.
Relative risk control and identification through the staff’s scientific and
Average 5 . .
experimental skills.
Low 6 Potential hazards are identified through random visitations and available
guidelines.
Methods used to identify and control the hazard are completely experi-
Few 7 mental with usage of reliable equipment; in terms of accuracy and pre-
cision.
Identification and control of danger, according to the Supervisor of
Very few 8 Safety, Health and Environment report. Completely experimental with-
out the use of special equipment.
Partial 9 Unlikely detection of risk with existing controls.
Unknown 10 Has no control or, if present, is unable to detect potential danger.

e Identifying potential process risks, problems, and improvement costs.

e Identifying the consequences of failure to subsequent processes, operations, customers
and government regulations. The effects of any hazard are potential effects that endanger
the safety of individuals. Danger effects such as fire, poisoning, fractures, etc.

Identifying the root causes of potential hazards.

First level method / method for detecting / preventing process failure.

Severity: Importance of rank in potential risk.

Occurrence rating: Frequency estimation for potential causes of failure.

Detection rating: The probability of detecting the specific causes of failure.

RPN calculation: the result of three inputs (severity, occurrence and detection) [5:21-22],

Table 4. Multiplications and the final results of RPN

Severity
No. 1 2 3 4 5 6 7 8 9 10
1 1 4 9 16 25 36 49 64 81 100
2 2 8 18 32 50 72 98 128 162 200
3 3 12 27 48 75 108 147 192 243 300
4 4 16 36 64 100 | 144 176
Probability 5 5 20 45 80 125 | 180 245
6 6 24 54 96 150 | 216 294
7 7 28 63 | 112 | 175 | 252 343
8 8 32 72 | 128 | 200 | 288 392
9 9 36 81 144 | 225 | 324 441
10 10 40 90 | 160 | 250 | 360 490
No. 1 2 3 4 5 6 7
Detection

6. Results and discussion

To assess the present study's environmental risk, health, and safety, studies were con-
ducted on the current situation in the field in the form of checklists and interviews. Then, using
the results obtained from the current situation, risks were identified and analyzed according
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to three dimensions: effect severity, probability of occurrence, and probability of detection.
Finally, the results were evaluated using the results of the analysis.

6.1. Definition of levels

Level 1: Low risk, where all three RPN factors are less than 6 or the RPN number is low,
and no precautionary measures are required.
Level 2: The critical level where a maximum of one of the three factors of the RPN is higher
than 6, but the RPN number is low. In this case, it is necessary to take preventive measures.
Level 9: A supercritical level in which at least two of the three factors of the RPN are greater
than 6, and the RPN number is also high. Clearly, this level requires immediate preventive
measures [25],

6.2. Results of environmental, safety, and health risk assessment using the FMEA
method

Table 5. Environmental risk assessment of Marun’s oil field using the FMEA method

No. Unexpected Consequences Probability of oc- Effect_ se- Probablllt_y of de- Deg!'ee of Level of risk
events currence verity tection risk
1 | oil spills in soil | Pollution, ground- 8 1 4 32 Critical
water
Water pollution
Oil spills in sea- and endanger-
2 ment of aquatic 7 1 3 21 Critical
water )
organisms and
seabirds
Amount of oil Soil contamina-
3 drainage and tion, adverse ef- 7 8 3 168 Supercritical
treatment to
- fects on plant
soil
Oil drainage Water pollution,
4 rate to sea- adverse effects 7 8 1 56 Critical
water on aquatic life
Factories’ dis- z\cl)ittiz'\ai:gtisgrgl
5 posable oil ef- harm to living or- 7 10 3 210 Supercritical
fluents h
ganisms
. Sewage produc-
6 Single round tion, water pollu- 5 9 3 135 Critical
effluent .
tion
Production of Solid waste in-
7 industrial gar- 3 9 2 54 Critical
crease
bage
8 Waste produc- | Increased solid 5 9 3 135 Critical
tion waste
9 Burned gas Air pollution 9 10 7 630 Supercritical
Contaminated Soil Pollution, ad-
10 soil as a result | verse effects on 7 4 3 84 Critical
of oil discharge | plants
Damage to green
11 Uprooted trees | space and land- 2 1 1 2 Low risk
scape
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Table 6. Safety risk assessment of Marun’s oil field using the FMEA method

Unexpected Probability of oc-| Effect se- |Probability of de-| Degree of .
No. Consequences - - . Level of risk
events currence verity tection risk
Endangering the
1 | Numberof fatall oo\t of 10 5 1 50 Critical
events
people
Number of Employees’ disa-
2 cases causing biIitp Y 8 4 2 64 Critical
disability Y
Number of
3 cases leading to| Inability to per- 8 1 6 48 Supercritical
a job change or| form work
work restriction
Life-threatening
events to em-
4 Numbe.r of mo- plo.yees, injuries 10 1 2 20 Critical
tor accidents to installations,
low air, and water
pollution
-~ Endangering em-
5 Numl?er (.)f n ployees' lives, 9 1 4 36 Supercritical
dustrial fires -
producing
Life-threatening
6 N;en:zgtg orts accidents and in- 6 7 8 336 Critical
P P stallation hazards
Table 7. Health risk assessment of Marun’s oil field using the FMEA method
No. Unexpected Consequences Probability of oc- Effect_ se- Probablllt_y of de- Deg!'ee of Level of risk
events currence verity tection risk
Number of non-l g 42 cering the
1 emergency out- healthgof ego le 5 10 1 50 Critical
patient visits peop
Loss of working
Number of hos-| hours and re- -
2 pitalizations duced perfor- 7 8 6 336 Supercritical
mance
Going to the Danger to the
emergency health of employ-
3 | room due to in- 7 6 1 42 Critical
. - ees and
dustrial acci- causing disabilit
dents 9 Y
Number of vis-
its due to high
4 blood pressure | Danger to health 5 1 3 15 Low risk
and high blood
sugar
Number of vis- hgisrsof;r\ﬁvdor'l:_ng
5 its to medical 7 10 7 490 Supercritical
duced perfor-
centers
mance

According to the

FMEA method, the results showed that about 38% of the hazards are
classified as supercritical, 53% critical, and 9% low risk. Most of the supercritical low-risk
states are in the health sector. According to the results and further studies of the risks reported
in the supercritical and critical categories, frequency of occurrence plays a very important role,
and taking corrective measures in this direction effectively reduces multiple risks.

It can be acknowledged that before allocating the resources of an organization to focus on
the development and improvement of error detection, it is essential that managers and offi-
cials take caution in reducing the likelihood of errors and minimizing their impact. On the other
hand, allocating financial credit to increase workplace safety is a type of future investment.
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Not paying attention to this investment will have, without a doubt, unfortunate consequences
for any organization (whether in terms of manpower, finances, or social), and the organization
may be forced to bear more costs at a later point in time.
60
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0 <
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Supercritical Critical Low Risk

Figure 2. Comparison of risk levels in Marun’s oil field
7. Conclusions

Risk management and assessment may seem very costly and time-consuming at first
glance, but in the long run, it reduces remedial costs by lowering the number of potential
accidents. Risk management can lead the situation toward environmental protection and pre-
ventive measures by providing appropriate solutions according to the conditions of any organ-
ization. Risk management should be prioritized based on each organization's experiences,
knowledge, and needs to reduce potential risks to a minimum using effective methods. Ac-
cordingly, providing logical and targeted solutions to reduce risk management requires accu-
rate knowledge of the organization’s current situation as well as its risks. Therefore, identifying
and assessing risk is extremely important in prioritizing and providing the correct solution for
remedial and preventive measures. The purpose of this study is to assess the potential risks
of Marun’s oil field and determine its most dangerous risks. The offshore oil field's environ-
mental, safety and health risks (Marun) is accomplished using the FMEA method.

The results of the FMEA method also showed that most risks in this region are critical and
supercritical, respectively. According to the FMEA method, this field, even an industrial one,
is highly risky and dangerous. Remedial measures in the environment and reducing potential
environmental hazards can be the most effective remedial actions in this region. Also, correc-
tive measures in health and safety have a greater ability to reduce risk.
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