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Abstract- Naturally, any activity is associated with risk, and humans have understood this concept from very long times ago and seek
to identify its factors and sources. On the one hand, proper risk management can cause problems such as delays and unforeseen costs in
the development projects, temporary or permanent loss of services, getting lost or information theft, complexity and limitations in
processes, unreliable information caused by rework, holes in the systems and many such problems.In the present study, a model has been
presented to rank the environmental risks of oil and gas projects. The statistical population of the study consists of all executives active
in the oil and gas fields that the statistical sample is selected randomly. In the framework of the proposed method, environmental risks
of oil and gas projects were first extracted, then a questionnaire based on these indicators was designed based on Likert scale and
distributed among the statistical sample. After assessing the validity and reliability of the questionnaire, environmental risks of oil and
gas projects were ranked using the VIKOR method of multiple-criteria decision-making.The results showed that the best options for HSE
planning of oil and gas projects that caused the reduction of risks and personal injury and casualties and less than other options is costly
for the project and it will add less time to the duration of implementing the project is the entering of dye to the environment when painting
the generator pond and the presence of the rigger near the crane.
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1. Introduction

Organizations face with billions of dollars of human, equipment, and reputational damages each year due to the accidents
and illnesses caused by work and the elimination of environmental pollutions from their activities. Statistics show that there
are nearly three million industrial units operating in the country that more than 400,000 industrial and mining units have
allocated a significant share of these activities. The number of employees in these units is over two and a half million
employees and the share of value added of industrial, mining units in the total national economy is about 25%.
Manufacturing, industrial units, which are the driving force of the country's economy, play a significant role in the national
economy in terms of employment, production, value added, exports and promotion of national productivity [1].

These damages are considered the important barriers of development and therefore, it is reasonable that the management
of organizations should consider the management on the occupational health, safety and environmental aspects regarding
other aspects of management such as quality, economic and financial, technology, production and the like, because
improvement in the overall performance of the organization is not possible without investigating these aspects [2].

Risk assessment is the process of qualitative and quantitative analysis of the risk potentials and actual coefficient of
potential risks arising from project implementation as well as the sensitivity or vulnerability of the peripheral environment.
In other words, it can be stated that in risk assessment, the sensitivities of human societies as acceptors of effects are examined
in the analysis. Therefore, it is necessary to study and analyze different aspects of risk, nature and types of risks arising from
activities in the fields of safety, occupational health and the environment [3].

In this study, VIKOR method was used to rank and evaluate environmental risks in oil and gas projects. VIKOR method
is a compensatory multi-criteria decision making method developed by Opricovic&Tzeng. Thus, according to the importance
of risk management and ranking of environmental risks in oil and gas projects and considering the accuracy of multi-criteria

113-1



decision-making methods, in the present study, ranking the risks in the projects of oil and gas have been investigated
using the VIKOR technique[11].

2. Environmental Risk Management

Project risk is the uncertain possible events or situations that impact the project's objectives as negative or positive
consequences. Each of these events or situations has distinct causes and identifiable results and consequences. The
consequences of these events are directly effective in the time, cost, quality and scope of the project[4].

By the advancement of technology and the increasing use of machinery, the dangers and potential accidents in
industrial environments have also increased. In different industries, operating units are dealt with high temperature and
pressure; as a result, there is the possibility of accidents. The oil, gas and petrochemical industries, as one of the largest
sources of environmental pollutants, have different type and level of pollution based on the type of inputs, the process
steps and the output product. The various stages of oil exploration, extraction and processing, as well as its downstream
industries, and the activities of refineries and the exploitation of petrochemicals in the country each have different and
varying environmental impacts that soil, air, water (including surface and groundwater), creatures, plants, trees and even
humans are affected by these effects [6].

There are also other environmental concerns such as earth warming, ozone depletion, water pollution and species
extinction. Given that the oil, gas and petrochemical storage tanks are considered the important infrastructure and also
because of the pervasive environmental hazards, this industry has been always considered by the environmental and
safety experts [5].

The oil, gas and petrochemical industries are one of the most important industrial facilities, which are always at risk
of releasing toxic substances, fires and explosions, among which the fire is the most common and explosion due to the
death rate is the most important risk in the storage tanks. Also, due to the presence of semi-volatile hydrocarbon
pollutants and volatile organic compounds in the refinery environment, these pollutants have extensive activity in the
unsaturated soil environment and they can contaminate the soil around the reservoirs. Risk assessment is a systematic
and organized approach to identify risks and ranking them for decision-making, prevention and reducing risk and
reaching it to an acceptable extent [7].

3. Literature Review

Mohammad Beigi in their research, have identified and ranked risk management in reducing the costs of
implementing construction projects in the oil and gas industry. In their view, the risks may continuously affect the
stability of project throughout the oil and gas project. Therefore, it is extremely important that all risks - especially in
developing countries — to be identified prior to the start of the project. One of the most important tasks for a successful
performance in the oil and gas projects is to estimate and moderate risks prior to the start of the project, the specific risks
of the project can be controlled by the private sector. These risks can be classified into development, construction and
implementation risks. In the first part, the development risks include deficiencies in submitting a request for project
proposal, delay in planning and approval of forms in the economic, environmental or technological evaluation, or
disqualification of the project by the entity having the power to determine the rejection or acceptance of competency.
Among these risks, at this stage, the risk of proposing price may be most important, the importance is due to the reduction
of investment costs in various studies and the preparation of the proposed package.

Ahmadi and Jamalihave used AHP and TOPSIS multi-criteria decision making methods in fuzzy environment to
identify and rank the hazards of oil projects based on PMBOK standard. They believe that risk in projects can have a
significant impact on short-term performance as well as long-term negative impact on financial performance of the
organization, thus risk management is essential to reduce failures caused by various risks such as uncertain economic
cycles, uncertain customer demand and unforeseeable natural and human disasters, etc. Therefore, it is important to have
a list of important risks in the field of oil and gas projects as well as prioritizing and determining
theirimportance.Therefore, in their research, they identify the technical engineering risks in south Tehran using risk
identification and grouping methods in the PMBOK standard and then determine the weight of cost, time, quality and
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range criteria using the fuzzy analytic hierarchy process and finally, prioritize risks using TOPSIS method in general and in
each group[12].

Amiriin his research has used the CPM network and the TOPSIS method in fuzzy mode to rank project's activities risk.
risk. This article uses two criteria of cost and time to rank activities. Since the duration and cost of the activities are not
certain, these two criteria are considered fuzzy. The time criterion is considered as the degree of criticality obtained from the
the fuzzy CPM network in the method. Since, according to the objectives and conditions of each project, the importance of
of cost and time is different, these two criteria are allocated weight, and then the activities were ranked according to their
risk using Fuzzy TOPSIS method.

Bideyhas examined the risk management of construction projects by applying contractual considerations. In this paper,
the methods that contractually cause to the creation of proper risk management during a project implementation are divided
and explained into four categories: creating a winning system in contract, using participatory systems, selecting the
appropriate system of project execution, obtaining feedback from executed contracts, and applying in new contracts. The
results show that applying the above methods in regulating contracts of development projects will play an important role in
risk reduction and litigation management.

Khazaini and Afsharhave identified the project risks and proposed a specific structure for classifying them in a study
utilizing the experiences gained from projects in the world and studies in this field. They believe that it can hope for the
success of the project only if the risks to be identified and properly allocated and prepared to manage them. Identifying the
risks at each stage is essential for gaining readiness for the proper control and management of the risks, as well as assigning
and determining responsibility for each of the project agents in the project agreement.

Asbes in their paper have presented a new approach to project control under uncertainty considering return to the basic
principles of management. Their model includes integration in earned value methodology and risk management. They used
the data from three case studies to evaluate the model. The results of the model implementation on the sample problems have
been shown that the proposed model has the required validity and it has a significant impact on increasing quality, cost
reduction and time and it provides optimal scheduling for the project.

Teller in their paper examined empirical research on how risk management affects the project portfolio success. This
study examines how portfolios risk management affects the project success. Using a sample of 176 companies, this study
provides evidence that identifying portfolio risk, adaptation of portfolio risk management process and risk management
culture directly influence risk transparency. Given that the risk prevention, risk monitoring, and the integration of risk
management within a portfolio management project, is directly related to the capacity coping with risk. The findings also
show that both risk transparency and the capacity coping with risk have a direct impact on the project success. However, the
results do not approve the hypothesis that risk transparency and the capacity coping with risk have a complementary effect
on success. The concepts for researchers and project managers are discussed.

Fuzhou and Hang Yan have assessed the financing risk of construction engineering projects. This paper analyzes the
financing model of construction engineering projects to identify five important factors that influence financial risk and this
model is used to compile a questionnaire report. This model demands the standardization process and model form for post-
investment data and obtains the combined value of the risk and then judges the project's risk level, which provides key
benefits to the construction engineering project that relates to risk management departments.

4. Research Method

Multi-criteria decision-making methods that have been considered by the researchers in the last 30 years have been used
from multi-criteria of measurement rather than optimality measurement criteria. Multi-criteria decision making models are
divided into two main categories: multi-objective diffusion models and multi-attribute decision making. Generally, multi-
objective models are used to design and multi-objective models are used to select the best option. The main difference
between multi-objective decision models and multi-criteria decision models is that the former are defined in the continuous
decision space and the latter defined in discrete decision space [9].

The purpose of multi-attribute decision-making models is to select (evaluate) the best option among the finite number
of options (sometimes instead of option, ssynonyms of strategy are used, etc.). In addition to the options, there are several
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indices that the decision maker must specify in his or her own issues. These indices are examined in relation to each
option [10].

The output of multi-attribute decision-making models will be an option that provides the most preferred value or
of any existing attribute. Note also that access to the optimal option is impossible in most cases, but choosing the most
appropriate option will be relatively feasible in any case. As a result, the output of multi-attribute decision making
makes the order and priority of the options available in the decision matrix available relative to each other [14].

In this study, VIKOR method was used to rank and evaluate environmental risks in oil and gas projects. This method
can provide a maximum value of group desirability for the majority and a minimum value of single effect for the
opposition.

For conducting this method, we first normalize the initial decision matrix. Next, we determine the positive ideal answer
(the highest priority option) and the negative ideal answer (the lowest priority option), then we calculate the distance of
the options from the ideal solutions and calculate the amount of VIKOR and then rank and decide on the options [8].

VIKOR, a multi-criteria decision-making method to solve a discrete decision problem with inappropriate metrics
(different units of measurement) and contradictory has been developed by Opricovic&Tzeng. VIKOR is derived from
the Serbian name, which means Multi-Criteria Optimization & Compromise Solution. This model has been developed
since 1984 based on a collective agreement method with conflicting criteria and it is generally used to solve discrete
problems [9].
Considering the use of the VIKOR method in this study, it is necessary to consider the criteria. The criteria that are
investigated in assessing and ranking the environmental risks of oil and gas projects are [13]:

* Probability of risk occurrence

* Impact on project cost

* Impact on project time

* Impact on personal injury and causalities.

Also, based on the literature review, the most important environmental risks of oil and gas projects are:

1. Collision of machinery and equipment with oil or gas pipeline during excavation

2. Rigger's presence near the crane

3.Collision of machinery and equipment with underground electrical installations during excavation

4.Injection of acidic and chemical substances

5.Radiation during radiography

6. Contact with molten bitumen and breathing smoke and fumes caused by bitumen

7. Contact with UV during welding

8. Qil spill during flushing

9.Enteringdye into the environment when painting a generator pool

10. Launching welding sparks [15].

In this research, first, using the library method and referring to specialized Persian and Latin books and journals and
valid scientific sites, the data and basic information needed were collected to formulate the theoretical foundations of
the research and then the information needed to rank the ten risks identified was collected using a researcher-made
questionnaire [16].
In MADM techniques, the objective is to evaluate the options based on the criteria and to select the optimal option. In
this model, the criteria are not weighted but the weight of the criteria is obtained from other methods and used as input.
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Table 1. Weight of options

Weight Symbol Scale
1 VL Very low
3,2 L Low
4,3 ML Relatively low
45 M Medium
5,6 MH Relatively high
6,7,8 H High
9 VH Very high

The evaluation of options is based on criteria by the decision matrix. There are always several options in this model that
are evaluated based on multi-criteria independently and ultimately, the options are ranked by value.
The statistical population of the study includes all managers active in the fields of oil and gas that the statistical sample is
selected randomly. Different methods are used to determine sample size in research. Cochran formula was used to determine
sample size in this study. Thus, considering 250 for the statistical population, the minimum sample size is 150 persons [17].

Content validity and face validity were used to determine the validity of the questionnaire. Waltz and Bausellmethod
was used to investigate the content validity index. In this way, the experts identified the "relevance”, "clarity" and "simplicity"
of each question on a scale. The minimum acceptable value for this index was 0.79. In the present questionnaire, all the
guestions obtained this value and therefore the content validity of the questionnaire was confirmed.

To investigate the face validity, the opinions of the target sample group or research respondents are used, and this part
of the validity of the test does not require the opinions of experts. To assess the impact scores, participants were first asked
to specify the importance of each question on a five-point Likert scale ranging from 1 (not at all important) to 5 (quite
important). To accept the face validity of each question, its impact score must not be less than 1.5, and only questions are
acceptable in terms of face validity that have a score above 1.5 that all questions in the present study have an impact score
greater than this value. Therefore, the face validity of the research questionnaire was confirmed.

Cronbach's alpha method was used to measure reliability. The Cronbach's alpha method is used to measure the internal
reliability of an index's items, mainly for questionnaires that its questions are designed in spectrum and its answers are multi-
option. The Cronbach's alpha for the present questionnaire is 0.782, which is greater than 0.7 and confirms the reliability of
the questionnaire.

5. Data Analysis
This section ranks the risks identified using the VIKOR method.
1) Initial Decision Matrix Formation:
The initial decision matrix is obtained from the geometric mean of the respondents' comments as described in Table 2.
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2) Normalizing

Table 2. VIKOR's initial decision matrix

Impact on Impact Impact .-
personal of the of the At .
U . of Risk
injuriesand | time of | costof
" . : occurrence
causalities project | project
9 3 2 8 F1
7 4 3 8 F2
5 2 2 7 F3
3 1 2 2 F4
5 2 3 5 F5
2 1 2 1 F6
1 5 4 2 F7
8 2 5 2 F8
8 5 6 3 F9
4 2 2 2 F10
or non-scaling the initial decision

matrix:

Using the linear normalization formula, all of the matrix values are multiplied by 2 and the sum of each column is
summed and then the square root is obtained and finally, each value is divided by the obtained square root. The results
of this step can be seen in Table 3.

Table 3. Normal initial decision matrix

I gg;ig;gr I mpact of Impact of Probability _
. the time of the cost of of Risk
injury and - .
ey project project occurrence
causalities
0.489535464 | 0.311085508 | 0.186500962 | 0.529812943 | F1
0.380749805 | 0.414780678 | 0.279751442 | 0.529812943 | F2
0.271964147 | 0.207390339 | 0.186500962 | 0.463586325 | F3
0.163178488 | 0.103695169 | 0.186500962 | 0.132453236 | F4
0.271964147 | 0.207390339 | 0.279751442 | 0.331133089 | F5
0.108785659 | 0.103695169 | 0.186500962 | 0.066226618 | F6
0.054392829 | 0.518475847 | 0.373001923 | 0.132453236 | F7
0.435142635 | 0.207390339 | 0.466252404 | 0.132453236 | F8
0.435142635 | 0.518475847 | 0.559502885 | 0.198679854 | F9
0.217571317 | 0.207390339 | 0.186500962 | 0.132453236 | F10
3) Determining the ideal positive and negative points:
At this point, the best and worst value of each option is determined. These values are visible in Table 4.
Table 4. Ideal Positive and Negative Point
Impact on person_a_l injuries and Impact of t_he time of | Impact of t[he cost of Probability of Option
causalities project project occurrence
0.489535464 0.518475847 0.559502885 0.529812943 Positive ideal
0.054392829 0.103695169 0.186500962 0.066226618 Negative ideal
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4) DeterminingS and R:
Using the relative distance formula, the i-option of the ideal point is equal to S and the maximum inconvenience of the
i-option of distance from the ideal point is calculated equal to R. These values are listed in Table 5.

Table 5. Determining the index of benefit and regret

Regret (R) Benefit (S) Risk
15 1 F1
1.25 0.75 F2
2.392857143 1 F3
3.607142857 1 F4
2.428571429 0.75 F5
3.875 1 F6
2.357142857 1 F7
1.982142857 0.857142857 F8
0.839285714 0.714285714 F9
3.232142857 1 F10

5) DeterminingQ value and ranking of executive risks:
By determining Q, the options are sorted and ranked in descending order. The best rank is for an option with the lowest
Q. The values of this index are visible in Table 6.

Table 6. Determining VIKOR Index and Ranking of Options

VIKOR index (Q) Risk Rank
0.608823529 F1 5
0.130147059 F2 2
0.755882353 F3 7
0.955882353 F4 9
0.324264706 F5 3
1 F6 10
0.75 F7 6
0.438235294 F8 4
0 F9 1
0.894117647 F10 8

6) Two final conditions of the VIKOR technique:
Condition One: Establishing the following equation:
Q(a") —Q(a’) = DQ

Where a'is the first option and a'’is the next option, and DQ = ﬁandnindicates the number of options. This value is:

0.130147059—-0 > 10-1
0.130147059 = 0.111111111
- The first condition is established.
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Condition two: The option that has the lowest value of the VIKOR index (ie F9) must have at S or R the least value.
This is established for F9 and in both cases, S and R has the lowest value.

- The second condition is established.

As such, the rankings made by the VIKOR method are acceptable and can be interpreted.

The final ranking obtained can be seen in Table 7:

Table 7. Environmental risk ranking of oil and gas projects
Risk Rank
Enteringdye into the environment when painting a generator pool
Rigger's presence near the crane
Radiation during radiography
Oil spill during flushing
Collision of machinery and equipment with oil or gas pipeline during excavation
Contact with UV during welding

Collision of machinery and equipment with underground electrical installations during
excavation

Launching welding sparks.
Injection of acidic and chemical substances
Contact with molten bitumen and breathing smoke and fumes caused by bitumen

O N oW IN|F
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o

6. Conclusion

Project's Risk Management is one of the major topics of project management that involves planning, organizing,
monitoring and controlling all aspects of a project, including risk identification, measurement, risk response
development and risk response control.

It was concluded from the results in VIKOR technique that the options that reduce the probability of occurring risks
and personal injuries and causalities more than other options and less than the other options are costly for the project
and will add less time to the project is the entering of dye to the environment when painting the generator pond and the
presence of a rigger near the crane.

To reduce the harmful effects of these two risks, it is recommended to use safety signs. Safety signs are one of the
cheapest and easiest ways to control and prevent risks. There are many standards in the world for producing safety signs,
each of these standards has its own advantages and disadvantages. Based on relevant criteria, all hazardous items in
workplace and safety training tips such as packages containing radionuclides, devices used to transport radionuclides,
radiation-producing sources, and areas containing radionuclides, chemicals, electrical, petroleum and gas fuels, work at
height and paths must be specified and adhere to the principles of installation of warning safety signs.

In large industries, it is almost impossible all employees to be familiar with all the dangers and all the places due to
the experience. On the other hand, workers and employees may move from one unit to another and do not have the
enough opportunity to identify their workplace risks. Installing safety signs in the workplace can expedite the process
of introducing risks to employees. It is recommended that health and safety authorities identify hazards and unsafe
conditions and install appropriate safety signs.

National Safety Association has cited the fault in correct informing hazards by safety boards as the third most
common factor in investigating accidents. Other studies have shown that the use of warning signs and labels is one of
the best ways to control accidents. Therefore, the use of safety signs to improve employees' behavior is considered.
Safety signs as an indicator of danger, hazardous conditions or consequences of danger points safety precautions and
recommendations to persons who commit unsafe and dangerous behaviors and show the ways to avoid them.
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Safety signboard information plays an important role in promoting industrial safety, controlling the behavior of
engineers and workers in the form of guidelines related to hazards and industry injuries. Now, the equipment can be effective,
effective, if they are designed in accordance with ergonomic principles and based on the human factors, otherwise the
problem in the information processing process will in turn increase the likelihood of unsafe behavior by the worker.
In total, it is important to note that signs must be designed so that they are clearly visible, recognizable, and understandable,
understandable, and they may result in death or serious injury if they are not fully and effectively showed.
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